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This book provides an insight into the PROFILES into the development of teacher preparations

project; its aims and objectives as well as about
some of the activities initiated byROFILES
partner institutions. In particular, the book gives
a picture of some experiences colleaguas u
derwent within the firstperiod of the projects
lifespan and invited experts provideesights into

through Continuous Professional Development
and the moves towards establishing evidence
for Teacher Ownership of the PROFILES ideas
(see Chapter 1.4.4 by Avi Hofstein & Rachel
Mamlok-Naaman) and the involvement of
stakeholders into IBSE networkseé Chapter

special issues and tasks PROFILES is promoting 1.4.5 by Franz Rauch & Mira Dlle

to foster cooperation and support on a large
scale in Europe as welkacross European o
ders.

Chapter 1 provides different perspectives tela
ed to the term Inquirybased Science Education
(IBSE), on current IBSE practice(s) and onldeve
opments within the ®ld of the IBSE movement
worldwide (see keynote presentation by Peter
Gray- Chapter 1.1.1 and the ekeynote stae-
ment of Imars Rikmanisa Latvian teacherin
Chapter 1.1.2). In addition, this Chapter offers
up-to-date indicators on Teacher Continuous
Professional Development (CPD), as well as pe
spectives on how to enhance teacher ownership
(see keynote presentation of Shirley Simon in
Chapter 1.2.1 and the ekeynote statement of
Funda Tunaboylwa Turkish teacheiin Chapter
1.2.2). This chapter aldocuses on how to &

ter and evaluate student gains to enhance their
Scientific Literacypy means of more innovative
Inquiry-based Science Education practicéise(
keynote presentation by Olaf Kdller in Chapter
1.3.1 will, unfortunately, be published in th
next PROFILES Bopaskethe cokeynote staé-
ment of Chrystalla Lymbouridou from Cyprirs,
Chapter 1.3.2).

After an introduction into the PROFILES project
YR AGa LIKAf2a2LKe
internal monitoring team presentaifour lec-
tures their most recentfindingsin the field of
stakeholder views ofBSEgee Chapter 1.4.2 by
Theresa Schulte & Claus Boland on the se
ting up of the PROFILES innovative learnimg e
vironments éee Chapter 1.4.3 by Jack Holbrook
& Miia Rannikmag as wd as provides insights

o/ KI

Of special significance are the contributions by
project partners and the involvement of their
highly motivated teachers, presented within the
interactive poster sessions, which strongly- e
rich this book (ChapteR). The presentatios
reflect the poster contributionsof all PROFILES
Consortium partners anéhclude a large range
of good practice examplesexperiences and
research results in the fieldf science edus-
tion, CPD operations and the classroom inte
ventions usinPROFILES typeaching modules.

In Chapter 3, the ten workshopgresented in
the PROFILES conference fronf' 2426" Sep-
tember 2012 in Berlin, Germango into further
depth on specific PROFILES related topics:
against a background ofthe Bologna Process
Chapter3.1 seeks to elaborate the meaning of
learning outcomes within the PROFILES teaching
modules.Chapter 3.2 gives an insight into the
statistical analyses of survey dataia R
Commander seen as very appropriate in agaly
ing e.g. the PROFILES Delphudy and other
data collected in the context of PROFILES or
other studies and interventions

The project partners from Turkey, Finland and
Cyprus show examples how informaticand

dojtirfuhidatiord technology(ICT) Kad suddbl 2 SO Q &

PROFILES scienteaching and learningia di-
ferent programmes and tools, like: including
robotics in PROFILES modules (Chapter 3.3),
using social software in pigervice teacher ag
cation (Chapter 3.4) anieicluding WebQuest as

a focus for student learning via IBSE (Chapter
3.9).



Chapter 3.5 identified an interdisciplinai$d-
enceTechnologySociety(STS) approach toisc
ence teaching in line with PROFILES philosophy.
Afocus on the development of classrodeac-
ing modules meeting the intentions of ER
FILESis highlighted irChapter 3.6, while Cipa
ter 3.7 focuses on the potential of actiom-r
search to overcoming issues in developing e
emplary practices in the imgmentation of
PROFILES teachifghapter 3.8details the in-
clusion of experimentation wiih different lev-
els of Inquirybased Science Education (IBSE).
Chapter 3.10 throws light on the need to elsta
lish evidence of teacher ownership and leade
shipwhich goes beyond levels of sefficacy in
utilising PROFILES teaching modules.

The last chapter includes critical statements
regarding implementation of best practices in
IBSE related learning environments withinQRPR
FILES from an outside observer (see statements
and recommendations from the PROFILES E
ternal Evaluator, Wolfgang Graber, in Chapter
4.1).

The PROFILES Consortium as a whole and the
organizer of thed® PROFILES International
Conference on Stakeholders Viéwegarding
Inquiry-based Science Edation, as well as the
editorsand authors &
FILESB21¢ GAAK (2 | aardz2NB
eding insights and look forward to your contin

ing interest in the further developments within
the PROFILE®roject In the next PROFILES
Newsletter you will be able to read more about
conference impressions from Peter Childs, the
PROFILES Conference observer and critical
discussant.

I NI A Of SA30-gAUGKAY

In the name of all authors of this PROFILES Book
we wish you interesting insights regarding IBSE
in Europe in general and the cooperations with
the PROFILES project in particular.

Yours,

Claus Bolte, Jack Holbrook, Franz Rauch and
Mira Dulle
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1.1 INQUIRY-BASED SCIENCE EDUCATION IN EUROPE

1.1.1 Inquiry-based Science Education in Europe: Setting the Horizon 2020 Agenda
for Educational Research?

Peter Grayc Norwegian University of Science ness. This can usefully be done in schools, since

and Technology the STEAM ProjectNorway 0KS Q{20ASGlrt / KIFffoSyasSaQ
gramme are increasingly the focus of attention

Introduction in curricular areas ranging from natural science

The numerous inquirpased science and niat through scientific literacy, to citizenship and

ematics projects, including PROFILES, Pathway, moral philosophy. Horizon 2020 could act as a
PRIMAS, Fibonacci, ESTABLISH, SAILS-and SW3I G KSNAY3IQ YSOKFIyAayY G2 K

TEAM initiated by the EC are now mostly- b subjects to work tgether. Before we move to
yond the mid points of their various trajectories, Horizon 2020 projects, however, we need to
and willfinish more or less as Horizon 2026-b maximise the learning from our collective parti

gins. As project participants, we know many ipation in Framework Programme Sevenj-Sc
things about IBST, and have begun to develop a ence in Society and related activities. This is of
shared understanding of its role in promoting interest because Horizon 2020 will require inte
better engagement with science, technology  disciplinary collaboration, probably on a larger
engineering and mathematics (STEM$dhools. scale than FP7.

As a research community, we are now at a-cr In Horizon 2020, funding will be focussed on the
cial stage in the evolution of European research  following challenges:

and development on science education, with
the shape of Horizon 2020 being argued over by
its many stakeholders. Education has not, until
now, played a ery significant role in the co
struction of Horizon 2020, but, as | will argue
below, it should be a fundamental part of the
strategy

Horizon 2020 is currently of interest mainly to
potential beneficiaries of research funding, but
in order to produce reaprogress and to meet
0KS @FNA2dza 9! LINA 2 NR (i AThese ddd BargheRfany the bAsis Dfialidaysd A 6 f S
wSaSINDOK 39 Lyy2@l A2y Qiario ®iSOEMedutarRiNBuioey H N H N

needs to be brought into the public consc&u

Health, demographic change and wellbeing;
Food security, sustainable agriculture,
marine and maritime research, andetbio
economy;

Secure, clean and efficient energy;

e Smart, green and integrated transport;
Inclusive, innovative and secure societies;
Climate action, resource efficiency and raw
materials.



On the way to outlining such a scenario, | will
first preview the synthesis of available findings
from current STEM education projects in FP7,
which will be created for the forthcoming ¢éb
cember 2012) INSTEM project, a Comenius pr
ject funded by the Lifelong Learning d?r
gramme. Preliminary results indicate thatopr
jects have a general sense of frustration with
the shortterm nature of EU actions in this area.
The overall aim of spreading IBST is widely
shared across national education sysgniut
the limiting factors are favourable conditions for
teacher development activity, and lack of ove
all coherence between pedagogy, curriculum
and assessment within these national systems.
Naturally, there are variations between and
within national syeems at all levels.

Within this general agreement, there are many
differences in the overall approaches taken by
STEM education projects, particularly in terms
of their interaction with national systems. For
example, the role of the German SINUS-pr
gramme in providing a basis for subsequent
projects in IBST, such as Mind the Gap, Fibona
ci and STEAM, is well known. In the case ofEU
funded projects, however, we need to move
beyond action at the national level, to action
within a European space for edugaial re-
search and development.

¢CKSNE A& I 9 dzNR LS| vy
which STEM education has been seen primarily
as a tool to improve economic competitiveness,
and secondarily as a route to the democratic
involvement of citizens in scientific and
techological decisions. The traditional academic
attitude to the relationship between education
and the economy has been one of resisting i
strumentalism and of promoting a broaderrco
cept of education, perhaps best captured by the
G S NBidung® & Isdime iinf€,Sthere has
been a tendency within academia to uncritically
I OO0OSLIi GKS O2yOSLIi o027
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change and the accompanying need for urgent
reform.

The pace of change in education is, however,
(un)surprisingly slow, given the mass andneo
plexity of the systems involved, and in fact a
recent call for research into change processes
within education systems (SSH.2012:1.Chd-
lenge: Education stams in the 21 century)
indicates the frustratia felt within the EC at its
inability to catalyse educational reformlhere

is, therefore, an opportunity to create a more
forward thinking and better informed concensus
on future actions in STEM education. Thes r
quires a perspective on change processéschy
takes into account resistance and the variety of
drivers for change, beyond the technology- c
cles exemplified by endless versions ofnWi
dows, or the Volkswagen Golf.

The conference presentation will also include a
brief report on the findings of a wishop series

at ECER 2012 (Cadiz) set up by EERA (European
Educational Research Association) to consider
how social science and humanities can cdmtri
ute to the Horizon 2020 programme. Onegsu
gestion which may well emerge from the vker
shop is that school cgeence and mathematics
should become more closely engaged with real
world research. In-$EAM, we have experience
of initiatives using narrative or drama toni
crease pupil engagement with science. in these
narratives, engagement is increased because

LJ2 dupilgiin owrssihSf tielrdd s oftstiditiid, v

activity and recognition for their scientific @o
tribution. When school science has effects in the
world, both the social and intellectual benefits
of schooling are increased. This is not the only
possible wayforward, however, and | will g4
gest several posible scenarios as to how the
STEM education community can contribute to
future progress. Firstly, however, | will discuss
the initial synthesis of project results resulting
from the activities of ProCoNet drthe INSTEM
project.
0dKS
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At this stage, the findings are provisional.\WNe
ertheless, we have a number of possible-re



ommendations, which have evolved during-di
cussions in ProCoNet and elsewhere.
1. The move to inquinpased sciece teaching 6.

methods, and associated improvements in

the quality of teaching, need properly
aligned curricula and assessment systems
that specifically support inquiry, to allow
teachers to work creatively with pupils
across topic areas and to exercise papil
imagination and curiosity. In other words,
classroom and school environments as a 7.
whole should support inquiry, especially in
science but also in mathematics and across

the curriculum generally.

The support of colleagues and schoolma
agement togethemwith collaborative inquiry

into practice is necessary for the effective
implementation of inquirybased science
teaching. 8.
Authentic inquiry happens when pupils are
looking for answers to questions owned

and, where possible, formulated by time

selves. Inquy can thus make a difference to 9.
pupil motivation, but the operended ra-
ture of inquiry needs to be carefully adjus
ed to the desired outcomes, the need for
teacher support and the constraints of exis
ing curricula and assessment systems.
Inquiry achieves étter understanding of
ideas or concepts, and better develops a
range of intellectual and practical capacities,
but may take more time than traditional
methods. Changes to systemic practices, i
cluding curriculum design and assessment
methods, will be reqgimed, but smablscale
demonstrations of the effectiveness ofi-i
quiry can help to bring about these changes.
Teachers should be prepared to experiment
with their own practice, and should not see
inquiry as an albr-nothing activity, but as
part of a reperbire of actions directeda-
wards improved pupil outcomes.

Inquiry is embedded in specific situations
and is multidimensional. Teachers should
be able to select appropriate dimensions of
inquiry, in order to facilitate understanding,

11.

12.

13.

learning and engageméramongst all p-
pils.

Science content knowledge and pedagogical
process knowledge (PPK) are equalty i
portant for the implementation of inquiry
based science teaching. In addition, it is vital
that science teachers are conversant with
the nature and histoy of science, since the
nature of inquiry is as complex as the nature
of science itself.

Science teachers also need pedagogical
content knowledge (PCK) and pedagogical
process knowledge (PPK) to support, far e
ample, argumentation, experimentationj-d
alogic teaching, motivation, use of innav
tive, crosscurricular methods such as drama
and narrative, and crossurricular working

in general.

¢S OKSNBEQ QI fdsSas
of education are sometimes in conflict, but
inquiry provides a basis faesolving these
tensions.

More priority should be given to collaber
tive teacher professional development-a
tivities, which should be part of a coherent
professional development structure aimed
at improving teaching quality, educational
outcomes, pupil egagement and teacher
retention.

. Professional development should be cohe

ent with initial teacher education and
should be seen in a context of lifelong lear
ing for teachers, rather than just being
about imparting information.

Professional development shalulbe cam-
RdzOGSR Ay GSIFOKSNHERQ
and should be empowering for teachers,
who should be able to change their practice
as a result.

Initial teacher education should itself be
inquiry-based, and should give peervice
teachers the possibilit of conducting their
own inquiries into practice.

In a globalised and increasingly mobile
world, there needs to be more attention to
learning from other educational systems, in

0SSt AST
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order to avoid wasted or duplicated effort
and to increase educational mobylit
Educational interventions should bee-r
searchbased, sustainable and should reflect
the length of time spent by pupils in thessy
tem, typically from 1413 years.

There should be stronger coordinatiore-b
tween research and development projects,
and better use should be made of results
and experience across research projecselu
ters in particular topic areas.

These recommendations are of course quite
general, because it is neither appropriate nor
useful to impose detailed recommendations on
teachers at thedvel of specific topics, or in the
FT2NY 27
practices. The exact form of inquiry impleme
tation will inevitably vary across and withian
tional contexts.

14.

15.

National differences

Here we have to clarify the role of actian the
European level versus action at national level.
Most European countries are engaged im<o
tinuing reform of some or all aspects of their
education systems. These reforms may or may
not include elements of inquirdpased science
and mathematics edud®mn. There is a trend
towards opening up the science curriculum to
more varied teaching methods and topics, with
GKS dzasS 27
forth. As researchers with interests in inquiry
based methods, we should engage with these
national reforms, but we also need to pursue a
European agenda. The policy envelope for this
agenda is a general increase in innovationaere
tivity, imagination and at the same timen-i
creased engagement with science and neath
matics. We need to pursue it becaushe real
societal challenges identified by the EC can only
be addressed by a paradigmatic shift in attitudes
and capacities across the entire population,
from a passive to active mode of education,
based on the capacity for inquiry and demdera

ic particpation.

Q0 A LIa-based gaching 2 2

What this would really mean in practice is a
more open education system with the capacity
to develop in different directions. At the on
ment, there is little sign of coherent negotiation
between national school assessment systems,
national higher edcation systems and theuk
ropean institutions which could coordinate such
action. A project to research the role of foan

tive assessment in STEM education has just

been negotiated, but is unlikely to produceysi
nificant results before 2014 at the earliest.

Who are the stakeholders in such a project?
Industry, SMEs, the public sector and civil soci
G SYLX2eSNAZ la ¢St
general, all have an interest in a more flexible
Bnd prgdjaizie NeBucation system. The main
barrier, as we see inational contexts as well as
in the European arena, is the reluctance ofipol
ticians to take risks with what they see as the
measurable results of current systems, with
percentage increases or decreases in adhiev
YSyGz GdGFAYyYSyli
research ways of protecting students from the
effects of change, and from ending up in a free
fall situation where they have done interesting
and engaging things at school, without recégn
tion of their skills and achievements.

Future Scenarios
There ae essentially three possible scenarios

Q02 NBE 02y OS mditheGBure Of|ESr@pean (Arfsl linde@d, dlokaR

education:

Scenario 1lis business as usual, with tensions
between progressive and conservative tende
cies, a confusion of purposes, aims, objectives
and outcomes and adisillusioned and de
motivated student population. This is theesc
nario which the EC wishes to address, but is
limited in its scope due to the legal restrictions
on its powers in relation to national education
systems.

Scenario 2is a gradual acceleratioof the im-
plementation of new methods, adoption of new
technologies and responsiveness to difference
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and student voice. This scenario is the emerging industry and policymakers, which in itself would
picture from our work with EU projects, but is provide learning experiences.
insufficient in itself to address wider societal Although Scenario 3 is in itself a policy change, it

objectives as can be seen in the stixts of also requires policymakers to step back and
current and emerging EU programmes, including recognise that risk cannot be removed tmo
Horizon 2020. education, either by continual policy changes or,

more specifically, by continual testing. In fact, as
Scenario 3s a complete rethink of the purposes current projects are finding, both of these-i

of education, based on the principle that lear crease rather than decrease the risk of poor
ing, life and work have become part of a whole  educational outcomes. By coupling the Horizon
beingin-the-world and that the purposes of 2020 challenge directly to education systems in
education and the emergence of new, sustin Europe, we can increase the available research
ble societies are convergent. This scenario may and innovation capacity by a huge factor, whilst
seem somewhat oveambitious, especially to simultaneously increasing student motivation,

those of us who have worked directly with engagement and achievement. The real risk lies
schools and teachers in STEM projects. The in doing nothing!

point, however, is that the current passive mode

2T SRdAZOFGA2Yy>S Ay 6KAOK aidzZRSyda | NBE QLINBLI NBRQ
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failing to provide them with opportunities to be

innovative now, as opposed to sometime in the

(for them) distant @iture. An active mode of

education sees students as sources of iraxov

tive thinking. This is not the same as a purely

constructivist view of education, which is cou

ter-productive, at least in relation to science.

Innovative thinking builds on a strong fodax

tion of existing knowledge but requires an ope

ing or openness rarely found in current eddc

tion systems.

Scenario 3 would be based on the idea thet a

tive inquiry and realorld research, suitably

evaluated and documented, would be the best

basis for bth student outcomes and future

a20AS0ASad . & QFOGADGS AYIldZANRQS L YSFy &aaGagdzRSyia
agreeing on the object of inquiry, developing

methods, observing results and arguing foneo

Ot daA2yazr Ay fAYS gAGK GKS 02yO0OSLIi 2F QNBalLRyaarof
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the causes of, and solutions for, current pro

lems, whether at local, regional, national, Bur

pean or global level. This would require axte

sive collaboration between students, schools,

universties and other research organisations,



1.1.2 Teachers Views on Inquiry-based Science Education

limars Rikmanig, Riga State Gymnasium Ng G2 FGSNJ L ! &S isgrgde 8 dhénd- &
Jazeps Logins and Dace Namsobiversity of try module comprising 5 lessonsyas created
Latvia, Latvia based on PROFILES project guidelines (Holprook

2011). The main points of the module aweit-
Introduction linedin Hgure 2.

In skilfully planed and implemented inquiry
based science egtation studentsplay anactive
part in the learning process; they are am-i

Problem solving exercise on use of water in
running household appliances

portant part of it.In this way studentcentred Conclusion that water contains dissolved
educationcan beimplemented. Students de\e matter

op and improve not only their process skills, but .

also theircognitivelearningand communication Concept of hard water

and cooperation skills. However, there are a few
difficulties to be faced when putting inquiy
based science education into praetiin schools.
According to the opinion of colleagues, the most
critical difficulties are:

Use of hard water in daily life

What water is in my home/ location?

Recommendations that should be taken into

 lack ofteachercompetence in inquirybased consideration when using such water in
science education household conditions
e teacher concernsthat they could fail by Figure 2. Mairpoints ofthe module
doing something new
With these in mind,tiis felt important to find Lesson 1 Students interactwith the scenard
out how well a teacherhaving no work expér about steam iros and formulate apossible
ence and a teacher with extensive work exper explanationbased on an assumption thatat-
ence can implement the inquirybased @- ter is dissolved in waterand this caninfluence
proach, what are the benefits of this approach  the functionality of household appliancesn
and the difficultiesencountered groups,studentsplan a laboratory investigation

to testthe assumption.
TheY2RdzZf S a2 F GSNJ L | asS Abhessanl2dtidénts undeftéké thexpemnerad a

implementation tion and draw conclusions based on the results
An inquirybased approach was put into prai Lesson 3Students comprehend and interpret
in Latviapy implementing the PROFILESdule provided text and debate the essentialsvhen

Figurel. Module realisation in R&yState Gymnasiun Figure 3Comparinghardness ofvater samples
No. 1

[ AFS



using hard water in househadStudentsdistin-
guish betweerhard andsoft water and discuss
their use in daily life.

Lessons 4 and:5Studentsplan a laboratory
investigationto determine the type of water
OKFNR 2NJ a2F00 A Studénts S
have beenguidedthat finding whether the \a-
ter is hard or not can bandertakenusing soap
solution (kgures 1 and 3).

Students make recommendations on how the
water in their homes can be used.

First aithor, llmars Rikmanis, a new teacher,
taught the above mentioned module in two
grade 8clasgs and comparedher results wih
the resuls of six other teachers havirexten-
sive work experience.The comparison was
based orstudent obsera-

. e oA 100
tionsz a 0 dzR@itgni a Q 4
evaluation and a student 80
survey. 0

o o

Results and discussion
Resultsfrom the student
survey (klure 4) show
that more than 70% of the
students worked with
interest in these lessons

o

Students’ answers, %
N WS o N
(=) o

[y
o

Text about
problems with

o

GAnother benefit¢ stuR Sy (ittdu@e tdwards
chemistry itself has changed, because working
this way shows that underachievers can do and
finish their work. Four schoolboys even attended
a consultation with a desire to learn about tari
ang trihGlas Golr€etlglK 2 Y S & @

Analysis of & ( dzR Sy lisheRts a@né Ndif
evaluation sheets shows a very important leen
fit of IBSHor studentsc inquiry-based learning
has really improved theprocessskills.

CNR Y & (i dze@lyatioa(Bgurass wetcan
see that after the module students evaluate
their processskill much higher than before
they feel their skills have improvedThe $u-

Yes
B No

It was
interesting to

I would like to
learn all topics

What | learned
in this module,

and more than 90% of the steam iron got work with textin  this way will be useful to
students aw the module® me interested  these lessons me in real life
connection with real life.
Thus, it is understandable Figure 4. Results of the student survey

0 2 < < <
that aImos'F 90% of the P PO P e
students said theywould 100 ¥ ¥~ ¥ ¥ W > ¢
like to learn other topics
this way as well

_ X
The students felt thatni- o
quiry-based learning i © - ® Fully acquired
. . 71

stimulated their interest, ﬁ 69 Partly acquired
leading toincreasing gi- § 52 u Not acquired
RSyGaQ (ifzhet SRS 38 o -
subject. Even students w0 . 1 1 s 1
Wlth low grades shown Formulate Plan Observe Conclude

from a (Sl GKAND
ment:

Process skills

Figure 5. Student sedvaluation before and after the module



dents feel more certain about their abilities, feel
safer solving inquidpased issuesseemingly
because they realize that theye able to do it!
94% of the students mognize that ifs easier to
work in groups, and 86% of theminfk they
divided responsibilities within the group su

is newand they are less reluctant to change
approaches. The ain obstate in carrying out
inquiry-based education is timélhere are just a
few lessons a week and that is not enouin
students to gain sufficient meaningful exper
ences.Therefore the best solution is to orga

cessfully. For example, a studentdsat ¢ 2 3 S (i K $sBldcience days during which tHRROFILES-i

we could figure out, understand and do eyer
0 K A yNBvertreless 6% admitted that it was
difficult to work with students to whom they did
not relate.For exampled L & & | &
GAUK LIS2LE S 6AGK
very well, but it was good for me and gave me
SELISNASYy OS¢

When omparing the given results witthose
from teachers having an extensive work exper
ence, no substantial differences appearedll
results weresimilar.

Asfor the main problemsvhen using PROFILES
modules inLatvian schoolgne can identify the
limited lessontime (only 40 minutes) and only a
few lessons per weekin grade 8there are only
2 chemistry lessons per week. lution when
the moduleis implementeds that; the lessons
can be plamed using the moduleas 2 +1+2
lessons or the module can be implemented
during a science day, for ample, as part of the
project week. During a science dayisipossible
to carry out all the module activities with no
rush.

Conclusions

PROFILES typequiry-based science education
RS @St 2 LJa précésgieatiyigi do@mui
cation and cooperation dké. And very m-
portantly ¢ it increases theimotivation in sa-
encelessons

New teachersare able tocarry out PROFILES
type inquiry-based science educatipas well as
teachers with extensive work experiencee-b
cause for bothgroupsof teachers,it is a new
approach andften neither group hasthe nec-
essarycompetencies Alsq new teachers have
fewer inhibitions in implementing an inquiry
based approach, because to them any approach

RAT T ARuezeibes U 2
6K2Y @ Adisrodk 2462011 7FROFIIES &ufddbodk Aol K

quiry-based module approach can be firmly
initiated.

62 NJ

CPD Providers: The PROFILES congept
tonia: UTARTU



1.2

CONTINUOUS PROFESSIONAL DEVELOPMENT OF SCIENCE TEACHERS

1.2.1 Effective Continuous Professional Development in Science Education

Shirley SimonUniversity of London, UK

Abstract
Teachers often try out new idea to enhance

Centres that were set up in England in 2004 to
promote the professional development of isc
ence teachers in each region of the country. The
Centres are part of a government initiative to

(KSANI atidzRSyGaQ Sy3k IS Ydharice dcighBe teachinghdNedraing &nd offarO

ence, but changes in practice may not he-s
tained unless accompanied by fundamental
changes to underlying beliefs and values. In this
paper | address the issue of teacher learning,
what it means, what factors are involved, and
what practical strategies can be put in place to
make it happen. Drawg on examples from my
own research | provide scenarios for learning
that can form part of a wider agenda to enhance
effective professional development in science
education.

Introduction

In recent years both in the UK and globally there
have been concerrmagbout the quality of science
teaching in schools and its impact on the uptake
of science by young people going on to further
and higher education (Millar & Osborne, 1998;
Osborne & Dillon, 2008). The problem of young
LIS2 LX SQa
lighted in the data of the Norwegian Relevance
of Science Education (ROSE) project (Sjgberg &
Schreiner, 2005), in which the attitudes ofist
dents aged 186 years towards school science
were surveyed in over 20 countries. The study
showed an inaasingly negative response to the
jdzSadAazy WL fA1S
adzoe2aS0taqQ
UK there are funded initiatives to support the
Continuing Professional Development (CPD) of
science teachers through varisuinitiatives,
emphasising the role of senior and experienced
teachers in modelling practice, and of schools
communicating with other schools to share best
practice. There are also nine Science Learning

CPD courses for teachers. Whatever the aniti
tive and its location, an egoing concern is to
examine what makes CPD effective.

From many years of research undertaken with

science teachers | have found that unless teac

ers really want to change, or really value how a
particular change can make their and theiust

RSy (aQ cé&mdraSwakhayile, they will

not alter how they perceive themselves as-sc

ence teachers or radically change their practice.

My work with teachers in developing practice
0S3aALY 6AGK F YI22NJ LINR2SOi
College London, where | worked withisiér

Jones, Paul Black and other colleagues. The pr

ject was called the Open Ended Work in Science
LINE2SOG= 2NJ Wht 9b{ Or- 6 W2y S35
brother & Watson 1992), and came about after

changes in the English national curriculum for

RSOf Ay Awashidgh v ( Sdignael intdodlce aiddstRysti@eS or inquiry

based learning as a significant component to be
assessed across the age range from 5 to 16
years. In the OPENS project the research team
worked alongside teachers from nine secondary
schools to produce materials and develop good
strategies for teaching inquiry. We quickly-a

& OK 2 2 f cerfai®ed ShatCeBery otechér Svbls différénty/in 2 (G K S N
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uKS
teaching and learning, and values. We needed

to explore each existing situation to negotiate a

starting point for évelopment, and plan with
individual teachers how they would try out new
approaches in their teaching of science. We also
encouraged teachers to reflect on and evaluate

the changes and outcomes of their practice.



Working with these teachers on the OPENG&- pr
ject alerted me to the need for establishing
starting points, individual differences and the
value of shared reflection in a professional-d

velopment context.

In the 20 years since this project | have disco
ered from reading the international literature
that similar issues occur globally, and that
teacher learning is a complex process that has
been theorised and modelled by many authors.
In this paper | draw on particular studies that
have helped my own work with science tbac
ers, to show how | have intpreted and unde-
stood teacher learning in my research and how
research informs effective professional déve
opment. In my view there is a need to consider
teacher learning from both a cognitive andusit
ated perspective, in order to take into account
individual learning processes as well as social
and contextual influences. | have come taneo
ceptualise teacher learning as a complex cemb
yIraArAz2y 2F GKS
growth, the professional teacher practicing in a
particular setting and the sial teacher working
collaboratively with others in that setting.

The focus of CPD in science education can be
categorised broadly into subject knowledge
enhancement, management of practical work,
pedagogic approaches and leadership. Tine i
portance of sbject knowledge for both primary
and secondary teachers cannot be understated
and there are many studies to show how denf
dence in subject knowledge underpins the ways
in teachers interact with students, including one

L OF NNA SR 2 dz
mon, 1996). However, most of my own research
has centred on developing pedagogicap- a
proaches that address aims other than the
learning of science content; research and deve
opment such as that cited above has focused on
goals relating to sciendequiry and its practice,
and more recently my work has concerned the
process of argumentation as a means of deve
oping epistemological reasoning. Both of these

aspects of science education come under the
umbrella of what is known in the Englishreu

ricuuml & WK2g A0ASYyOS 62N]aqQ
communities of science teachers in schoet d

partments has also led to a focus on issues of
leadership and the impact of school culture on

the effectiveness of CPD.

¢tKS NRfS 2F (GKS2NEB sxy STTFS
sional development has been of particular value

in the initiatives | have experienced or déve

oped. Pedagogical practice that is underpinned

by a deep understanding of teaching, learning

and classroom environments has been ofr-pa

ticular significance in my wky as demonstrated

in the following section.

Theoretical background

In the late 1990s | became involved in the{pr
fessional development of teachers as part of a
major innovation called Cognitive Acceleration
in Science Education (CASE). Whilst working on

AYRA DA R dzhis projecd with Rr8ipNAigy | 1@ayhete dpfie 3 S

ate the value of having good theoretical fouad
tions to new teaching initiatives. CASE drew on a
theoretical base derived from the work of Piaget
and Vygotsky, being underpinned by copece
GA2ya 2FSRIABRSYWT aXQy Nid SN¥ a
stages of development (Shayé&r Adey, 1981)
and the social construction of knowledge. The
CASE team designed science curriculum niyater
als to promote formal operational thinking
(Adey, Shayet Yates1995), and a professional
development programme to support teachers as
they attempted to use the materials to promote
cognitive conflict and social construction ofare

A Ymel®SS S Isdhing Theddpyepgmend Ipradgham involved

university based workshops, in which teachers

were introduced to the theagtical base, B-

gaged in activities to experience cognitiveneo

flict and construction, and shared with each

other reflections on practice. As a CASE trainer |
0SOIYS I NB GKIFIG GSIFOKSNE
implementation of the CASE activities were

those whohad a good grasp of the theoretical

basis for the initiative; they would set up cagn



tive conflict appropriate to the activity and their
students, and encourage classroom dialogue
and peer interaction that promoted the social
construction of reasoning.

The importance of theory in developing tdac
SNEQ LINI OGAOS Ffaz
mentation in science education with Jonathan
Osborne and Sibel Erduran, which | began in
1999. In this work we drew on the analytic
framework developed by Toulmin (88). His
model of argument, referred to here as Tou
YAYQE I NBHdzYSy i
essential elements of argument as claims, data,
warrants and backings. We used TAP as a
framework for analysing the components of
arguments occurring in classnm discourse and
hence the quality ofargumentation (Erduran,
Simon & Osborne 2004; Osborne, Erdurar&
Simon 2004a; Simon, Erduran &sborne
2006).The application of TAP was underpinned
by the assumption that the more elements of
TAP that were preserin the dialogue, the be

ter the quality of argumentation. Claims su
ported by grounds including data, warrants and
backings were deemed to represent morenco
plex hence more sophisticated arguments.
Moreover, argumentation including rebuttals,
where the dah or warrants were opposed, was
seen to foster the process of justification and
elaboration of evidence. We alsgenerated a
scheme where argumentation was assessed in
terms of levels, which illustrated the quality of

for small group discussion, lesson planning, and
evaluation of student outcomes. One deliber
tion that occurred in working with teachers was
how they might respond to the introduction of
¢2dzA YAYQa RSTAYAGAZY
TAP a an analytical tool for research purposes,

2F N
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argument might be enhanced if they too used
TAP as an analytical tool. Some teachers found
that using the Toulmin perspective on argument
helped to inform their pdagogical strategies
(Simon, 2008). For example, one teacherantr

LJ- G G S NY duded the ndeEningAof/ dbfurdeRt YR preseftiSy

students with two arguments, one involving a
simple claim, the other a claim supported by
evidence in the form of data and warrant. She
asked stuénts to judge which of the two atg
ments was the stronger and why. The students
focused on the existence of reasons and the
teacher used their responses to highlight the
importance of evidence in argument. Theaan
Iytical process had helped her to concepisa
argumentation in a way that informed her gra
tice.

These examples from my research with aniti
tives in science education have stimulated gue
tions about the nature of teacher learning and
teacher change, which resonate with those
posed by Bell and Bert (1996) about teacher
development and which other authors have
taken up:

OWhat is the nature of teacher development?

2L aAGA2Y 2N NXaldgoup | f & Whatyfactars lizlR &nd hiader teicher develo

discussions. The presence of a rebuttal was a
significant indicator of quality of argumentation
as rebuttals force students to evaluate the dali
ity and strength of arguments. The focus was on
those episodes of studerdtudent dialogue
where thee was a clear opposition between
students, and the nature of this opposition was
assessed in term of the strength of rebuttals
offered.

Professional development materials building on
this research (Osborne, Erduran & Simon,
2004b) included teaching actiies, strategies

ment?

What model of teacher development can be
used to plan teacher development prograamsi
activities?

What teacher development activities promote
growth (Bell& Gilbert, 1996 pp. 9-10)

The following sections highlight some key dno
els and ideas that | have found particulanty i
fluential in understanding the nature of and
conditions neded for teacher learning. Insights
provided by applying such models have helped



to highlight ways in which the development of
specific practices can bring about change, hence
inform professional development programmes.

Teacher development models

Bell andGilbert based their model on a view of
learning that takes into account human déve
opment and the development of selentity,
social constructivism, and reflective and critical
enquiry. The model portrays teacher develo
ment as taking place in three Brtwined do-
mains, the personal, professional and social, and
identifies how progress occurs in each of these
three domains. What makes this model soerel
vant and enduring is that it arose from a study
where teachergeconstructedheir understaml-

ing of whda it means to be a science teacher in
fundamental ways.

The first stage of development occurs when
teachers begin to see an aspect of their teaching
as problematic (personal) and practicing inasol
tion as problematic (social), so they are Aot
vated to sek out and try out new ideas in their
practice (professional). As they progress in their
development teachers deal with feelings and
concerns that come about as they behavé- di
ferently, for example loss of control, insecurity
in subject knowledge, or undainty about how

to intervene, and begin to change their ideas of
what it means to be a science teacher (pearso
al). They also begin to see the value of calab
rative ways of working (social) and have donf
dence to develop their own ideas for classroom
pradice (professional). Progressing further in
their development teachers feel empowered
through increasing confidence (personal), they
initiate or seek out collaboration (social) and
eventually facilitate new kinds of professional
development activities (pfessional). The ot
tion of progression in this model can provide a
basis for teachers to evaluate their learning
within each domain, and how the three domains
are intertwined. In an account of how patrticular
teachers developed in the study, Bell and- Gi
bert identified the process of reflection as a key

condition for progression. Reflection hase-b
come an integral part of many other models, for
example as a fundamental process for stintula
Ay3d OKIFy3aSs |a Ay [ f
Interconnected Model (2002)In this model,
Clarke and Hollingsworth created a cyclia-ve
sion with different entry points, where change is
seen to occur through the mediating processes
of reflection and enactment in distinct domains:
the personal domain (teacher knowledgee-b
liefs and attitudes), the domain of practice (@r
fessional experimentation) and the domain of
consequence (salient outcomes). In addition,
the external domain provides sources of info
mation, stimulus or support.

Conditions for Teacher Learning

I have also foud the work of Hoban (2002) pa

ticularly useful in considering what is needed to

bring about teacher learning. In arguing for the
notion of a professional learning system, Hoban
identifies eight conditions that are needed to

bring about teacher learning. €ke include:

e a conception of teaching as a dynamicarel
tionship with students and with other
teachers where there is uncertainty and
ambiguity in changing teaching practice,

e room for reflection in order to understand
the emerging patterns of change,

¢ a ®nse of purpose that fosters the desire to
change,

e acommunity to share experiences,

e opportunities for action to test what works
or does not work in classrooms,

e conceptual inputs to extend knowledge and
experience,

o feedback from students in responseitteas
being tried, and

o sufficient time to adjust to the changes
made.

An evaluation of whether or not these cond
tions for learning are present in the context of
an innovation can provide the basis for planning
work with teachers. As Hoban points owin
their own, each condition is unlikely to sustain

I NY S



teacher learning, it is the combination of cand
tions that is important.

High Leverage Practices
¢Sl OKSNE&Q
riculum are determined by their own beliefs and
values. Sut interpretations have implications
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on the development of conceptual understén
ing at the expense of other, newer, curriculum
goals. How can professional devetoent ove-
come the obstacles to interpretation andne
actment so that intended learning goals are
realised?

Professional development programmes that
have focused on the introduction and inepl
mentation of highleverage practices (HLPs) in
teacher educatior(Windschitl et al.2010) have
been based on an evidenoeformed system of
learning opportunities, tools, and formative
assessments tailored to the needs of novice
teachers. Such systems and tools can lee d
signed to foster effective pedagogy over time.
The work has been motivated by the perceived
need to shift the emphasis from instructional
procedures and management strategies ire{pr
paring new teachers, towards valued classroom
practices that focus on student thinking and
learning. HLPs are grounded inpamtant leamn-
Ay3a 321 f a
learning and how novices learn to teach. \in
schitl et al (2010) envisage HLPs to be core to
ambitious teaching. My work with iservice
teachers suggests that this perspective rests on
aview2 ¥ W3A22R (S OKAY3Q
of behaviours learnt through the accumulation
of on the job experience, it is a product ofesp
cialised knowledge. HLPs are instructional-ro
GAySa GKFd YF{1S
they are practices that éal y O S
ing from a particular set of instructional steat
gies, and that help teachers learn about effe
tive teaching through their practice.

The identification of HLPs begins with the lear

ing goals for students. For example, in the
teachingof argumentation, specific goals have
been identified over many years of research and

Ay G SNLINB (i § A 2ofidicul@nT devélép@entA(Frduuy & SiRéned dz

Aleixandre, 2008; Khine, 2011). Depending on
the design of the activity, opportunities can be

relates evidence to theory, examine whether
evidence supports theory, generate counter
I NBdzYSy dax
guments, work in groups to evaluate andepr
sent evidence, and learto oppose a counter
theory by constructing counter arguments and
providing an explanation for why another the

ry is not plausible. My research in this area has
shown that three key aspects of argumentation
pedagogy to address these goals have consis
ently presented challenges for teachers in iept
mising the potential of argumentation activities:
planning and organisation of small group discu
sion, adopting a teaching role for introducing
and sustaining small group discussion thatfsca
folds argumentation ppcesses such as justdic
tion of claims and counteargument, designing
and interpreting argumentation materials that
can be used in lessons. These three aspects of
argumentation pedagogy can form the basis of
HLPs that teachers can use to achieve therlear
ing goals of argumentation. How these andh-ot

F2NJ addzRSy ( & >er faayures\abCGPB taNXkfsourzed and iitilizddSsy (i & Q

covered in the next section.

Sources of CPD
As mentioned earlier, the Science Learning-Ce

{ #ds in Engiand Yo@WHB CRDKcbuyseslfor liedk: U

ers, and these addressrange of needs, inctlt
ing subject knowledge enhancement, technical
aspects of teaching science such as practical

& (0 dzR S y pracedures,Kok §idreh fynBameditkl Spadagodical
& (0 deR S y (prdadiiced, SithNis formative assessment. €our

es may be just one day, or two to three days
over aperiod of time with teachers taking ideas
and activities to try out in their schools so that
they can reflect and subsequently feed back

SOl tfdz G§Sr- G KSANJ



ideas to colleagues on the course. A model of
professional development that entails teachers
coming out of school to &nd short courses
may be limited in its impact on pedagogy, even
though such a model is financially and organis
tionally the most viable. Recently the Centre
based in London has initiated outreach activities
in schools, in response to science departments
requesting such support whilst they attempt to
initiate fundamental changes in practice, such as
assessment, and these are tailored to be more
NEf S@lyd G2 GSIFOKSNEQ
scale research studies into the impact oft-ou
reach courses suggethat they are particularly
STFFSOGAGS Ay Sy3al ITA¥3
ingness to try new instructional practices.

CPD that is relevant to communities of science
teachers working in schools and supported by
strong leadership was found to be effeat in

an interview study | conducted with colleagues
in 2009/10 (Simon, Campbell, Johnson and-Sty
ianidou, 2011). The research set out to invest
gate the features in schools and science- d
partments that were seen as effective inrzo
tributing to the CPD ofearly career science
teachers. Ten schools took part in the study,
selected on the basis of their reputation for
having effective CPD practices. To gain different
perspectives from within the organisations we
conducted interviews with senior members of
staff, heads of science departments and early
career teachers. A thematic analysis of tine i
terviews revealed a wealth of practice, which
included a focus on broadening experience b
yond the classroom, having an open, sharing,
non-threatening culture and sysmic proe-
dures for mentoring and support that involved
ring-fenced budgets. The schools also deployed
staff judiciously in critical roles that model pra
tice and motivate early career science teachers.
Early career teachers were concerned primarily
with their overall development as teachers,
though some scienespecific examples such as
observing practical work and sessions to address
subject knowledge were seen as important.

Studies of how departments operate socially
(Siskin, 1994) suggest that quitdfdient env-
ronments can exist, ranging from collaborative
working and a commitment to shared goals, to
split departments where groups of teachers
have conflicting aims.

To promote effective CPD for science teachers, a
key source that | have found to hmarticularly
influential is the use of video. In the early
OPENS project on science inquiry | helped to

in-service package, and found that specifialpe
agogical practices could be very quickly unde
(i SoodDakidSaEteq with yedceMd poitrayled/irR
a filmed classroom setting. | became morenco
vinced of the value of video later when taking
part in developing the argumentation-service
raining package and video, called IDEAS- (O
borne, Erduran & Simon, 2004b). | ammncu-
rently developing more filabased materials for
CPD on a website based on the aforementioned
HLPs, which will be the focus of three pofe
sional development units: the planning and-o
ganisation of grous 2 NJ] = (G KS
argumentation, andhe design and interpret-
tion of materials. The development of the film
material and subsequent professional deyglo
ment tasks has involved close collaboration
between teachers in the schools associated with
the project, a specialist film production comyp
ny and the project leaders. A key feature &-u
ing films of teachers in effective professional
development is the use of naturalistic teaching
settings (Hatch & Grossman, 2009) and so this is
an important aspect of the website. The nature
of filming in a néuralistic setting is always pbe
lematic, and three filmed lessons were required
in order to capture a sufficient range ofeel
ments of groupwork and argumentation that
were essential to the successful design of the
professional development tasks. Theree
teachers involved in this stage of the project
had taken part in previous projects related to
argumentation and were well versed in the skills
needed to establish and maintain effective- a
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gumentation activities in science lessons and
were familiar with nuch of the literature and
resources that support this pedagogy.

Conclusions

A major question relating to the topic | have
presented here is how can we know whether
CPD has been effective? My main concern over
the years has been to answer this question
through the behaviours of the teachers the
selves, for example, as shown in Simon et al.
2006. However, it is clear that any real impact
must be evidenced in how the CPD hasuinfl
enced student outcomes. Adey and Shayer d
voted many years to establishing esitte for
the effects of cognitive acceleration (Ad&y
Shayey 1994;Adey, 2004). Their evaluation of
professional development was not focused on
individual teacher learning, but on sustained
implementation by science departments. Such
an enterprise requies many resources, and yet
still does not provide a direct causal linlke-b
tween CPD and student outcomes. A congers
tion with Lee Shulman (November 2010) helped
to convince me that the distance between CPD
and student outcomes is so great that direct
links are very difficult (if not impossible) tose
tablish. | remain convinced that the best way to
judge the impact of CPD is through the beha
iours and perspectives of teachers, using analy
ical tools such as that of Clarke and I-Ho
lingsworth to measure growthn different d-
mensions (personal, professional and social),
and particularly in changes of salient outcomes,
that is what teachers value as outcomes ofgra
tice. Factors influencing individual teacher lear
ing become apparent through close contact with
teachers, and include motivation to want to
change, an understanding of the theoretical
basis of a new curriculum materials and teac
ing approach, and an appreciation of perceived
benefits for students.

Finally, one aspect of science learning that |
havekept in mind and communicated to telac
ers on many occasions during CPD programmes

is that of enthusiasm for the subject. | conclude
with two quotations that have enthused my
own science education journey that began 40
years ago, one for primary science amade for
secondary chemistry:

OWe started the year with a 'Seaside Room'.
Ready beforehand were displays of shelld-pe
bles, and sand; aquaria with live crabs and sea
anemones; seaweeds; boxes and tables fdr co
lections made during the summer holidays;
drawing materials, paper for labelling and a
selection of named specimengference books
and pictures (Conran, 1983, p. 18)

oDorothy and her fellow students made ol

tions of alum and copper sulphate from which to

grow crystals. Over the days that falled they

watched as the solutions slowly evaporated.
Gradually the crystals appeared, faceted like

jewels, twinkling in the light. Dorothy wase
OKIyiSR® WL gl a Ol LJidz2NBR
wrote, W6 & OKSYAAGNE |yR o0& ONZ
(Ferry, G. (1998) DorogtHodgkin, A Life, p. 8)
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1.2.2 Being a PROFILES Teacher: A Teacher’s View on Teacher Training and Continu-
ous Professional Development

Funda Tunaboyllwe a SKYSG | A1 YS{ darelidfodsnalibh, use this information and
Middle SchoglTurkey his/her knowledge effectively, and think critlea
ly rather thanhaving tocontent himself/herself
Recently, in parallel to developments in science  with one source of knowledgétextbook) and
education, we, as teachers, have reconsidered try to memorize information. The results of the
and revised our understanding of teaching and  science exams in our classrooms support,this
learning science. One of the innovative projects such that my students have learned how to
that guide us in ths reconsideration and rev search for information and generate solutions to
sion is PROFILES. The project has extended our the problems they face. These gains have been
vision in terms of teaching science and techno reflected in our sciece classroom andtudents
ogy. It has contributed to our profession by suggest theyenjoy whatthey nowlearn in sé
means of scientific and active learning. ence.
The value of the project, | thinkays its efficen- Recent developments in science educafi@s
cy in adapting a teaching method that is io-c well as the PROFILES projeetjuire the science
herence with the changing goals of scienceied teacher to design an interactive learning eénv
cation. The teaching method not only has shif ronment. During the PROFILES modulesd-

ed our teaching from direct teaching and pa opment and implementation, weeacherscan

sive learning to active and inquibased teah- achieve this through searching for socio

ing, buthasalso encourged us to be creative scientific contexts in local and in globaltua-

science teachers. tionssothatwe anSy Kl yOS add&RSyiaQ
The pace of developments ihe area ofscience hension and learning. Some teachersmeo

iS not easy tkeep up withand to teach to our plained it tooktoo muchtime to utilize mod-

students. | think, in the PROFILES project, we ules, but | think, the allocated time for modules
experience the most recent science education is appropriateto be able to implement them

reform while learningthrough continuous pro- effectively. To use the time effectively and to
fessional development programes for teaching implement the modules completely arboth

in our classrooms according to PROFILES: | b  important for the promotion of the targeted
lieve that if we expect our students to be stie skills and for tke longterm learning. Additionka
tifically literate citizens, we should promote the ly, it allows students to participatie the lesson,
applications of the project in science education. as well agncreasetheir reading and searching
One of the important gains of the project | have  abilities. Modules also bringp socicscientific
realized is that during PROFILES moduies i issueswhich studentsfind familiar, but have not
plementation, | do not onlyguide students to thought about much. Thesociescientific issues
achieve cognitivebut also attitudinallearning are valuable because through soaoientific
outcomesin science teaching. The projectne issues, students face real liigsuesin which
phasises the use of sgice process skills. they can use theirnewly gained science
Through these skills, inquHyased science knowledge toreflect further on these issues
teaching, and sociscientific scenarig students ¢tKA&a |OUAOAGE AYONBlIasSa a
have anopportunity to gain a meaningfulin- motivation and students become active lear
derstanding of the nature of science. ers.

The teaching methods weare encouraged to In the PROFILES project, the selection agd d

use in the PRORIES project help students to sign of visual materials for science teaching is as
learn how to be persaswho can reéize up-to- important as the use of them. All the activities



in the modules are prepared in line with the
teaching goals andlgectives of the curriculum,
which allow our students to practice and ape
ate their science knowledge. The inqubrgsed
science teaching advocated witln project
modules,reinforce the use of upo-date infa-
mation and reflect realife. They provide ap-
proaches tothe science topics we teacWwhich
are concrete and related to life. Moreovethey
promote learning through steps which begin
from the easy and familiaand progresdo the
hard and critical issues. Modules were designed
in our case such that gy are appropriate for
iKS adGdzRSydGaQ
GKSANI £ S@S§
cio-economic context.
The PROFILES project enhanogost of our
skills as science teachers. For example, during
continuous professional deelopment wok-
shops, our creative thinking, problem solving
and designing sociscientific learning envinmo-
ment abilitiesare supported intensively. During
the implementation of the modules in ourisc
ence classrooms, | have realized that the most
important task to promote longerm learning is

to create a high quality learning environment. In
0KSaS fSINYyAy3
motivation to learn science increases. Themu
ber of students who participate in small group
discussions and brain stoing increase con-
AARSNIofed L 20aSNBS
such as decision making and scientific inquiry
have improved.

| believe that the PROFILES project should be
disseminated and implemented to keep pace
with the recent developments in sciemcand
science education. The project reinforces
awareness of the need for science education. |
have realized that the project is constructivist in
y I G dzNB
tion. More importantstill, the project is open to
developmentsand innovations. It allowene to
integrate new and innovative ways of teaching
and learning science into the modules in an
organized and proveto-be effectiveway.

The visual materials that we used in PROFILES
modules as well as the teaching methodsica
techniques are selected and implemented to
AYONBI &8s alidzRSyiGaqQ AYGOGNRY
meaningful learning. Gnof the most valuable
parts of the PROFILES modules is the scenario.
The senario draws the attention of the st
dents to a real lifeassueand asks them to argue
based on evidengewith the science evidence
gathered in diverse ways such as search, data
collection, observation etc. Students can study
on a sociescientific problem: search about it,
makeinferenceon solving the inherent scientifi

RS @St 2 LIYdugsiioh basedO énl- dbbeatiGhNand @xped & >
2T Yl G SONA I tmemtsd Siscisy Bnd (céh@uded StideraoQa a

learn to engage irsocioscientific argumerd-
tion in the PROFILES project. While arguing, they
use tables, diagrams, graphs and visuals @ su
port their arguments. The awmentation po-
cess encourages students forther engagein
learning science.

{G0dzRSyiaQ | OFRSYAO p- OKAS@S
tions of inquirybased learning areassessed
through surveys. According to the datab-o
tained after PROFILE&pplication, science and
technology lesson wv& become enjoyable and

Sy @A NZB Y Yibqyi-baged fedrmng Skilléh sdertsyhizdlA y & A O

increased.The PROFILES project enables- st
dent to be more active thaevenhis/her teah-
er in the learning process. Thus, during the

U Helariiing Yracesstiiddnis S inéostant @k £ A G A S &

munication with other students and takon
more responsibilityfor their learning

The limitations of the project in terms of science
teaching are, | think,

a) the time allocation for a topic in the curtie
lum is not the samasin the projed;

b) the questionnaires argoo long and time
consumingfor students to complete My su-

YR SYKEyOS a4l doefs/cinip@inetl dbduk tiedhunikier NETHoDds LI

in the questionnaires, and the existence of sim
lar questions. | think these complaints should be
taken into consideratio since it would affect
the results. The questionnaireshould be
adapted to the age and developmental levels of



the students so that we can get more accurate  crease the diversity of modules. By this way, the

and reliableoutcomes project applications might be disseminated.

My recommendationsis to have a teachd® a Throughthe PROFILES project, | believe, science
guide where all modules are tlected in a book education in our classrooms more interesting
and all other modules from different countries and active since it increases attention and mot

in the project might be in the same book to-i vation of students. It is an important project for

the achievenent of scientific literacy.

1.3 TOWARDS RELEVANCE, STUDENTS (INTRINSIC) MOTIVATION, LEARNING
OUTCOMES AND GAINS

1.3.1 Towards Relevance, Students (Intrinsic) Motivation, Learning Outcomes and
Gains

Olaf Koller, Leibniz Institute for Science and Mathematics Educa@Gamany

(To be added.)
1.3.2 Students’ (Intrinsic) Motivation, Learning Outcomes and Gains

Chrystalla LymbouridotiDrosia Primary School, ferentiated from extrinsic motivation, refers to
Cyprus the general tate, whereby students learn for
their own sake, rather than as a means to an
The goal of science education is to enhance all end that is not directly related to learning. In
a0dzRSy G aQ aOmiSintiidesgaing f AthisS Seihs€) dntrinsic motivation could beed

beyond the graspingof science concepts and scribed as Brophy (1988) defingas"a student
understanding the nature of sciencend to- tendency to find academic activitieseaningful
wards realizing the relevance of science and  and worthwhile and to try to derive the intended
technology to their lives anthe will to continue academic benefits from thengp. 205).

their science study in school or beyond (Natio

Ff wSaSINOK /2dzyOAf I mMpppt dzRSYliadRSY S G DRI Mapag I KR &8y 0

for learning and continuing to learn science  important role in their conceptual change @r

therefore fallswithin the issues that research in cesses, critical thinking, learning strategies and

science teaching should address. Failure ¢o d science leming achievement (Led 989 Lee&

GSt 2L OKAt RNBY Q& A ynd & NEBiophy 4996 RinfichSey &) 3993 Napiér & RA & S

power a generation of children in an era when  Riley 1985 Garcia& Pintrich 1992 Kuyper et

scientific knowledge is at the foundation of our al., 2000;Wolters, 1999, as cited in Tuan et.al

culture (Watters& Ginns, 2000). 2005). However, studies suggest that students
begin school with enthusiasmbut gradually

Motivation is defined as the internal state that settle into a dull routine in which interest ne

I NP dzaSax RANBOGA& behAR & dedsiph riyindizingitiledaRiggyity abOut presis

iour toward achieving certain goals (Gynn et al ly what must be done and risk (Brophy,

2006). Intrinsic motivation for learning, asf-di Rohrkemper, Rashid& Goldberger, 1983; Ha



ter, 1981; Lepper, 1983as cited in Brophy,
1983). This imagesicompatible with recent
studies that suggest that students are unwilling
to work hard toward achieving scientific unae
standing and spend their time and effort facu
ing on memorizing science vocabulaoy factu-

al information, rather than trying to achie
conceptual understandingThey rely on inaé-
guate explanation®f science concepts, distort
scientific knowledge to fit their existing
knowledge, mindlessly answering questions and
even copy answers from their texts or peers
(Barlia, 1999)

Selfperceptions of ability, effort, goal orieat-
tion, task value, sekfficacy, test anxiety, self
regulated learning, task orientation and learning
strategies have been identified as motivation
factors by several studies (Garcl®95 Garcia
& Pintrich 1995 Nden & Haladyna 1989 Pin-
trich & Blumenfeld 1985 as cited in Tuan et al
2005).

Goal orientation of students has been identified

and be engaged in making conceptual chaage.
(p.641)

Learning environmenisbased on construoti
ism, might address a range of the above-r
quirements. If eachlearner, individually and
socially constructs meaningas he/she learns,
then he/she does not passively absorb info
mation, but rather, is engaged in meaningful
learning by actively creating and modifying
his/her knowledge structures (Palmer, 2005).
Instructional strategiesbased on constructivist
theories therefore, are at least compatiblat a
theoretical level, with initiatives aiming tone
courage students to set and pursue goals for
themselves and give them some degree offi-co
trol over what they leam and how they learn it
This thus affecs goal orientation, task value,
selfregulated learning and task orientatiors-a
pects of motivation.

Inquiry-based learning environments are such
environments. Inquinbased learning refers to a
learning process iwhich students are engaged
(Anderson, 2002) and is defined as an active

as one ofthe key constructs within the self

regulatory system that contributes to a su- learning processd 4 2 YSUKAY 3 GKI G a
RSy(iQa 2@SNI fftsWithleandl ( A2y H2AWEHRGKA Yy 3 ( KNationdl & R?2
ing goals tend to be intrinsically motivated, Science Education Standards, NRC, 19981 ).

seeking understanding and a mastery of science Inquiry and constructivist teaching apprdess

content and skills, whereas students withrpe therefore, share many educational objectives,
formance goals tend to be extrinsically motiva such as emphasizing student construction of

ed, seeking to earn the highest grades and i concepts and the relationship between student

press their mstructors (Cavallo, Rozman, FOljdAAAGAZ2Y 2F O2y GSLIia |y
Blinkenstaff& Walker, 2003as cited in Gynn et velopment in the history of science (Abd EBKh

al., 2006). lick et al, 2004) and pomise the fostering of

The challenge for science education therefore is  motivation for students in terms of self

to find those ways that would engage students  regulated learning.

in the learning process, with a perception that
they are doing something valuable and mes
ingful for themselves, and that they have the
ability to do it successfully. As Tuan et 2005
cite: dWhen students perceived that they are
capable, and they think the conceptual change
tasks are worthwhile to participate in, and the
learning goal is to gain competence, them-st
dents will be willing to make a sustained effort

N ~

a
y

{GAtES GKSNB I NB OKFffSy3ce
active engagement, in terms of their willimgss

to do so.The value ofdence learning is a great

challenge that scierceducation has to address

G2 F2a0SN) a0dzRSyiaQ Y2idAdl
and the relevance of science knowledge in-st
RSyGaQ RIAf @&, amang&kersasNE Ay O
unique features that highlight the value ofisc



ence learning (American Association ftre
Advancement of Science 1998RC1996).

A primary conception of the relevance of stie
GAFAO 1y2s6fSRIAS | yR
utility: learning environments that promise to
connect scientific knowledge as a source that
can solve everyday prdblY & Ay
or which might explain several phenomena that
students confront in everyday livesnight be
ablel 2 RS@OSt2L) aGdzRSynmaQ
ing. However, the challenge is to find the right
balance between a#road intellectual unde
standing of the natural world and the scientific
way of thinking on the one hand, and the utility
of science for effective living on the otheif

the history of science educatiosuch asn the
early years of the Z0century, there have been
movementsin which curriculum developers had
gone too far in making sidct matter @elevanQ
and had forgotten the fundamental reason why
science was being studiedwhich was to po-
vide a broad understanding of the natural world
and the way it affected people'pasonal and
social lives (Digoer, 2000)

Another conception othe relevance of scie
tific knowledgeto & (i dzZRSy (1 Q &
zenship: students need to understand scientific
concepts related to contemporary controversies
that affect their lives, btialso conceptualize the
nature of science as a human enterprise that
produces entities affeatg the natural envirm-
ment, their health and soety in general. This
inevitably infuses other areastm science ls-
sons, adifferent social domains impinge ap
the decision making: religion, science, ethics,
politics, law and others (Aikenhead, 1985).

Science teachers usually spend more time in
transmitting facts and regard values as being
out of the scope of science teaching (Levinson &
Turner, 2001) Thus,traditional science instrct
tion has given a false impression of science as
the unproblematic collation of facts about the
world and makes controversies between scie

f A0Sa

tists (historical or contemporary) look puzzling
(Driver et al., 2000). However, there asneed
for a functional scientific literacy modelhich
should include personal, cognitive and moral

a (i devebophiedt,Osince a @8tdral pespectivg-$

wards education underscores the necessity to
appreciate students as moral agentgho are

a 0 dzR S yntindaly ilvah@®wihdheir own cultural, n&

ural and technological environments (Zeidler et

al., 2005, p. 365). This perspective could also

@onbtezStuden® ceating Beg (S betweenNJ
science and their lives and alsoable them to
appreciate the value of being scientifitetate

in a\Hociety of riskbApain, the challenge of fila
ing the balance between infusing ethics and
morals in science educatipwhile still achieving
the science education fundamental goals tela
ed to explaining the natural worlds a complex
issue @ pedagogy out of the scope of this @
per.

Summarizing, student motivation has beennde
tified as a factor affecting their conceptual
change processes, critical thinking, learning
strategies and science learning achievement.
Motivation is affected by ef-perceptions of
ability, effort, goal orientation, task value, self
effitaty, st &inxigtyf sefkfuilated learning,
task orientation and learning strategies. Science
learning environments,such asinquiry-based
learning environments which actively engge
students in the learning process and provide
them the space of selegulating the process
might affecta (i dzR $nititadioR factors. Fu
thermore, students might find science valuable
and be motivated to learnif they engage in
problem solving actii A Sa ¢ KS NB
in their everyday live is evident. Finally, sccio
scientific controversigswhich encompass me
als, ethics, politics and other societal factors
might enable studentdo create the link k-
tween science and several issues thahftont
usas current or future citizens.

40ASY
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1.4.1 Introduction into the PROFILES Project and

INSIGHTS INTO THE PROFILES PROJECT

Claus Bolte and Sabine Strelddfreie Univels
tat Berlin, Germany;

Jack Holbrook ICASE, UK;

Miia Rannikmae; University of Tartu, Estonia;
Avi Hdstein and Rachel Mamlok Naaman
Weizmann Institute of Science, Israel

Franz Rauch¢ AlpenAdriaUniversitat Ka-
genfurt, Austria

What is PROFILES?

PROFILES is one of a nembf European FP7
Fdzy RSR LINR2SOia Ay &KS
Gewe LG Aa | n &SI NI O2
tions project, promoting the adoption ofn{
guiry-based Science Education (IBSE).

Who is PROFILES?

PROFILES Consortium, consists of 20 (pia}
partner institutions from 19 (plus one) different
countries. One institutionc the University of
Karlstad (Sweden) has already been eopted

by the PROFILES Steering Committee and will
soon become a fulinember of the PROFILES
[ 2y &2 NI A dzYy
| 2ya2NIiAdzyQ 4 GKS SyR
What does PROFILES stand for?

PROFILES is the acronymPmfessionaReflec-
tion-Oriented Focus onlInquiry-based Learning
and Education throughScience.

What is intended by the PROFILES acrofflym
The acronym is a compilation of 4 majomto
ponents:

1. Professional aspect of PROFILES

¢ KS FANR{ profesdiomnbrd Bdo§niNA
es that teachers need guidance to changeapar
digms which could well be a feature in putting
PROFILES into operation. rAajor feature of

its Philosophy

countries involved in th

Figure 1. Partner

twhCL[9{ tNR2s0lQa /2y

PROFILES therefore is the additional professio
alization of teachers through continuous prefe
sional development (CPD). It also recognises
that the ultimate goal of PROFILES is teacher
ownership of the PROFILES approach anid ph
losophy.

ré fStbe PRAFLED S

3 ¥ I?eﬂeﬁtignp[qutpq_ﬁgcgs,\yﬁi}@ PROFILES
¢ KS
FILES, specifically recognises the concept of the
teacher as a reflective practitioner. In particular,
it sees reporting back on teacher classroom
interventions as an intgral part of PROFILES.
Within the PROFILES project, teachers, i pr
paring and undertaking classroom teaching, are
expected to operationalize the intended Bu
comes of their teaching and facilitate the pace
at which these outcomes are met for arc-a
ceptablenumber of students. This entails being

{j G@nversant with the ideas behind the PROFILES
modules and being prepared to meaningfully
modify the modules, should this be considered
necessary.

f SGOSNE WwhCQI O6AGKAY



. dzii
need to evaluate theisuccess in using a module
in their teaching, not simply in terms of theisc
ence knowledge gained by students, but in
terms of the manner in which all intended |@ar
ing outcomes, including student attitudes and
values, are promoted. In short, within ©R
HLES, teachers are guided to reflect on whether
the module is used in line with the expected
approach. The importance of this reflection, as
an integral part of the CPD and following on
from the classroom intervention by teachers,
cannot be underestimatedThe opportunity for
teachers to share their experiences with other
teachers is expected to play a major role iraen
bling teachers to better appreciate the PROFILES
intentions. It is also expected to be a maj@-a
pect of moral support in helping teachers t
minimise or overcome the multitude of ne
straints, which are likely to arise in embarking
on a change of paradigm in their teaching-a
proach and orientation.

While reflections by teachers on their practice
within PROFILES CPD meetings is expected, i
teractions between the CPD providers and
teachers, beyond the formal programme, is
encouraged as an aspect of networking. This can
be expected to lead to additional interactions,
perhaps within the school where the teachers
are employed, perhaps through classm ab-
servations by the CPD provider (subject ta-m
tual agreement) and possibly (where conditions
allow) videotaping of the teaching in action for
the purposes of aiding feedback to other ®R
FILES teachers.

3. Inquiry-based Science Learning (IBSL)
There shald be no question thainquiry-based
science learningIBSL) is at the centre of BR
CL[9{ GSIFIOKAy3ad LG oAa
nym which points out this aspect. Features a
sociated with IBSE are clearly adopted, as-int
gral to PROFILES, suclg as

e student centred teaching;

e posing a scientific question;

sé&nal appropch.

WwhCW O02@SNA YdzOK Y& NsBekifigkevidéncel fisrlad geceptdble QrisvieNA

to the question, and
e student gains, associated with the learning
activities.
However, each of these features needs further
clarification and support andhts is portrayed
both through the CPD offering and also the
manner in which teaching modules arenco
piled.

4. Education through Science the gateway

to enhancing scientific literacy
A further key feature of PROFILES is its interest
in student acquisitionof all competencies, or
capabilities seen as appropriate for sciencel-ed
cation. This relates to the last two letters in the
t whCL[9{ VyIlIYSZ
GA2y GKNRddzZAK a0ASyOSw

Education through science is a term used to
suggest educationsithe major focus, irrespe
tive of whether it is undertaken within science
teaching, or teaching within any other discipline.
This is based on the premise that science educ
tion is much wider than science knowledge and
even scientific processes. It alsocdanporates
the learning of a range of educational, largely
generic, attributes as identified within the
school curriculum.

{AYL}X @& Ldzi>s WSRdzOF A2y
teaching needs to focus on an appreciation of
the actual nature of science, the delopment

of personal learning attributes and the ddve
opment of social abilities, as well as scientific
conceptual development (Holbrookk Ran-
nikmae, 2007). And in focussing on these httri
utes, as they are delineated in the varioug-cu
ricula within partrer countries, it is further re-
ognised that studententred learning is anse
Ay GKS LINRB2SOi

What is PROFILES wishing to achieve?

The ultimate PROFILESgEt is to raise tedt

S NI aeffiéa&y farfd identify evidence of ow
ership of PROFILES for the gmse of enhance

W9 S@z06 K A OK

0 K NJ
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PROFILES aims at the following objectives, in

AOASYGATAOD

general:

Establishing close cooperation and netwaor

ing of the consortium with stakeholders
Through coordination of the CPD offered,
modules diseminated for classroom inte
vention, reflective practices by teacteerand
the establishment of sekfficacy of teachers

in operationalizing PROFILES, the project
strives to support consortium members and
iKS GSI OKSN&
practiceQ NB O23yAaAy3d (KS
of stakeholders and seeking their approval
for the PROFILES approach as an integpret
tion of their expectations.

Providing professional development (CPD)
and innovative inquirybased teaching p-
proaches to introduce mehods of, and
teaching modules for, inspired IBSE learning
and teaching, which feature specificallyeel
vanceidentified modules plus enhancement
and reflection programmes, linked to ctas
room intervention support. An extension of
the CPD is the introductivof PROFILES ideas
into preservice student teacher pr
grammes, particularly by enhancing science
educator awareness and interest.

Developing strong(er) teacher professiornal
zation, enhancing teacher seéfficacy and
promoting teachers taking evidencbased
ownership of PROFILES philosophical ideas
and innovative practiceshrough building on
an intervention, guiding teacher reflective
processes and aiding teacher initiating use
inspired research accomplishments, espkcia

Ay@2t OSSR

as.

Evaluating the outcomes of the interve
tion, linked to the CPD,through student
gains and student se#valuation, both in
terms of student attitudes towards the
teaching approaches, and their perception
of, and interest in, scieneeslated learning
and careers in the sciences.

Creating interactive local, regional, national
and Europewide teacher networkswhich
RIF & & (0 AWBZ Y dzy k H @ dzR2yFO S

O 2afd@&nhidénite to pfdrnotd IBSEAER Si-

ence teaching and hence raise their self
efficacy to teach in an innovative more
student centred, contexted IBSE manner.
Such netvorks alsoaid PROFILES adoption
through interlinking with established teacher
networks, including networking with other
innovative IBSE, science teaching projects.
Disseminating the PROFILES ideas, CRD m
terials, teaching modules and student ¢u
comeespeially the potential to provide ev-
idencebased outcomes from interacting
with stakeholder views; approaches to ntee
ing teacher identified professional support
needs; development of successful CPDdmo
els interrelated with classroom interventions
which lea to strong student motivational
gains, and models of effective teachertne
working that supports teachers sting for
PROFILES sefficacy plus building on this in
identifying evidencébased teacher maa+

ments to take ownership of PROFILES and its

further developments.

f A (j@tNpe@réddo the hiNiativelARSKIES i’ O f f &

How will the success of PROFILES be dete

mined?

Measures of success within the PROFILBS pr

ject are through determining:

(a) a high level of sekéfficacy established by
science teachers in operationalizing the
PROFILES approach in tfeessroom, and

(b) strong attitudinal gains by studentso-t
wards their learning though science e@uc

ly where these address teacher @traints in

operating PROFILES. Additionally, psefe
sionalization is enhanced through evidence
based teacher ownership, indicated through
such means as the use of reflective poiitfol
0s, creating motivational, IBS&cused PR-

FILES modules, disseminatioh BROFILES
ideas to other teachers and illustrating how
success can be enhanced through dissem
nated of outcomes from action researchopr
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tion in learning science). While IBSE has already been introduced as a
major feature of PROFILES, this project goes
What are students expected to learn through further and sees the need for the IBSE to be
PROFILES? WA § dRBYNDE G A 2y linvdviagd theRNA @Sy
The PROFILES teaching modules itelica student population as a whe). Thus, while the

range of student learning outcomes, expressed IBSE is studertentred (both in terms of the
across competencies which relate to 4 key thinking involvedoy the students, as well as the

learning areas: carrying out of the processesphajor additional
e conceptual gains in the domains of science; components are ensuring that students apprec
e skills acquisition at scientific and generic ~ ate why the IBSE is being undertaken and also
educational levels; that they feel they want to be involved.
e personal development attributes nal { G A Ydzt | viahtyigioWi K'Sa Y2 LYR & SR (i 2
 social interactions and values. Ay3a 06SOIdzAaS Al iddunigufg GKS (
feature of PROFILES and is effected by ao-intr
This is very much in line with the key compete ductory scenario, illustrating a familiar need for
cies, as suggested in DeSeCo reports (OECD, the learning and gding the students towards
2005), summarised here as: wishing to learn the science so as to better-u
Acting autonomously 6 | & & S NIi k RS T § yd¢rstand {he gitgation posed by the scenario.
rights, responsibilities, interests, limits, needs;  Thescenario is further described under thecse
form/O2 y RdzOG f A FS8Qa LI | ya tienprthethfepgtagamodel. | INP 2 SOG & T
act within the big picture/the larger context);
Using tools interactively(use language, text, 2. Meeting Student Needs; Realism rather
symbols interactively; use information/ than Positivism
knowledge interactively; use (new) technology = PRORES, in unison with other recognised @ra
interactively); tices, supports the relevance of building the
Functioning in socially heterogeneous groups f SINyAy3 FTNRY adGdzRSydaw L
(relate well to others; capperate; manage and constructivist manner(von Glasersfeld, 1978),
resolve conflicts). with students exposed to meaningful opportun
ties to construct their owrmeaning for learning,
What is unique about PROFILES? these being based on appropriate challenges

LY W{OASYOS /M RedeediPag y bhatditTwithin their WT 2y S 2 F LINMREA Y €
3238 F2N (KS (BQZ00ZNBa 2 T 0 IRQISky, 1978).

jor concern expressed, in relatioto science But in so doing, PROFILES additionally provides a
GSFOKAYAS Aa GKFEG WaOASHWYERIIAMSQaORrN2 AV IdREYFA K2 a ki
NEBt SOFyGé YR GRAFTTAOMN & & SR LibyipRetrRajopmaknbtdesd 2 Y S

these shortcomings, inquifyased science ed ognised by students prior to the motive being

cation is being promoted in a range of FP@-pr established). In this, PROFILES strives to move

jects, but little is said as to how this should-a away from positivist teaching (science education

dress isues of relevance, let alone make science  portraying science as giving the one, specific

learning easier. Thus, the question ariseshy FyagSNI Ay (GKS | OGQEDSR yRs |

should IBSE be any more successful within FP7 KSy OS a4 dzZRSyda o0SAy3I UGNIFAY:
projects, unless steps are also taken to address attempting to behave as scientists do and

the underlying issuesPhis required innovations achieving results that scientists have already

and the following areseen as unique to FIR achieved). Instead, PROFILES takes on a more

FILES. WNBFfAA0Q GASGHGLRAY(II 6 KSNI



(under the coulitions they find these) are taken
as real, have inherent value and are worthy of
their effort.

3. Education through Science

Through PROFILES, students are guidedpto a
preciate that the science learning component
within science education needs to be pafttbe
WNE I f G2NI RZQ | a ¢Sftf
important role science can play within this
world, plus the relevance of learning through
WaOASYOSQ F2N) t ATStizy 3
zenry and for preparing for meaningful careers.
In this way, PRFILES implements the approach
W9 RdzOF A2y (KNERJAK
third tier to the PROFILES philosophy and which
recognises that science education, to enhance
aGdzRSyGtaQ aOASYGATFAO
science content and skills.

4. The Thee Sage Model

Another and major, unigue feature of PROFILES
is the recognition that IBSE, even if haiwws is

not in itself, motivational for all students, or if it
is, the motivation tends to be driven by short
term situational interest (Bolte, 2001;rdpp,
2002; Streller & Bolte, 2010). This is especially
GKS OFrasS AF (GKS L. {9
prior constructs and seen, by students, as being
acquired for no specific purpose.

The PROFILES approach is thus to combine the
motivational IBSE, aealism approach to $c
ence, interrelating the science learning with the
real world and the need for an educational
thrust as indicated by the education through
science conception. This creates the PROFILES
three-stage model, which is put forward as a
crucial part of IBSE learning. The thistage
model is thus at the very heart of PROFILES and
seen as an important approach in dealing with
young adolescents, whereby the initial learning
of the science concepts is placed in a familiar
setting (giving the miive) and, very importan

ly, ensuring this setting is seen as relevant
6aA0AYdzZ FGAYy3a GKS Wgl yi

fAG0SNY O =

Stage 1 ofthemoddl & | NP dza Ay B & G dzRSy

sic motivation, undertaken in a student familiar,

socioscientific context (the context is th&oce-

ty, not the science curriculum or textbook). An

intention is to involve students in undertaking

activities that relate to a better understanding

of the issue (an issue seen by students as-rel

vant to their lives- not simply relevant to the

lcuiriculuny) antl WwakthyJ6f@redtedl dpgratiatienF G K S

¢tKAa fSFRa (2 addRSyidaQ

Wglt yia G2QY

(ah BrowWNabduy tHe> sciedde ddedd Wehind theS O A
scenario, and

(b) experience scientific ways (by either the

N.

{ OA Sy @&hefor therstiderns putidgNdfdard theék S

scientific questia) which form the basis for
inquiry-based science education.

Ad YdzOK @gARSNJI (KL
Such motivation is utilised to encourageust
dents to strive towards identification of the
scientific question from which the IBSE evidence
gaining experiences follows and hence thé sc
ence idas are acquiredHere it is important to
note the initial motivation is to assist in the
learning of the sciencg motivation is not an
end in itself the science ideas are previously not
known).

f Stto MEGRLES, idtivatbeizs thisRikeyZodhizR Sy G &

nent for studentcentred involvement, both in
deriving the scientific questions (undertaken by
students assuming this is within their zone of
proximal development) and in deriving the tou
come from evidence gained.

The motivation is intended to start with a ear
fully worded title (only terms familiar to the
students are used) and a scenario, purposely a
surprising phenomena in the nature or of the
students everyday life or sockrientific issues
so as to relate to the life of the students are the
starting point of PROFIEEeaching and learning
conception. In this manner the context of the
scenario is carefully chosen so that the scientific
ideas are embedded and the actual science
component of the learning begins when these
are decontextualized (Holbrook Rannikmae,
G2Q0 o0& &addzRSyidao



2010 from the initial context and IBSE isrpu
sued.

In facilitating the move to the % stage, the
initial motivation forms a key launching pla
form for the intended science learning. It seeks
G2 RN} ¢ UGUKS addzRSyldaQ
about deficienciesni their science knowledge
which inhibit them from their desire to unde
take a meaningful discussion, related to the
scenario. This facilitates the posing of the seie
tific question or questions intended for invest
gation.

The intended IBSE stagésZxpected to sustain

the motivational learning from stage 1 and to
meet learning outcomes that relate to science
cognitive gains, operationalisation of scientific
process skills through the intended inquiry
based learning, developing personal attributes
(for example in terms of creativity, showing
initiative, perseverance, safgorking and ide-

GAFTAOFGAR2Y 2F NRAE&Al&ULZ
social development through collaborative
teamwork.

Thus stage 2 is the major science learning stage
and can be expecteid take up the major tede

ing time allocated to the module.

These processes afacilitating the move to the
3 stage There the outcomes from the IBSE
learning and the range of associated scientific
concepts, which the teacher feel are important
to inclwe, are in need of consolidation. This
consolidation stage can be enacted through (for
example) interpretation of the IBSE outcomes,
presentation of the findings and discussion on
the relevance and reliability of the outcomes.
But further, the consolidatio can be facilitated
by encapsulating the science learning into a
socioscientific frame. This strongly promotes
attributes associated with acting autonomously,
using tools interactively and functioning imw-s
cially heterogeneous groups (OECD, 2005).

For sage 3 of the modelthe consolidation of
the conceptual science is given relevance by
including the science ideas back into the secio

scientific scenario which provided the initial
student motivation. It enables the students to
reflect on the issues, wil placing the newly
taught science alongside other attributem-i
portant for participating in argumentation ed
batds,(ir8le/ glayiggyor dis@ussianKta yidrive yad
justified, societyrelevant decision shared or
considered as reasonable by the grown up.

How does ROFILES function?

PROFILES functions via complying with work

packages, for which the main components are:

1. soliciting stakeholder views;

2. meeting teacher needs via continuous
teacher professional development @r
grammes (CPD);

3. undertaking classroom intervetns using
PROFILES modules;

4. soliciting student motivational gains;

5. enhancing teacher networking;

6. striving for teacher ownership of PROFILES

| v Read ahdioperatichPmétdddsS and G dzZRSy (1 & Q

7. disseminating insights, outcomes and gfo
ucts (e.g. learning and teaching matdsi) of
PROFILES.

1. How are Stakeholder Views Solicited?

A major thrust within PROFILES is the irsrolv

ment of stakeholders and interactions between

them. PROFILES seeks to bridge the gap b

tween different groups of stakeholders (such as

science education searchers, teachers, st

dents or scientists) and local actors by sugpor

ing a stakeholder network and facilitating -co

operation.

A first step so as to reach this aim is fostered, by
collecting views of stakeholders, redarg a

desirable inquirybased sience education wh-

Ay GKS LI NIy SNAER ®EmOBodzy G NA S 3
this, consortium partners collected views from

more than 2.400 different stakeholders and set

out to involve them in discussions regarding

L.{9 o6& YSlIya 2F | MWLYGISNy
ricdzt F NJ 5Sf LKA {{ddzRé 2y {O
(Bolte, 2008; Schulte & Bolte, 2012). TheOPR

FILES Delphi Study is designed to poll stakiehol
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related rounds and to provide the participating
stakeholders with feedbaclegarding outcomes
from each round by means of compiled and
analysed stakeholder statementsifstone, &
Turoff, 1975;Haul3ler et al] 1980; Bolte, 2008;
Schulte, Bolte 2012).

More and detailed information regarding the
involvement of stakeholders in the ROFILES
project and about the International PROFILES
Delphi Study on Science Education arevjated

in Chapter 1.4.2

2126 INB (SIFHOKSNna ySS
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Teachers involved in the project are supported

by a carefully devised, one year contous po-

fessional development (CPD) programniSee

Chapter 1.4.4Taitelbaum et al., 2008Harrson

et al.,2008)

The PROFILES CPD courses relate to 4 naain fe

tures.

1. Teacher as learner

2. Teacher as teacher

These two features are important to support

teachess in promoting student interdisciplinarity

and student centred teaching processes. The

first offers support to teachers by providing

opportunities to upgrade their science

knowledge, especially in the newer science-to

ics emerging in the 2icentury, butalso to offer

an interdisciplinary science background where

appropriate. The second promotes teacheopr

fessional content knowledge (PCK) against- pr

viously identified teacher needs, in areasneo

sidered important for PROFILES teaching.

3. Teaher as eflective practitioner

Based on the classroom experiences in @per

tionalsing PROFILES in the classroom, acrefle

tive teacher is expected to facilitate meaningful

PROFILES experiences for themeslves and other

teachers by:

consider their strengths and weaknessas

handling PROFILES modules;

it KNBE&

shaying theidSgbR £y iad experfedceswithl S
other teachers and hence seeking forpap-
tunities to raise their seléfficacy;
suggest ideas for improving performance,
time management, PROFILES modules and
determination of studet gains;
seek alternatives ways to raise their das
room environment, to increase their tehe
Ay3d NBLER2NI2ANBS I yR-
entific literacy;
support other teachers in developing a
PROFILES task culture and motivational
learning atmosphere, @ecially with e-
R dspedt dd ddihthg BROFILES lyKeh fodules,

which take into consideration (potential)

cultural and gender differences and/or

needs.
While the sharing of experiences on a regular
basis is intended to be a key feature of CP® pr
grammes, the shamg can take place beyond
faceto-face meetings through causal intera
tions, online exchanges or presentations im-ot
er teacher gathering. Hence in the PROFILES
project, teacher networking is seen as an-i
portant vehicle for sharing reflections.
4. Teacher ateader
The highest level of PROFILES operation lfteac
er as leader) is the teacher taking ownership of
the PROFILES philosophy and approaches. This
target, on the one hand, sees teachers being
sufficiently appreciative of the PROFILES ideas
to be able andwilling to guide other teachers
concerning the aspects and criteria of the@?R
FILES CPD programmes, maybe by running se
inars, workshops or presentation for others
(such as for preservice or irservice teachers).
¢CKAA Aa oKFG twhcCclUdaB®{ SN
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opportunity to explore PROFILES in operation in
more depth via, for example, cases studied; co
lection and exanmmation of student portfolios (e
portfolios) or undertaken aspects of actioe-r
search, especially related to overcoming onmi
imising the inevitable teaching constraints as

a2



well as the dissemination of findings, products
(e.g. the PROFILES modules) and ro#ieOFILES
outcomes ¢ee also: Hofstein et al., 2C1RId-
stein et al, 2003.

3. How is PROFILES used in IBSE Teaching?

In initiating PROFILES teaching, teachers are
guided by PROFILES teaching modules. The
modules are firmly based on the developments
ina NBE@A2dza Ctc
(www.parsel.ej. PROFILES type modules have
the following characteristics:

A front page highlighting the title of the md-

ule, the age range of students for which it is
intended, an &stract of the module, sections
included, learning outcomes within compete
cies covering (within the specific intentions of
the module)g conceptual science learning, skills
development, personal developments and social
issues, plus the intended numberlessons.

A student script which includes the scenario for
the module and student activities or tasks.efh

se activities or tasks relate to all three PROFILES
stages without sulglivision, as such stages are
intended to be invisible to students thus giving
the intended impression that a PROFILESI-no
ule is one continuum. The student script may, or
may not, include student worksheets (depkn
ing on the type of inquinyearning intended or
whether students are involved in designing the
worksheets).

A teacher gide is also included to enable the
teacher to be more conversant with the imte
tions of the author(s) who developed the who
ule. This is important as teachers are expected
to modify the way the module is handled in the
classroom to best suit their studentnd clas-
room environment.

Some modules may also include suggestsd
sessment strategiesto assist the teacher in
handling formative assessment feedback during
the teaching, especially in the areas of non
cognitive learning.

An additional section oteacher notesmay also

be included to give teachers more background

related to the module, and possibly references
and alternatives to assist the teacher.

4. Teacher Ownership of PROFILES

Teacher ownership is the ultimate PROFILES
goal, identified not only by teacher showg
strong selefficacy and being sel&flecting in
their teaching, but also through seeking ways to
provide evidence that is truly recognised as b

LINE 2 S O Ig iy Ine\&itR thedPRORLES &pproach and is

appreciatal as a step forward for scienceatth-
ing (see Chapterl.4.4).

A teacher exhibiting teacher ownership can be
expected to provide tangible evidence of this in
a variety of ways, such as:

¢ Developing, adopting and modifying and/or
evaluating PROFILES modules as well as
meaningfully promotingthe outcome to
others;

e undertaking and disseminating cycles of
reflective activities identify, plan a possible
solution, enact the plan, reflect on the tu
come (which may result in the initiation of
further follow-up cycles) for example by
means of actin research;

e establishing and evaluating student parif
lios/ e-portfolios illustrating student lear-
ing andg if possiblec their motivation;

e case studies of selected students or classes
via videotape or podcast documentations,
etc.,

o reflective teacher ad/or student questioi-
naires or interviews;

e LJ2AaGSNI 2N 2N f
conferences;

e running PROFILES seminars for other-non
PROFILES teachers;

e being or becoming a PROFILES CPD provider
for new and further teachers interested in
PROFILES;

e involved in promoting PROFILES to -pre
service teachers;

o facilitating teacher networks at the school,
local, regional or national levels;

LINB &Sy
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e creating PROFILES related publications in
teachers newsletters or science teachers
journals at the local, national, or &tna-
tional levels.

Teacher ownership can be enhanced by teac
ers taking the lead in planning and making &vai
able CPD courses for other teachers in a school
based, or informal manner, actively supported
by the PROFILES partner to ensure continuity,
suppot, gaining feedback from both the telc
ers involved and the students and by enhancing
interaction with andawarenessamong other
stakeholders regarding the PROFILES project.

The degree of teacher ownership can be dete

mined through:

o the extent of materi& outputs (portfolios,
videotapes, case studies, etc) geared to
adopting reflective practices on PROFILES
ideas;

o the effectiveness of the training undeka
ing, monitored through teacher feedback;

e monitoring positive attitudes to PROFILES
approaches and owobmes as expressed
through reflective practices, networking
among teachers at local, national and-r
gional levels;

e the number of disseminated articles.

5. Determining Student Gains

While it is valuable to seek student cognitive
gains, it is recognized thatithin a 46 lesson
module, enabling limited science learning, the
literature shows that identifying meaningful
cognitive gains in such a short time period is not
really feasible.

With this in mind, the PROFILES steeringi-co
mittee agreed to concentrateroone attitudinal
instrument,an nstrument for analysing/otiva-
tional Learning Bviroments (MoLE)in science
classes (see also Chapter 23)e MoLE instr
ment, translated into the local language, is used
to collect student data within the frame of a
pre-postintervention design. Reports on the
results from the evaluation within a partner

country are expected to be shared acrossco
sortium partners and act as a stimulus for-fu
ther developments and in interactions with
stakeholders related to the success PROFILES
in meeting stakeholder intentions. Some results
will be presented in the frame of the PROFILES
1* International Conference and are to be found
in this book (e.g. Albertus, Bertels, Bolte, 2012).

6. Establishing Teacher Networking

The establishmg G 2 F | t whCE[ 9
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operating on a local, regional national ou-E
rope-wide scale, is a further feature of PR
FILES. The majority of partner countries are
building on already existing teacher and scho
networks as well as networks at international
level, which are extended through network
meetings.It is expected that PROFILES practices,
successes, professional support models and
created teaching modules will be disseminated
via these networks, bothni the national la-
guage and through English in a wide range of
European countries for use and adaptation by
other teachers and teacher educatoiRguch &
Scherz, 2009Altrichter, Rauch & Riel3, 2010
see Chapter 1.4.5.
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7. PROFILESd3emination

The dissenmation of PROFILES approaches and
products, reactions from a range of stakethol
ers and insights from associated research and
evaluation form a further key project target. The
intended outcome of PROFILES is scienceaeduc
tion become more meaningful to studss,
more strongly relatd to 2F' century science,
more associated with generic education and
especially promoting and enhancing IBSE in
school science.

Two PROFILES Newsletters have already been
prepared and disseminated (see
http://www.profiles-project.eu/Newsletters/
index.htm). A lot of PROFILES partner ingtit
tions translated them into their local language
and disseminated them among teachers and


http://www.profiles-project.eu/Newsletters/%20index.html
http://www.profiles-project.eu/Newsletters/%20index.html

stakeholders. The next volumd the PROFILES 10. ltaly: Universita Politecnica delle Marche

Newsletter will be published in October 2012. (Liberato Cardellini);

11. Latvia: University of Latvia (Dace Namsone);

12. Poland: University of Maria Curie
Sklodowska (Ryszard Maciek daini

13. Portugal: University of Porto (Joao Paiva);

14. Romania: Valahia University N NBH 2(@A 6 ( S
briel Gorghiu);

15. Slovenia: University of Ljubljana (Iztok

To date,15 articles have been published in local
and international journals (see.g.Bolte et al.
2012a; 2012b; Bolte & Streller, 201Bylte et al.
2011; Keinonen & Hartikainen, 2011; Kyza &
Georgioy 2012 and more are to be encou
aged. Already the PROFILES idea has been circ
lated at various national and international rco

ferences (e.g. Scientix 2011, Brussels (Belgian); Dev'et.ak); _ , _
ESERA 2011, Lyon (France); GDCP 2011-Olde 16. Spain: inver5|ty of Vallalodid (Angela
Gomez Niuo);

burg (Germany), IOSTE.NW 20Linerick (k-
land), ICCE 2012, Rome (ltaly), or GDCP 2012,
Hannover (Germany)), and again more prese
tations are planned and will be offered in the
near future (e.g. IOSTE 2012 in Tunesia, NARST
2013 in the USA, ESERA 2013 in Cyprus etc.).

17. Switzerland: University of Applied Saies
Northwest Switzerland (Peter Labudde);

18. Turkey: Dokuz Eylul University (Bulerd-C
vas)

19. ICASE, UK: International Council of Associ
tions for Science Education (Jack Holbrpok)

20. Sweden: Karlstad University (SNu Chang
Rundgren).

Who are themembers of the PROFILES conso
tium?

The PROFILES consortium currently consists of
20 (plus one) partners from 19 (plus one) diffe
ent countries (status quo: August 2012; see
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1.4.2 European Stakeholders Views on Inquiry-based Science Education ¢ Method
of and Results from the International PROFILES Curricular Delphi Study on
Science Education Round 1

TheresaSchulte andClaus Bolte Freie Univels of different stakeholdersand to take into a-

tat Berlin, Germany count their views and opinionsAn important
aspectis in this regard theneed to establish an

Introduction exchange between the different groups involved

The current situation of science education and  with the sciencs andsdenceeducation such as
the importance of a scientifically literate society  students and their parents, (school) policy kna
is in the course of international comparative ers, sciences teachers, science teacher trainers,

studies such as PISA and TIMSS isangly science education researchers and scientibts.

discussed OECD, 2001, 2004, 2007, 20A&)th this way, PROFILES seeksatd NA RIS (KS 3
respect to the discussion about deficiencies, between the science education researchnco
shortcomings and inadequatenesstire field of YdzyAGes &aOASyOS (Sl OKSN&

science education and the regarding educational (PROFILES Consortium, 201P2he particular
mandate of general school education, science  value of involving different stakeholders is in
education researchers express wide consensus disseminating their views sthat they can e-
about scientific literacy being the central aim of  flect on ¢ perhaps different¢ points of view.
science education(Graber & Bolte, 1997; Furthermore, this allows for a stronger cooper
Graber, Nentwig, Kobal& Evans, 2002) tion betweendifferent stakeholder groupswith
PROFILES aims at disseminating a modern u  regard to the aim of the PROFILES project, the
derstanding of scientific literacy, encouraging  particular value of involving stakeholders is
new approaches into the practice of science  moreover in stakeholders being partners in the
teaching and facilitating an uptake of inquiry development, evaluation and dissemination of
basedda OA Sy OS SRdzOI GA2Y 0L th¢ SrajectsiactkitieR dud ButcodgRRDKINVES
the selfefficacy of science teachers to take Consortium, 2012) Stakeholdes are initially

ownership of more studentelevant ways of involved by taking into account their views and
G S| OKBblg H.4a., 2011,.0). A key comp- opinions on scientific literacy and meaningful
nent is in this respect thdevelopment of lean- science education. Especially with a perspective

ing and teaching materials as well as the deve beyond the national contexts, this aim is an
opment and organization of teach&rQ / d-5  LaNdbitious task.

grams An important consideratiorfor realizing A systematic approacto involvinga wide range
these aims ishus the involvement and support of stakeholders andbringing together their



views and opinionsis offered by the Delphi
method (Linstone & Turoff, 1975)a method
that promises specific insightabout aspects
that are diffcult to determine and to pedict
(Hader, 2009) For this reasonall PROFILES
partners carry out a curricular Delplstudy
(Bolte, 2008; Haulte Frey, Hdimann, Rost, &
Spada, 1980; Mayer, 1992; Osborne et al.,
2003) collecting and analyzing in three congec
tive rounds systematicallytheir stakehotlS NB& Q
thoughts and opinionsThe purposeof this In-
ternational PROFILES Curricular Delphi Stuay o
Science Hatation is to engagén all PROFILES
LJ- NI y S NE diffef@it degkéhhiikrShim
science or science education redd areasin
reflecting on contents and aims of scienceued
cation as well as in outlining aspects ang- a
proaches of modern &nce educationln this
respect the PROFILESr@Geular Delphi Study on
Science Education offecemprehensivansights
into the set of opinions of &ierent stakeholders
in societythat are concerned witlihe sdences
and science education (students atiteir par-
ents, (school) policy makersciences teachers,
science teacher trainerscience educationer
searchers and scientists) all PROFILES par

2. What kind of differences or agreements can
be found between different stakeholder
ANRdzLJAQ 2LIAYAZ2Yyak

Method

The overarching aim of a Delphi study is td-co
lect the views and the knowledge of stakethol
ers (‘experts’) from diffent areas and classify
them in a systematic and appropriate way
(Hader, 2009) The results of Delphi studies
serve to gain insights about aspects that are
difficult to predict. In this way, the results @
vide ¢ derived from these predictiong guid-
ance and support for the accompiment of
tasks and the realation of goals. The Delphi
method is characterized bgeveral distinguis
ing features(Linstone & Turoff, 1975)in ge-
eral, aDelphi study involvesa fixed group of
participants ("experts’) who are asked about a
certain topic in several consecutive roundg: A
ter every round, statistally confirmed group
answers of the respective preceding round are
calculated and fed back to the participants.
this way, the participants are, in the light of the
GASYSNIfté¢ 2LAYAZYS
general and their own opion and, if appcable,

6t S

02

YSNBQ O2dzy i NASa® ¢KS RSadjustof redfdrce dhiinopiniod. (Thmugh o8y I 6 f S &

not only individual analyses of each of theGRR
FILES pary S NE& Q
lows for comparisons on an imaational level.
In the following parts, the method, the pree
dure and selected results from the first round of
the International PROFILES Curricular Delphi
Study on Science Educatiam general and of
the study caried out by the working group at
the Freie Univeigit Berlin (FUB) in particular
will be described.

Research Questions

In the first round of thelnternational PROFILES

Curricular Delphi Study on Science Education,

the following questions are addressed:

1. What kind of opinions and expetions
regarding meaningful science educatiox- e
ist among the different stadholder groups?

ailF1SK2t RSNJ

aspects, agradual cadensation of the general
qaestw ia ermsdofizibntent s &eAched. Ahet
er characteristic fature of the Delphi method is
that the partidpants interact and cooperate
anonymousy among each other throughout the
course of the study. This serves to avoid pattic
pants teing influenced or affected by particular
opinions of welknown or other individual pa
ticipants. The data collection, the analyses and
the reciprocal information @w are admirs-
tered by a central working groufHader, 2009;
Linstone & Turoff, 1975)As for the curricular
elements of this Delphi study there ae two
additional aspectsFirst the working group et
velops criteriafor selecting the participants
dealing with curricular nmigers in the course of
the study. Moreover, the general question is
specified within aformal question and @aswer
format (HauR3ler eal., 1980).



Open question:
three part
formatting

The PROFILES Curricular Delphi
Study on Science Education is

.| Free verbalisation of Selection and

structured into three rounds
(Fure 1).
The first round collects the

LJ- NIi A O apinibng (ot
aspects of contemporary and
pedagogically desired science

Statement bundies:

education accoding to the
formalized threepart question
and answer formatin three
open questionson which the

PROFILES Steering Committeg
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course of the quatative and
quantitative analyses orga-
nized, labeled, classified into categories (stat
ment bundles) and statistically evalted.

In the second roundthese categories aree-
ported back tothe participantsfor further as-
sessment.The participants are askedoth to
prioritize the given dagories and to assess to
what extent the aspects expressed by theezat
gories are realizeth practice. In order to idei

fy concepts that areconsidered important -
garding science education, the participants are
also asked tocombine from the given setfo
categoriesthose categoriesthat seem relevant
to them as a combinatian

These combinations are processed through h
erarchical cluster analyses in order to identify
concepts of meaningful science education.

In the third round the identified concepts ar
fed back to the participants foiurther asses-
ment from two different perspectives anal
gously to the second roundn a further step,
the participants are also asked to differentiate
their assessment among different educational
levels.The PROFILES &iag Committee agreed
on aiming at asample sizedf about 100 sta&-
holders per partner, comprising the following
four sample groups: t8dents (rF25), science
teachers (R25), science education researcher
(nF25) and scientists {25).

Figure 1. Method of data collection and data analysis in the Curricular Delphi
Study on Science Edton (Bolte, 2008)

Thecentral questionof the PROFILESurricular
Delphi Study on Science Educatistiormulated
as follows:AWhich aspects of science education
do you consider meamgful and pedagogically
desirable for the individual in the society of t
RFe YR AY
naire in the first round, this question is specified
within three open questiongollowing Hauller
at al. (1980) and Bolte (2007) The questions
refer to motives, situations and contexts for
science education, fields and methods students
should deal wth, and qualifications students
should acquire within science education:

1. Whichsituations and motivesan be taken
as a basis and in whigdontext should s¢
ence lessons be put in order to stimulate
and facilitate scienceelated educational
processes?

2. Which contents, methods and themeelat-
ed to science should be taught in science
lessons?

3. Which skills, competencies and attitudes
should be developed and enhanced topsu
port students in becoming scientifically wd
cated?
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Findings from the first round ofthe Interna-
tional PROFILES Curricular Delphi Study on
ScienceEducation

In the following part, first findings and ore
views from the international perspective as well
as selected results from theROFILES Curricular
Delphi Study on Scienéglducation condcted by
the working group aFEUBWill be shown.

In the firstround of the International PROFILES
Currcular Delphi Study on Science Education
carried out by 18 different partners of the PR
FILES mpject in their respective countries,pa
proximately 100 stkeholders per partner init
tution and all in all more than 2400 stakeholders
were involved (Table 1) In the course of the
qualitative analysesdifferent final classification
systems for the analysis of the respective parti
AL yiaQ
from category systemswith 26 categories to

category systemwith 165 categories.

The working group aFUB developed in the

course of the qualitative analysia classification

system for the analysis2 ¥ G KS &adGl 1 SK2f
statementsthat contains 88 categories regar

ing desirableaspects of science educati¢Bolte

& Schulte, 2011)seeTable3aand Table8b. The

inter-rater agreement Table2) for this classi

cation system was determined followirBolte

(2003) HauRle1980)and Mayer(1992)

In order to relate the esults from the first
round of the different PROFILES partners to
each other, the compatibility of the different
category systems among each other in terms of
content was compared. The FUB categorg- sy
tem was used as a reference point for thisreco

&0 G S YsBed, lranging S NJariséhafigliré® 2). The diagram in Figure 2 is

based on the comparison of the categoryssy

students | teachers |ed.researcher{ scientists | ed. admin.| others | total
FUB (Germany) 39 63 30 61 0 0 193
UTARTU (Estonia) 20 30 2 21 12 0 85
WEIZMANN (Israel) 33 35 25 23 0 5 121
UNHKLU (Austria) 27 48 20 20 15 0 130
CUT (Cyprus) 141 32 15 4 0 25 217
MU (Czech Republic] 138 30 28 25 0 0 221
UEF (Finland) 76 67 23 22 5 0 193
UCC (Ireland) 53 74 21 25 0 0 173
UNIVPM (Italy) 2 82 0 42 0 0 126
LU (Latvia) 30 35 22 20 3 12 122
UMCS (Poland) 30 41 21 25 0 0 117
UPORTO (Portugal) 9 38 2 0 0 19 68
VUT (Romania) 21 43 22 20 4 21 131
UL (Slovenia) 26 39 20 24 8 0 117
UVA (Spain) 61 22 22 21 0 0 126
FHNW (Switzerland) 42 38 23 0 0 0 103
DEU (Turkey) 29 50 26 21 9 0 135
UniHB (Germany) 27 26 25 14 0 0 92
Total 804 793 347 388 56 82 2470
Table 1. Sample of the International PROFILES Curricular DelphbSt8cience Education (datatus May 2012)
l. la: lb: . V:
Situations/ contexts/| Concepts and| Fields and perspge | Qualification | Methodical aspects
motives topics tives
q=.78 Qua= .82 Q= .70 qu=.74 Qv=.76
=.77

Table 2Results of the interater ageement after coding 20 questionnaired-UB



tems of 18 Delphi studies and shows for each
category the number of partners that employ
the respective category in their categoryssy
tem. The results show that despite varyiike-
grees of complexity and differentiation in the
category systems and different category labe
ing, all category systems largely correspond to
each other with respect to their category rco
tent. This verifies their applicability for the
guantitative analyss.

In the course of the quantitative analysekthe
first round all PROFILES partners determined
the frequencies of how often the categories
were mentionedin the respedt/e classification
systems oboth the total sample and the diffe
ent sample group. The different frequencies
provide a first impression about themghases
that were made by thespecificsamples. Cam-
paring the findings of the different PROFILES
partners distinctions as well as similarities can
be identified. In all PROFILES partneslits,a
tendency towards aspects related to current
interest, everyday life and Inquilyased Science
Learning came found. Furthermore, it can

be seen that despite common tendencies, the
subsample groups of the PROFILES partners
feature several distictions among each other
within the respective total samples.

Findings from the first round of the FUB BR
FILES Curricular Delphi Study on Science &duc
tion

Taking a closer look at the FUB results, the fo
lowing diagram (Figure 3) shows allitegories
that were mentioned rarely (£5% or particula

ly often (f>20%) by theFUBsamplein the first
round. As the methodical aspects feature only a
low number of cases, they are not included in
these considerations.

Figure 3 shows that 24ategories were me
tioned particularly often whilenine categries

were mentioned particularly rarelpy the pa-
ticipants in the first round of the FUB PROFILES
Delphi Study on Science Educati@onsidering

the total sample(N=193) an especially strong

focus is set on the caB2 NA Sa daSRAIl k Od
issueg 30 9 GSNERI®{ OAS¥FB8E4FAO Ayl
! OGAy3a NBTESOOSK

1y26f IRYIETEBRNGYER y3I 02y Of dza
FYR GWAdZRISYBYRNKY ALWYA2Y
A differentiated view on the category freque

cies of tle four different FUB sample groups is
displayed in Table 3a and Table 3b. The tables
show that besides common tendenciethe

sample groupsisodeviate in several cases from

each other regarding the relative frequency of
mentioning the categories.

The analges also show thahe groupof science
education researchersesponded inthe most
differentiated way, followed by the group of
teachers The responses of the group atien-

tists and the group ofktudentsare considerably

less differentiated. Regarding ehgroup ofstu-

dents it is noticeable that29 categories are
mentioned byless than 5% of the students or

not at all (cf Table & and Table 3krespective
categories put in italics). Especially the latter
consideration of these findings raises questions

that are to address in the second round; irrpa
ticular if those aspects that were only rarely
mentionedby the students actually reflect what

they consider unimportant, or are those aspects

only rarely mentioned because they rarelyepr

sent in regular sciemceducation(Bolte, 2008)



Applying knowledge, thinking creatively / abstractly
Acting reflectedly and responsibly

Everyday life

Motivation and interest

Scientific Inquiry

Analysing / drawing conclusions

Being able to experiment

Formulating scientific questions / hypotheses
Critical assessing

MNature / natural phenomena

Students' interests
Empathy / Sensibility
Social skills / teamwork

Communication skills

Human bioclogy

Environment

Health

Education / general pers. development
Finding information
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Reading comprehension

Working self-dependently / structuredly
History of the sciences

Ecology

Botany

Industrial processes

Society / public concerns

Perception / awareness / observation
Judgement fopinion-forming / reflection
Comprehension / understanding

Earth sciences

Mechanics

Electrodynamics

General and inorganic chemistry
Genetics / molecular biology

Zoology

Safety and risks

Matter in everyday life

Terminology

Chemical reactions

Science - physics
Science - chemistry
Science - biology
Occupation / career
Medicine
Mathematics

Astronomy / space system
Organic chemistry

Occupations / occupational fields
Food / nutrition

Cycle of matter

Matter [/ particle concept

Global references

Media / current issues
Curriculum framework

Ethics / values

Consequences of technol. Developments
Interdisciplinarity

Thermodynamics

Interaction

Science - interdisciplinarity

Intellectual personality development
Emotional personality development
Current scientific research

Atomic / nuclear physics

Biochemistry

Microbiology

Structure / function / properties
Knowledge about science-related occupations
Analytical chemistry

Neurchiology

Limits of scientific knowledge

System

Development / growth

Evolutionary biology
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Part Category Students Sc. teachers Sc. ed. e- Scientists Total
searchers

Education / general pers. Developme 13% 19% 40% 20% 21%

Emotional personality development 5% 8% 20% 7% 9%

Intellectual personality development 13% 14% 13% 16% 15%

Students' interests 21% 16% 20% 11% 16%

Curriculum framework 0% 10% 3% 0% 4%

Nature / natural phenomena 8% 29% 53% 16% 24%

Everyday life 46% 65% 87% 46% 59%

| Medicine / heath 21% 19% 43% 20% 23%
Motives, Technology 8% 29% 30% 28% 24%
Situations, Media / current issues 41% 54% 47% 52% 50%
Contexts Society / public concerns 15% 32% 53% 28% 31%
Global references 18% 35% 47% 28% 31%

Occupation 8% 10% 23% 2% 9%

Science;, biology 3% 3% 10% 10% 6%

Science, chemistry 0% 8% 7% 8% 6%

Science, physics 0% 5% 7% 11% 6%

Science; interdisciplinarity 5% 6% 17% 5% 7%

Outof-school learning 3% 8% 27% 11% 11%

Matter / particle concept 5% 17% 20% 8% 12%

Structure / function / properties 0% 10% 13% 3% 6%

Chemical reactions 21% 16% 27% 5% 15%

Energy 13% 29% 40% 21% 25%

System 10% 13% 13% 5% 10%

Interaction 8% 5% 23% 5% 8%

Development / growth 3% 2% 7% 7% 1%

Models 5% 13% 10% 8% 9%

lla Terminology 3% 5% 20% 10% 8%
Concepts | Scientific Inquiry 44% 57% 53% 26% 44%

& Limits of scientific knowledge 8% 5% 20% 7% 8%

Topics | Cycle of matter 8% 13% 27% 5% 11%

Food / nutrition 21% 21% 37% 20% 23%

Health / medicine 36% 24% 33% 23% 27%

I Matter in everyday life 8% 16% 30% 10% 15%
E Technical devices 3% 16% 23% 23% 17%
Environment 10% 38% 50% 21% 29%

||5 Industrial processes 3% 16% 23% 15% 14%
L Safety and risks 15% 13% 23% 8% 13%
D Occupations / occupational fields 0% 2% 17% 2% 1%
S Botany 5% 13% 13% 5% 9%
Zoology 8% 16% 13% 7% 11%

& Human biology 38% 25% 53% 15% 29%
Genetics / molecular biology 10% 8% 17% 18% 13%

T Microbiology 5% 5% 10% 16% 9%
o Evolutionary biology 5% 2% 10% 10% 6%
T Neurobiology 3% 2% 3% 0% 2%
Ecology 8% 13% 47% 8% 16%

c General and inorganic chemistry 5% 22% 17% 0% 11%
S Organic chemistry 10% 21% 20% 7% 14%
Fi'('etl’ ' [Analytical chemistry 3% 3% 7% 0% 3%

& Blocrr:emlstry 2;% :Ig% 23% ;3% 18%
Mechanics 13% % 7% 1% 13%

spitTves Electrodynamics 10% 16% 20% 26% 19%
Thermodynamics 0% 5% 3% 10% 5%

Atomic / nuclear physics 10% 17% 10% 16% 15%

Astronomy / space system 0% 3% 10% 3% 4%

Earth sciences 3% 3% 0% 7% 4%
Mathematics 10% 8% 7% 23% 13%
Interdisciplinarity 8% 16% 23% 16% 16%
Curent scientific research 3% 11% 20% 8% 10%
Consequences of technol. developm!| 10% 29% 33% 10% 20%

History of the sciences 3% 5% 10% 7% 6%
Ethics / values 8% 6% 30% 5% 10%

Table 3aPercentages of the categories mentioned in the first rogridtal sample and sample groups (FUB), part |
(data status July 2012)



Part Category Students Sc. teachers se. edérr:seare Scientists Total
Content knowledge 44% 37% 50% 33% 39%
Comprehension / understanding 18% 29% 50% 41% 34%
Applying knowledge / thinking abstractly 18% 32% 53% 30% 32%
;Jizggement/ opiniofForming / refle- 23% 41% 67% 31% 38%
Formulating sc. questions / hypotheses 3% 30% 40% 2% 17%
Being able to experiment 13% 37% 40% 8% 23%
Analysing / drawing conclusisn 21% 33% 40% 52% 38%
working seldependently / structuredly 26% 17% 20% 8% 17%

I(gualification Researching / finding information 0% 13% 30% 3% 10%
Reading comprehension 0% 6% 0% 3% 3%
Communication skills 18% 29% 40% 10% 22%
Knowledge about scientific occupans 5% 3% 10% 2% 4%
Perception / awareness 10% 21% 20% 13% 16%
Sensibility / empathy 3% 16% 17% 13% 12%
Social skills / teamwork 5% 17% 17% 2% 10%
Motivation / interest / curiosity 23% 24% 27% 21% 23%
Critical questioning 8% 44% 43% 20% 29%
Ading reflectedly and responsibly 26% 38% 63% 36% 39%
Cooperative learning 10% 11% 7% 3% 8%
Learning in mixeéged classes 0% 0% 0% 2% 1%
Interdisciplinary learning 3% 0% 3% 3% 2%

Il\\/llethodical Inquiry-based science learning 3% 8% 0% 0% 3%

Aspects Learning at stations 0% 3% 3% 0% 2%
Role play 0% 2% 0% 0% 1%
Discussion / debate 3% 11% 3% 0% 5%
Using new media 3% 0% 0% 5% 2%

Table 3bPercentages of the categories mentioned in the first rogridtal sample and sample groups (FUB), part

Everyday life 1
Media / current issues 1
Scientific Inquiry
Acting reflectedly and responsibly
Content knowledge
Analysing / drawing conclusions
Judgement / opinion-Forming / reflection
Comprehension / understanding
Applying knowledge / thinking abstractly
Global references
Society / public concerns
Critical questioning
Human biology
Environment
Health
Energy
Technology |
Nature / natural phenomena
Motivation / interest / curiosity
Being able to experiment
Food / nutrition
Medicine
Communication skills
Education / general pers. development
Knowledge about scientific occupations 1

Earth sciences
Astronomy / space system 1
Occupations / occupational fields
Development / growth
Curriculum framework |
Reading comprehension
Analytical chemistry
Neurobiology

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Total sample

Figure 3.0Overview of the categories mentioned rarefy<{6%) or often i >20%): Mean percentages the whole
sampleg FUB (data status July 2012)



Conclusion and Outlook

Following the procedure of statement analysis
of Bolte (2008), a systematization of tpartic-
LI ydaQ adal GSysSyall RROBILES
partners through developing a classification
system For the FUB category systerhetresuts

of the objectivity test show that the chosen
procedure of theFUBqualitative data analyses
met the demands for objectivity (q = .77) and
hasthus proven its applicability.

Despite several differences in content andreco

will be used to prepar@ROFILES type teaching
modules and to develop PROFILES CPD courses,
¢aiding the implementation and dissemination
NIBPRORILER ided®and objectives to facilitate the
uptake of innovative sence teaching and the
enhancement of scientific litera€yBolte et al.,
2011)
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PROFILES

Jack Holbrook anMliia Rannikmae, University
of Tartu

Introduction

If PR®ILES is to be a success for any partner,
then the learning environment created by the
teachersand guidedby the project, must be the
measure. Certainly the continuous professional
development programme (CPD) can be- e
pected to play an enormous role iniging the
teachers to enact the PROFILES intentions (the
intentions as in the project description of work
and which thus form our collective guidelines).
But the actual implementation of PROFILES id
as in the classroom is the major target. So what
is interded?And what is being achieved?

1. Inquiry-based science education (IBSE)

If science education is to pass a student interest

and relevance test, then this project suggests

the following CANNOT be seriously considered
as the way to construct a learning eromment

in the classroom:

(a) Teacher centred classroom where theust
dents are expected to sit and listen (&-b
haviourist approach to education).

(b) Students following recipes, where the cair
ing out of operations are based on a set of
instructions without cleatearning targets.

(c) Students are asked to verify, or prove that
which is already known (at least to stie
tists), even if the experimentation has an
inherent element of enjoyment.

PROFILES doM®Tadvocate any of the above,
even if textbooks are aligned witthese dires-
tions. Rather, PROFILES strongly expectfiteac
ers to promote student centred learning and
this means teachers must expect to involve the
students in:
(a) cognitive thinking processes which relate to
studentinvolved learning directions (samn

1.4.3 Innovative Inquiry-based Science Learning Environments in the Framework of

times referred to as higher order cognitive
learning outcomes);

(b) gaining, or improving on, the range of stie
tific process skillg involving both mindson
(thinking) and handsn (undertaking the
carrying out) attributes;

(c) collaborative teamwork where studentser
expectedto help and guide one another,
even to the extent of undertaking peesa
sessments;

(d) enhancement of communication skills in a
variety of ways, including the use of ICT;

(e) development of personal attitudes and &pt
tudes, especially where laboratoryork is
involved in risk assessment and taking a
propriate actions.

The above list is not intended to be exhaustive
but rather serves as a minimum. It is included
to show that science education is not simply
about the memorisation of facts or gainirgj
laboratory techniques. Under PROFILESe
learning situationis alsoto guide students d-
wards democratic values, enhancement of long
term memory acquisition and above all, tm-e
hance scientific literacy.

As an aside, it is worthy to point out that ©R
FILESs aligned with the curriculum in each
partner country (modules with neaurriculum
O2y GSy i ¢ 2) ThisofeefrendzanS R
portant, is the realisation that teachers are not
expected to teach the curriculum (in their usual
manner) andsimply add on PROFILE$odules
PROFILES is intended to REPLACE practices that
lead to poor classroom environments, limit
student learning or interpret the curriculum in a
narrow sensethe latter often beingthe major
complaint against textbooks)

By endorsingBSEwithin PROFILES, theten-
tion is to promote a studenicentred learning
situation. This can be undertaken at various
levels and it is the seéfficacy and ownership of
the teacher, taking into consideration theam
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riences and the learning outcomes put forward

for the learning, which determines the level of

IBSE included in the particular learning ienv

ronment for the set learning. But whatever the

level (while the DoW only refers to opamyuiry
targets, intened leveb areg structured, guided
and open), the PROFILES learning environment
advocates two conditions:

1. there is a scientific question (or questions)
which drives the specific learning, either put
forward by the teacher, or where feasible by
the studentsthemselves;

2. efforts by the teacher are directed towards
ensuring the students are motivated tala
dress the scientific question(s) by seeking
the appropriate evidence.

Having said this, it is important to stress that

PROFLES is striving towards a legyranviram-

ment under theownership of the teacherin-

volved and thus the teacher can approach the
two factors as the teacher determines. Fox-e

ample, the scientific question can arise from a

discussion on a sockxientific issue, where

student involvementin initiating social or socio
scientific questions eventually leads to scientific
guestions. Alternatively, a stimulating teacher
indicated activity, within which students are
guided to observe, can also be a starting point,
which then leads to the puttinforward of sé
entific questions (usually by the students in this
case) for investigation.

2. Motivational learning environment

Clearly from the foregoing comments, the major
key for successful PROFILES teaching ana-lear
ing is establishing a motivationdarning eni+
ronment. Nevertheless, for the most part, this is
surely nothing more that good teaching practice

FYR Iy SELISOGSH

repertoire.

The difference, in the PROFILES approach, is to

suggest motivation stemming solely frothe
teacher, or from a specific situation created by
the teacher,is not enough The literature tends

4 0 dzief ( & Sto dghed with thidzBoBw/ i view, inJpedthdia

picture of science learning environments as
boring, irrelevant and abstract (Osborne et al.,
2003; EC, @7). The PROFILES expectation is
that teachers will enable learning environments
which are intrinsically motivation to students
i.e. the motivation is coming from the students
gKAES GKS GSI OKSNRan- N2t S 1}
forcement of this motivation and eeking to
extend this into the IBSE science conceptual
learning phase. The PROFILES task is thus to
guide teachers to create intrinsically mativ
tional environments for students and to enable
the teacher to take ownership of this approach.

The PROFILESLANR | OK (12 &dAYdz F GA
intrinsic motivation for learning in sciencesle

sons is based on the following (all of which are

seen as crucial):

(a) Recognising science and science education

FNBE y28 GKS &1 YST LINE RdzOA
is not a 21 centuy intention for science
teaching.

(b) Teaching in science lessors i WS RdzOl (i A 2 )

0 KNP dz3 K Whi@ At $as @@ and

conceptual learning, it is also personall-va

ue-laden and encompassing the goals df e

ucation put forward within a country at the

given teaching level.

The title of the teaching being introduced is

studentfriendly; it is sufficiently familiar,

appreciated by students as personallyerel

vant to them and does not include scientific

terms that create an image of abstractness

or being diffcult.

(d) The teaching is initiated by means of &sc
YENR2 6A0K SKAOK addRSy(
QsraK (2Q 0SS Ayg2f SR
stereotyped (always of the same style @&-u

modified by the teacher to furtherrehance
a0dzRSyiaQ AYUNRYaAO Y2UGAcL

The target in establishing a meaningful 3R
FILES learning environment is thus Hetd:



(a) The teaching is motivational from aust
RSyidQa LRAYI
of the lesson.

(b) The motivation can be extendeinto the
science conceptual learning, thereby aen
bling the IBSE learning to be a continuum
from the scenario and the students (inrge
S NI f £ € a0dzRSyGaov
this further learning.

3. Consolidation of the learning

A consideration oftenmissing in the learning
environments within science classrooms is the
need to consolidate the learning. While argaly
ing and interpreting findings from IBSE inwest
gations (involving the laboratory, the internet,
or other sources), presentations of solut®n
and discussions on the learning, are all comp
nents of a PROFLES learning environment, there
is still the need to go further so that all students
are given the opportunity to consolidate their
learning.

Motivational approaches, for consolidation of
the science ideas, need to go beyoftdst) as-
sessment situations, whether by means of ¢rea
ing conceptmaps or classroom tests. And this is
the intention of the third stage in the PROFILES
3-stage model. Here, students are guided to
transform their sciencedieas, derived from the
de-contextualised(science conceptual learning
in a noncontext environment) IBSE learning
from stage 2, to relate to the initial contexied
picted by the scenario and thereby enablei-st
dents to be involved in a decisignaking, lean-
ing experience. Not only are the studentsmai
ing argumentative skills and seeing science in a
sociascientific framework, as it impacts om-s
ciety, but they are learning to use the science in
a conceptual appropriate manner and to use
scientific terminolgy in a meaningful context.
Motivational learning environmenisn proma-

ing the learning in stage, 8an stem from role
playing, debates, or lively class discussions.

The three learning environment components,

2T OAS g dindickt&leaboVes lcomé toge2he i BROESI NJi

within the 3 stage PROFILES model. This is
unique to PROFILES thinkitgit makes sense
from an educational point of view.

PROFILES teaching modules

W gTlo fatilitate 2PROFALES tdaghidi and & Ryuide y

teachers in gaining se#ffficacy in enacting

PROFILE&uring the teacher invention congp

nent of the CPD, PROFILES advocates carefully

designed teaching modules, compatible with,
but not directly indicating, the 3 stage model.

Such modules specifically intend that the thac

er:

(a) Sees the importance of stressirgiudent
motivation as the key to success in science
teaching.

(b) Recognises that science education includes

cognitive learning, the gaining of scientific

skills, personal development in terms ofiatt
tudes and aptitudes toward science learning
and the developrant of social attributes,
most noticeable teamwork skills and déve
oping societal sociscientific values.

Ensures the time spent on the tdac

ing/learning is in keeping with the meagin

ful learning to be developed. The learning
acquired by students musbe meaningful
and sufficiently comprehensive to enable
students to meet the full curriculum inte
tions*.

(€)

*If a teacher does not recognise all the learning
outcomes indicated in a module (and wishes to
omit some even though students have yet to
acquire thesg), then the teacher must seriously
question whether PROFILES modules are useful
aids for establishing their classroom learning
environment. Definitely PROFILES must be
viewed from the need to focus on guiding
teachers to educate all students (throughi-sc
ence) and not just an elite stdection, only
seeking cognitive advancement.

Each PROFILES module encompasses a front
page (actually 2 pages in most cases), a student



section plus a section for teachers as described
in the introductory chapter of this bdo The
modules are wekbased, or in printed formats.
The front page gives the scientific conceptual
area of student learning, as well as the intended
grade (age) level and number of lessons. Of
major importance for the learning environment
is that each mdule carefully indicates the
learning outcomes intended, in a manner which
is measureable, and can thus be considered the
atdzRSyidaqQ €SINyaAy3
against which the success of the learningienv
ronment, created by the implementation of the
module, can be determined.

prior learning even where these should have
been the intended practice in previous grades).
Thiscan be the case witkearning in grades 10
and above, wherstudents have been given the
opportunity to masterbasic science processes
and practical skills in earlier grades.

A footnote
Many of thearticlesin this book relate to the
creation and utilisation of teaching modules to

|y Rereate #hé BROEINERyrdnmeri. It NR/@thy>

to examine the associated posters duritige
conference to see how the developed modules
enhance the classroom environment in a mea

The student section can be modified by the
teacher to match the level of IBSE seen ps a
propriate for the students. The student learning
is usually indicated by tasks covering all 3 stages
of the model and may also encompassnie-
work, or other outof-school learning.

The teacher section is given as a suggestion to

ingful and motivational manner. The poster
session is intended to be interactive and hence
the successes and failures can be discussed by
participants to further onsolidate ownership of
PROFILESs well as evaluate the PROFILES pr
ject as a meaningful way to raise the science (or
separate science subjects) classroom learning

enable the teacher to appreciate the thinking by
0KS Y2RdzZ SQa I dzii K2 NA ®
and must, modify the approach to maximise the
learning environment fothe intended learning
by their specific students. Teachers, however,
need to be careful in shortening the module by
ensuring that the student learning is meaningful
against the learning outcomes expected. It is
important the teacher does not skip learmj
areas where the students have not acquired

environment for the 21 century.

& adzOK3xX GKS
A summary of the 4poster article submissions
is givenbelow:

Poster Articles related to
Supporting PROFILES

Poster Articles related to
Monitoring PROFILES action

Poster Articles related to
Evaluating PROFILES impact

No. articles = 1640%)

No. articles = 2454%)

No. articles = 36%)

Subdivision Subdivision Subdivision
(;PD (pre & | Delphi Others D.eveloplng/ Teach_mg e- Student gains Generql Impre-
in-service) study using modules flections sion
8 60%) 4(25%) | 4 25%) 15(67%) 9 (33%) 2 (67%) 1(33%)

Table 1 Summary of the PROFILES poster articles in this book, by category (N=44)
Others = Philosophy, Teacher Needs, Nekivg and Wekbased Environment
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Introduction

In recent years, science curriculum developers
realized that one of the key factors regarding
the effective implementation of science cumic

la is the involvement of the teachers in theopr
cess of designingnd active development of the
various learning materials (Bennet et,&006;
Rannikmae, 2005; Ogborn, 2002). Ogborn in the
UK for example in his essay regarding ineolv
ment of teachers in an innovation, concluded
that:

0One of the strongest conclusiots come out

of decades of studies of the success and failure
of a wide variety of curriculum innovations is
that innovations succeeded when teachers feel
a sense of ownership of the innovation: that it
belongs to them and is not simply imposed on
them. Tlis lesson is hardest to learn in countries
with a centralized curriculuénpp. 144).

This curricular approacls fondly called the
Bottom-up approach as opposed to the trad
tional Topdown approach (BlonderMamlok-
Naamané& Hofstein, 2008 that prevailedfor
many years in the western countries, e.g. the
1960s' and early 1970s' in the USA (The Golden
age of curriculum development) and the UK
(Nuffield projects).

Based on a lontgerm study conducted in Est
nia, Rannikmae (2005) investigated the deve
opment d ownership among chemistry tehe
ers. She wrote:

GThe potential for developing social issue
basedstudents participatory, supplementary
teaching materials by teachers and seeking

1.4.4 Teachers’ Ownership: What Is it and How Is it Developed?

teachers' feedback that involves both copce
tual and values education hagén considered

as an essential component of teacher owne
ship. Teacher ownership of STL teaching was
defined as the phenomenon afdaptation of
everyday teaching by the teacher, accordingly
to the STL philosophy.

Irrespective of the type of ownership most
teachers, during the intervention, developed a
more advanced perception regarding their role
as facilitators of learning. The teachers- i
creased their confidence to teach science
(chemistry) in a student centered manner. They
I LILINBOA I G SR
back, collected through the essay type answers
after lessons where the materials developed by
the teacher, were used.

Similar findings were found regardimgvelq-
ment of ownership in the process of adaptation
of several PARSEL modules radk Blonder et
al., (2008) wrote that:

@ KS
to align their teaching with the philosophy and
the teaching style of the PARSEL project. At the
same time, the teachers adopted the modules to
their own needs, theirchools, and their st
dents, and maintained their own professional
identity. Each phase in the adaptation process
AYONEBIF&aSR (KS
PARSEL project and its unigue value aided in
forming the modules before the teachers met
the Isreeli students

To sumup this section, it is fair to claim that the
involvement of teachers in the curricular gr
cess is a promising way to ensure effective i
plementation of new teaching and learning
innovations (MamloNaaman, Hofstein &
Penick, 2007).
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Developing teachers' ownership in a CPDopr
gram

It is suggested that in order to develop a sense
of ownership among teachers, it is vital te-d
velop the teachers as learneend as pract
tioners in their classroom. In other words, the
goal should be tequip the teachers with the
relevant content knowledge (in PROFILES- co
text the scientific content and its related social
applications) and the aligned PCK (pedagogical
content knowledge).

These two developments, namely the teacher
as learner and the te&er as teacher, are the
two initial and basic components ithe Four
Stage CPD tdiel (See igure 1) that is used in
the PROFILES project.

It is suggested that the Bstage, namely the
teacher as a reflective practitioner, is the initial
stage in which sese of ownership starts to be
developed in the teacher's mind.

In addition, this stage is the foundation stage
for further development leadership oriented
characteristics and behaviors (Hofstein, Carmi,
& BenZvi, 2003).

The development of ownership amongcience
teachers duing the PROFILES workshops

In the PROFILES project teachers are involved in
a CPD oriented workshop. This- i

cludes face to face meetings on lin
discussions. The various PROFIL

partners adopt variedypes of profes-

sional develoment models that differ

in the degree of teachers' active-i

volvement.

However, the CPD approach provide
the teachers with ample opportunities
for reflection on their experiences
regarding the adaptation, devgbe
ment, and implementation of the
PARSEL iented (now PROFILES
modules.

Ideally the workshop provides (ol
should provide) a platform for refte
tion (and feedback) for the teachers

The teacher as
a learner

The feedback is provided by the other teachers
as well as by the professional development
providers (leading teachsy.

In addition to the ability to reflect on their pca

tice, we have observed (and identified) other

variables that indicate development of a sense
of ownership namely (these are only examples):

e The willingness to involve other teachers in
school in the poject

e The willingness to identify soegzientific
issues (to be developed) that has a local
characteristics (e.g. an environmentgpe
issue) looking for a relevant issue.

e |dentifying themselves with the project
(development and implementation).

¢ Identifying one self with the newsletter
(published on the web)

¢ Involving the principle in the project (stake
holders).

e Telling your studerst that you were -
volved in the development or adaptation of
the module.

e The disseminationf modules among peers.

e Teachersmake an attempt to bring items
(artifacts) that eventually will provide ev
dence for their classroom behavior and
practice.

¢ When teachers perceive that the topic or

The teacher as a leader

a teacher

The teacher as a reflective practitioner

Figure 1The Four Stage CPD Model

The teacher as



issue taught is relevant to his/her classroom
(the nature of the students)

e When teachersdecide to make changes,
alternations, and amendment to the orig
nal module (based on their reflection).

e Willingness to serve as leaders in th&' 2
year CPD program (20122013 academic

year)

In the beginning of this working paper we wrote
that there areprofessional development nib
els that are more effective in regarding the-d
velopment of ownership and those that are less
effective. Based on several years of experience
with CPD we came to conclude that the most
effective models are:

1. The teacher as a cuiculum developerin
which the teacher isntensively involved in
the various curriculum development stages

2. Action researchIn which the teacher in
collaboration with science educatorse-r
searcles his/herown class

3. Focus groupsin which the teacher clalbo-
rateswith other teachers as a community of
practice.

These are teacherentered approaches in

which he/sheis in control regarding content,

pedagogy and implementation.
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Franz Rauch and Mira Dulle AlpenAdria-
Universitat Klagenfurt, Austria

PROFILE&visages the setting up ofetworks
based upon already existing structurée both
support the dissemination and mutual learnjng
as wellasto maketeachers more aware of the
PROFILES project and the gatalsas set out to
achieve. This article deals with conceptive and
theoretical consideratios, an example from
Austria,as well asvith first developmens within
PROFILES.

Introduction

PROFILES &s project devised to give teacher
ownership of the PROFILES approach to the
teaching of science subjects so as to enhance
the scientific and technological literacy ofust
dents. As such PROFILES recognises nhe i
portance of dissemination of developments for
the benefit of science teachers across Europe
and even worldwide by webpages, newsletter,
conferences and publications. In addition mut

al learning is needed through a networkingsy
tem at the school, local, national and Euesp
an/worldwide levels (see ats the Introduction

in this book). Mtworking is seen as the creation
of intermediate structures which address,
among other things, the fields of autonomy and
interconnectedness of structures and processes,
parameters and freedoms, as well as voluitar
nessand obligations. Practice and science teac
ing try to forge new paths in the formation of
learning and the cooperation between people
and institutions (Rauch et al., 2009). For the
development of the PROFILES networksothe
retical aspects of approaches social netwok-

ing concepts need to be addressed.

What are Networks?

Networks are support systems based on rec
procity. Those involved can exchange views and
information and cooperate within the scope of
mutual concerns. The networks are aided by a

1.4.5 How to Involve Stakeholders in IBSE Networks

platform for ongoing process managementyise
inars to make other teachers aware, important
to facilitate further levels of networking. As the
concept of the networking is related to theories
of social development, key components are+e
ognised as:

e Mutual intentionand goals¢ PROFILES tre
works focus and orient themselves on®R
FILES framework topics and targets which
have been mutually agreed by teachers and
the partner (Liebermann & Wood, 2003).

e Trust orientation ¢ mutual trust among
teachers is seen as a prerasjte in order to
encourage the exchange and sharing of
knowledge and experiences. Under such
conditions, networks have been shown to
bolster new innovation paths (risk taking)
and support conflict resolution (Mc Donald
& Klein, 2003).

e Voluntary participaion ¢ this key aspect
means attitudes and values of the teachers
are of paramount importance in enabling the
networking to function. Clearly sanctions
and penalties are absent and interventions
suggested by PROFILES partners, leadhteac
ers and other staketiders can be vetoed.

e Principle of Exchang@vin-win relationship)
¢ maximising the exchange of information,
without comprising the ROFILES goals of
promoting selfefficacy of teachers towards
IBSHelated science teaching. The pheno
ena of power and congdition are not &-
cluded (a check is clearly needed oRr-e
changes deemed unsuitable in a PROFILES
environment and the concept of building
towards best practice is not more related to
collaboration than competition), but rather
are approached and dealt withn the same
level between the partner and the teacher
users (OECD, 2003).

e Steering platforng networks do not operate
by occasional interactions and relationships,
but rather in a continuous phase with am-i



stitutionalised configuration. Clearly PR
FILES etworks require coordination and
maintenance in order to support and faeil
tate the exchange processes, cooperation
and learning (Dobischat et al., 2006).

e Synergy¢ networks make synergy effects
possible through structural organisationf-o
fering an alternéive to classic rationalising
strategies which are characterised by the
dismantling of structures (Schaffter, 2006).

Functions of networks

Following Dalin (1999), networks take over the
function of information This becomes visible in
the act of direct @change of practical
knowledge for instruction and school and as a
bridge betweenpractice and science/research.
Communication within networks takes place on
electronic platforms (webpages) and printed
materials like newsletters. But also fateface
meetings like regular seminars guarantee the
flow of information and exchange of knowledge.
Through networking  extended learn
possibilities and development of competences
(process of professionalizatioaje fostered and
justify networking asa function of lerning.

Trust is seen as a prerequisite in terms of-ne
working, the basis for thpsychological function
of networks and which bolsterand improves
the individuals.

The faurth, so calledpolitical functionof net-
working, misesthe selfassertivenesaiterms of
education concernsaccording to the concept:
! yYAGSR 68§
powerful. To have meffect on the educational
system, steering structures for communication
and the knowledge exchange between teachers,
science educatorsscientists and experts from
all social subsystems (for exalajthe economy)
are essential.

Educational dimensions of networks

In the last ten years, thre has been noticeable
reflection on networks in theeducational sg-
tem. Structure changes in thedministration
and policy of decentralization argseen astwo

reasons for that. Single schools take moee r
alLRyaroArtaide FyR RS@St2L) =
FGS¢ aidNHzOGdzNBa o/ 1 SNBFyaj
2002; OECD2003; Berkemeyer at al.2008,

2009). NetworksOlF'y 0SS aSSy- a32@S
GKS2NBGAOIffteé¢ 6088 dz 9
structures in which we can break fresh ground.

In the tension between administration (top

down) and grassoot movement (bottomup),

autonomy and community, instruction/guideline

and freedom, voluntary nature and obligation,

difference and participation, practice andisc

ence, new ways of education and teamwork of

persons and institutions on a regional and local

level can be created.

Educationaiscientific dimensions of netorks
Curently networks are seeaspromising stra-
tures to support the instructional and school
development (Veugelers & O"Hair2005;
Berkemayer at al.2009). Nevertheless, there
are only a few papers on the effect of networks.
The requirement for accompanyingesearch
needsto increase, and a new field of research to
be establishedwith new fields of development
and challenges takg shape Dedernig, 2007;
Hollstein & Straus 2006; Jansen 2006;
McLaughlin at aj2008).

Types of networks

Networks might bedistinguisked with regard to
their complexity from networks at schools to
inter-school networks and networks on local,

F OKASOS Y2 NBégional NiatianaeadGavan $rednagodal levals

Networks on the level of teachagroups,
schools and local structures atikely to be
closely linked to instruction and may contribute
to improve the regional structures best KA
trichter, Rauch & Riel2010). Examples of di
ferent levels of networks are:

e Networks at school (teacher network)
A group of science teachers within one
school ceoperate towards the common
aim of enhancing instructional and school
development through science/IBSE. They



are supported by the head teacher and set
themselves up as a steering group in the
schoolto guarantee the coordination and
maintenance of the netark.

e Networks between schools (school he
work)
A school network consists of two or three
schools; within this group of schools one
leading school is established. Setting up
further partnerships (i.e. with the comwa
nity, partners from science or economy,
personnel within the society, etc.) opens
the school to the outside.

e Local and regional networks
At the next levelschoolswithin one school
district/region work together, not only on
the basis of jointprojects among science
teachers, but also by exchang
knowledge and experiences in network
seminars. A local/regional ewrdination
group facilitates the maintenance of the
network and includes/supports teacher
and school networks. One important aspect
is the involvement of local stakeholders i.e.
educafon, administration, politics, business
and NGOs.

e National networks
Networks on a natioswide levelare struc-
tured in the same way as local and regional
networks (ceordination group; annual
network conferences) but are more B
plex structurewise.

The retworking described so far is seen as an
institutionalised system promoting and supper
ing science teaching (in an interdisciplinary or
single subject context). The example below
shows that such networks can extend across
subject domains, yehave subjecdomain sub
programmes, allillustrating the same teacher
and teaching supporivhich iskey to the cao-
cept of networking

Regional Networks in Austri@ Networking in
the Project IMST (Innovations Make Schools
Top)

The project IMST

The nationwide project IMST (Innovations
Make Schools Top) aims at improving instru
tion in mathematics, science, IT, Germam-la
guage (the latter targeted at literacy) and rela
ed subjects. The focus is on students' and
teachers'learning(www.imst.ac.aj.

Since 1998, the project has been repeatedly
commissioned by the Austrian Federal Ministry
of Education, Science and Culture to the inst
tute of Instructional and School Development
(lUS)at the AlpenAdriaUniversitat Klagenfurt.

It devdoped in three phases: (1) Analysis of the
disappointing Austrian results at the Third- |
ternational Mathematics and Science Study
(TIMSS 1995); (2) development and research
project IMST (200@;, 2004); (3) buileup of a
support system for schools (20@4ongoing). In
the first and second phaséhe project targeted
only secondary uppeschools but since then it
was opened to the entire educational system (K
¢ 12 and teacher education). The projectrcu
rently involves about 21.000 teachers whorpa
ticipate n projects, attend conferences, oo<
operate in regional and thematic networks.
¢KS La{¢ LINPBAINIYYS WwWwS3IA2y
bSG62N] 4Q &dzLILI2NIia NBIAZ2YI
Austrian provinces, and three thematic tre
works which operate on the national level.
Within the IMST thematic programmes, tdac
ers put into practice innovative instructional
projects and receive support in terms ofrco
tent, organisation and financd-urthermore, 18
Regional Educational Competence Centres
(RECC) in science subjects werpl@mented all
over Austria to act as a cooperative structure
between universities and teacher education
colleges. They partly fill the gap of a lack disu
ject didactic centres in higher education
throughout Austria which can provide reseasch
based didactial professional development for
teachers. Gender sensitivity and gender mai


http://www.imst.ac.at/

streaming are important principles of the gr
ject, and their implementation is supported by
the Gender Network. In order to investigate the
impact of IMST, evaluation and researahe
integrated at all levels.

IMST and the strategies to implement IBSE
During its quite long duratigiMST strengthens
all important strategies to improving the edaic
tional system: Professional Development and
Support (CPD)Giving Teachers access Re-
sources, Community involvement (Mobilising
DecisionMakers, Coordinating a Local Support
Network), Assessment/Evaluatioand Creating
Teachers Networks.

With respect to Professional Development
courses for teachers in mathematics and science
are orgatized. These fousemester courses
Ol t t S-APedagbg® [and Subject specifie |
a0NHzOGA2Y

The intervention model of IMST, namely tgsu
port teachers in their practical work, has ind
rectly influenced the curriculum. Membersf o
IMSTteams served on state commissions- r
sponsible for new curricula in schools some
years ago.

Evaluation is a central element of IMST. IMST
can be described as @perative structure b-
tween schools, school administration, univiers
ties/teacher trainig colleges, businesses etc.
co-ordinated by the AlpemdriaUniversitat
Klagenfurt. Every suprogramme within IMST is
assessed by internal and external evaluation
measures. The suprogramme networksare
described in more detaibelow, as these will
devebp dynamically in the upcoming next
phase (2012, 2015).

Networkswithin IMST

F2N ¢ SI OKS NE £The IRNgnaloNetv@KkR are? ii additios to fhe
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eral states. As of July 2012, regional networks

supported by IMST exist in all states. In some

provinces more finely woven district networks

have been setup. The formation of regional

networks is based on two principles:

(a) Use of existing personnel, institanal and
material resources.

(b) The networks act autonomously

nection with teaching practice, and
e when teachers are investigating their own
work and networking with each other and
with the academic community (actione+
search).
The teachers further develop their teaching
knowledge and competences as well as their
theoretical understanding.
Teachers paitipating in the IMST programme
are engaged in different sgyirogrammes (cu
rently by thematic programmes on competency,
experimental learning, IT, assessment for tear
ing). Within these thematic programmes the
teachersare coached and receive learningam
terials for their classroom projects. Participants
of IMST- individual teachers, teacher groups,
whole schools or local school networkshave
to report on their activities/innovations. Over
the years, IMSTtherefore, has accumulated a
rich database consiing of progct reports
stored in the IMSWiki. These reports contain
reflections on teaching and learning processes.

The goals of the networks are threefold:

(a) Raising the attractiveness and quality of
lessons in mathematics, biology and ecol
gy, chemistry, physics, information tec
nology, geography, descrip&vgeometry
and related subjects, as well as promoting
crosscurriculum initiatives and schooled
velopment in grammar, vocational and
secondary modern schools, primary
schools and kindergarten

(b) Professional development of teachers

(c) Involving as mangtakehotlersas possible



IMST supports the setting up of steeringnto
mittees in each regional network to coordinate
the generation of content and to create coape
ative structures for schools, the educational
authority as well as teacher tming colleges
and unversities.In order to facilitate a sustat
able grounding of regional networks in their
respective federal states, the financial support
of IMST is cadlitioned on raising additionali-f
nancial or personel support in each of the &
eral states (i.e. teachghours, funds for further
education) as well as local industries (i.epsu
port of projects and network conferences).
The exact task profile of a regional network is
geared towards the needs of the respective
schools in the region and the existing res@sc
The profiledepends on the vision of the people
comprising the local steering committedout
enhances
o the establibment of a platform for schools,
teachersand other stakeholders
e the organization ofopportunities for ex-
change of experiences and prefdonal @-
velopment,
e the support of creating concentrations and
their development in schools,
e the development of a pool of experts to
advise on instructional and school matters,
e drafting an annual report and interime¥
ports on the activities of the regnal ne-
works
e and the implementation of an evaluation
(Rauch & Scher2009).

The networks and the RECC are supported by
the networkteam at the IUS at the Alpefdria
Universitat Klagenfurt via a platform for ongoing
process management, two seminarsrpear for
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and leaders of the RECC, public relations (folder,
IMST newsletter), accompanying research and
studies on the development of networks
through the team of networks. Thus the local
needs and developmeni@re balanced by aaa
tional exchange of experiences and endeavours.
The IMST regional networks are assessed by self

and external evaluation. The individual regional
and thematic networks each submit an annual
written documentation, including an evaluation
in accordance with the cooperation's agre
ment. As of nowabout 70 reports have been
submitted from regional networks.

The results might be summarized as follows:
Social contacts prove to be indesable to the
creation of structures, the exchange okperi-
ences and mutual learning. Therefore the-a
proach of using and further developing existing
regional structures is, so far, successful. Such
development, however, needs small steps. The
support from state education authorities ise
sential for the devipment of regional iderit
ties in networks. The duties of the steering
committee and its coordinator(s) are diverse
and can only be accomplished by teamwork.
With reference to the four functions of netwir

ing according tdalin (1999), namelinforma-
tive function, learning function, political fun
tion and psychological function, the evaluation
data collected up to now give rise to someimnd
cators and examples. Innovative projects are
carried out within the regional networks and
increase the attractivenessf science lessons
with crosscurricular teaching as well as inlco
laborations between schools.

The dynamic development of RECC is reanark
ble; they developed out of the networks. In the
next few years, the focus will be on constructing
collaborative strutures between networks and
RECCs as well as quality development asd a
surance through process management, process
guidance,evaluation and research. Experiences
in the network process in science education
within IMST, gathered over six years, are a good

(KS yS$is2Ny P8sisiRrihg BROCIAES prejestyn/ysyig 18 build

on already existing networks. Since 20110PR

FILES was infused into IMST through present
tions at network meetings, teacher training

seminars (CPD) and conventional information
material (PROFILES newsletter).



Lessons Learned

Good practice cannot be clongbut exchange
of experiences on a personal level popts
learning and innovationsNetworks offer goal
oriented exchange processes among teachers
(information function) which support profs-
sional developrant of teachers (i.e. fresh ideas
for classroom teaching, intatisciplinary ce
operations at schoolgjearning function).
Networks have the potential to create a culture
of trust with the effect of raising seHdsteem
and risktaking of teacherspsychdogical furc-
tion) and upgrading of sciences at sch@obliti-
cal function).

It is necessary to maintain a balanceAaftion &
Reflection(goakdirected planning and evadu
tion) and Autonomy & Networkinganalysis of
own situation, but alsod dzLJLJ2 NJi icab &
F NJ& S YR doblleagues at school, IMST
facilitator) in order to set up a sustainablepsu
port system for schools.

Evaluation and Research needs to be oriented
towards an iterative connection between an
interest to gain new knowledge and a develo
mental interest. A culture of seffritical and
collective reflection might flourish, but refte
tion should nothamper the carrying forward to
the project (see previous aspect).

The overall challenge might be described as
keeping the momentum going betweeririsc-
tures and processes an other words between
stability andfluidity in order to enable sustaat
ble development ofdarning in the long run.

As the experience in Austria showed, netkor

ing in practice is not without fault. Some risks

that have been idntified can be summarized as:

e gap between electronic informationhet-
working and concrete practice;

e the networks move away from the interests
of teachers and from the teaching and
learning of students;

e common visions and goals disappear;

e weak coeordination;

e lack of resources

e onlyactive teachers participate

Development of a PROFILES Netwstistem
PROFILES envisages the setting up of networks
on different levelgo both maximise the disse-
ination and to make teachers more aware of the
PROFILESqject and the goals it has set out to
achieve

At the Startup meeting in BerlinGermany(9" ¢

11" December 2010}he philosophy and av-
cept of networking were presented and sdi
cussed. In a workshop follamg the presena-
tion participants reflected thei network con-
cepts and conditions for networking in their
countries or regions. Possibilities of electronic
platforms were discussed as well. After the
meeting a list of contagbersons responsible for
networking and disseminatg PROFILES was
compiled.

At Ghedcdnsortium meeting in TarfuEstonia
(25" ¢ 27" May 2011) networking and dissém
nation was part of the programme. The obje
tives and deliverables for the project partners
were presented and discussed. At the meeting
all participants completed a ggé&onnaire to
provide information about the statusgquo re-
garding a network system in their countries. This
az OlFttSR aqadrkdsS 27
constructed to describe the netwoffirocess
within the different countries and to listrate
their development (Figurd).

At the consortium meeting in Ein Gedi, Israel
(13" ¢ 17" February 2012), the findings of the
state of the art questionnaire were presented
and discussed.

For networking and dissemination, the riin

mum target goals were put forwaras:

e By September 2012, cooperation among
science teachers in one school (teacher
network); dissemination of PROFILESdmo
ules to stakeholders in one local structure
(district, town).

e By September 2013, cooperation among
science teachers in two/three schools
(school network); dissemination of PROFILES
modules to stakeholders in one region.

iKS



e By September 2014, cooperation among
science teachers in a local/regional stru
ture (local/regional network); dissemination
of PROFILES information to stakeholdexs n
tionwide.

CAYRAYy3a
Y I ANBE
Based upon the questionnaire thaharts below
shows, that all of the partners were able to
build on existingnetworking structures at an
early stage (May 2011). The majority are teac
er and school etworks. Mainly teachers and
Formal Educational Institutions are involved. In
Austria and Turkey (and in some other neu
tries) also noreducational organizations (like

t@teFof-thé-AttSuestofr

NGOs, businesses) are already part of networks.
The number ofteachersinvolved vary Two
partners are not depicted in this map: ICASE
(works internationally) and Sweden (joined
PROFILES latér).

In order to extend the existing channglall
partners were asked to organize networking
meetings to promote thePROFILE®0ject. All
partners should draw onalready existing net-
works. As a further consequence the partners
should bridge the different networks within
their countries.

In May 2012 the project partners updated the
network questionnaire (state of the art qee
tionnaire) to give ingjht into the development

Selecting Teachers  Resources Sum of Institutions
no Data - Teachers e 100
o ———1 50
<30 - Formal Educ. Institutions (] ‘
P 30 upto<50 [ ] outside Institutions \ /77— 10
- >50 v Autor: Erlacher Willibald
Bearbeitung: _ Strasser Andreas

Figure 1. Findirgpf the state of the art questiamaire (May 2011)

! Italy and Sloveniarovided data about their res
ources only at the second round of the state of the
art questionnaire in May 201@)ne partner in the
United Kingdom left the project.



of their network activities. The findings show
that within one year (from May 2011 to May

2012) six partners could increase the number of
teachers and formal educational institutions

involved in the networking process.

Summary andoutlook
Networking ould be considered as a constant

Berkemeyer, N., Bos, W., Manitius, V. and
Mithing, K. (eds.) (2008). Unterrichg-
entwicklung in Netzwerken. Konzepti
nen, Befunde, Perspektiven. Minster:
Waxmann.

Berkemeyer, N., Kuper, H. Manitius, V. and
Muthing, K.(eds.)(2009). Schulische ¥e
netzung. Eine Ubersicht zu aktuellen

Netzwerkprojekten. Muinster: Waxmann

process. It would be a success if PROFILES could Czerwanski, A., Hameyer, U. and RolffGH.

support the start of a networking process which

would go on after the end of PROFILES in 2014.

The goalshould bethe maintenance and s4
tainability of RROFILES networks. To keep-ne
works going, itvould benecessary to constantly
provide new impulses from insigdbut alsofrom
outside the network. External perspectives and
constant (seH) evaluationwould be the fuel
that keeps the network going. Theseuld be
the factors which maintain the dynamic, flexibi
ity and democracy within networks. The déve
2LIYSYOGKkONI AYyAy3d 2F &z
within continuous professional development
(CPD) programmesould be seen as onermi-
portant factor.

At the moment a number of partners are in a
networking process. In terms of operationahs
tion, there is always a tension between clear
guidelines and space for necessary local, megio
al and national development. Networking rca
not be undertaken based on a recipebut it
needs some ingredients like joint goals and i
terests, feedback loops and evaluation in order
to reflect upon processes and structures. koo
ing at the different approaches of the partner
countries towards the establishment of te
works, we are optimist to achievehe targeted
goals within PROFILES.
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2.1

Science Teachers Cooperate: PROFILES Teachers Continuous Professional
Development and the FU Berlin “ProNawi”-Project

Sabine Streller and Claus Baott&reie Univelis
tat Berlin, Germany

Abstract

Gt NPoAlElE ot N2 { OASYy OSv
brought to life in 2009 by motivated primary
school teachers teaching science in grade 5 and
6 in Berlin. The reason behind the formation of
the group was and is to continuously develop
and improve science educatioQ working D-
gether with colleagues in schools as well as in
education. Our poster will highlight the concept
as well as core themes of this lotgym teacher
training programme. We will also report onx-e
periences during the project work and discuss
first resuts of our accompanying research.

Introduction

The scientific professionalization of pservice
and inservice teachers is ongin our eyes even

the ¢ key objective of the educational disciplines
(JaumanrGraumann &Kohnlein 2000). Profs-
sionalizationis characterized both as a taskneo
tinuing over the course of the professiona-c
reer and as the process of personal professional
education (Terhart2009).

Professional requirements for teachers areneo
stantly changing. Among numerous examples
are the rdorms in the university education of
teachers as well as the reforms in schoolgra
tice (e.g. the intrduction of alday schools,
comprehensive schools and secondary schools
in some German states as well as science as a
school subject). Professionalizati pragrammes
must address these changes that teachers face.
Ly Ylye OFaSasx
programmes which precede og as it often
happens ¢ accompany such reforms do not

YSSG GKS in&bdsOFoSenddy whatS
teachers obwusly congler a deficit (Bolte &
Streller, 2007), an initiativeg also supported in
context of the PROFILES projecrose in Be

i, in WwhichLidsdh&@sSatdieduchivBatizesdarc

ers founded together a lonterm, cooperaion-
0FraSR GNIAYAYy3 LINRINIYYSOD
Science) is a project group of interested teac
ers who teach sciences outside their subject
areas in grades 5 and 6 in Berlin elementary
schools (for a daussion of problems in Berlin
schools see d@te & Streller, 2007). They intend
to develop and impree their teaching in coop
eration with colleagues from school ptae and
education research. The teachers themselves
gave the impulse for the famation of this
teacher working group after a ongay training
course. They wanted a continuous training
which would give them the opportunity to work
cooperatively on questions and problems-r
garding their own teaching.

Conception and Context of théProNawg Pro-

ject

After the successful foundation of the

oProNawi¢ CPDinitiative, expectations, wishes

and intaests of the ten participang teachers

were collected in a written survey, following
PROFILES CDP modgéis.the time frame was

initially set on monthly meetings over the

course of one year, the teachers needed te-di

cuss their objectives as well as n&gte and

commonly agree upon viable aims within the
ANBdzLJ® ! LI NI FNRY (GWKS LINRY
Ay3a a0ASyOS GSIFOKAy3IEZT 7

K26 SOSNEONKYSH A&FRIOI S532MINJ & dzISIVBWIH S R ¢

G2 a3SG G2 1y24 FyR RS@St 2
and suggestions foearning methods of scien
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as practical implementation and tesgy of e- consoldated and differentiated contents and
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GLI Iy fSaazya G23S0GKS NI befgfdshadirdgtideidavbikiin tielr I€akning?giiodpS NJ

Ay ftSaazy LI | yyAy =2sofl y Randadaptat Oditeid owh JBaghing lee Ardiningi A
RAFFSNEBYGAFIGAZ2Y Ay &OA S praydamnieRvdzGiruitire?l dstfows it Talle INB & dzf
of this suvey were sorted, summed up and

Main contents¢ primary topic: Scie-

main aspects were presented on a poster. At tific methods
subsequent meetings, this poster was used for Oct. Clarification of general conditiong
orientation and to check the progress of achie wishes, expectations and goals
ing own and commowgoals. The scientific topics Nov. Development of research quesns in
) i groups (e.g. Can cola actually disso
that were developed dung the meetings cog- meat?), suporting the teaclers with
sponded to the cuiculum for sciences and learning aids of different degrees
touched upon fields such a@&Veather and Sa Dec. PRELIOEFGAZY 2F &1

own teaching, assisting with teachin

song or &Food and Digestiagn o :
specmc questions

. ] i ] R o Jan. Working in laboratories¢ practical
LY |RRAUAZY 02 U K&dsu ¢ exercises  (equipment, measurin
concerning sciatific and pedagogal basics, weighing, different sources of heat @r
. . . burner), safety regul#ons
another key factor in the careption of this po- : . .
) ) ] i Feb. Focus: observations (exercises, eweal
ject was to systematally examine the learning tion of children utterances)
conditions and competence development of the March Focus: hypotheses (clarification of th
participants by means of a specifically déve concept, tasks for the subject area ai
oped questionnaire on Methds of Sientific . planning ?Xpe”ments for verification
) . ) April Presentation of alesson sequencg
Inquiry (Erb &Bolte, 2011). In this way it was ¢alIySdAaYda o8& It
possible to identify knowledge deficits or fro ing the experiments, diission of the
lems in this area of which the parfints may experiments and materials _ _
not have been aware and to discuss them as May Presentation of an exam with practic
. A RN parts on magnetism by a participan
af SENYyAYy3I YoRYRAL ARKS NRB RAaOdzaarzy 27F (K
conditions of the participating teachers). The formation of models
pre-test analpes showed that teachers are very June Systematization of scientific inquin)
well capable of identifying technically correct topic: Can W'T‘d blow aro‘imd the co
i - ner? (developing the question up to th
statemen'Es copcernlng suentlflc mvetnhodsu of explandion and the formation of md-
G20aSNBAY3I | YR a RSENygNA els)
scientifically appropriate hypbei §53¢é d | 2 Tablel Overview dfro Nawimeetings in theschool
AlG Ffaz2 akK2sSR GKS (& year200910 AY
identifying scientifically incorrect or inapprapr We want to illustrate the realization of Pro Nawi
ate statements in this context. meetings in more detail by describirige ses-
AA2y 2y GKS (2000 r@yEor &y i
Implementation of the Pro Nawi project example (Box 1).

The meetings, lasting three hours each time,

were always a mixture oi Of a4 A On- 6 02y @Sy (i A2

Ff0é GNIAYAY3I O66A0Ka- LIKIF 4S8 2F fSO0GdzNBas SELX Ly
tions, demonstrations and practical exercises

which were initiated and prepared by AG®R

CL[ 9¢{ 2F C! .0 YR daO2yaiNyzOGA @S¢ LKIaSa o6KSy
the teachers decide autonomously on their



At the beginning of this meeting, a short evalu

tion of the questionnairdErb &Bolte, 2011) on

G0a0OASYUGATAOI G2y e 2edf BROG EIRB &SNP D

sented to the participants. According to the

analysesPro Nawiteachers as well as their gt
dents had difficulties in identifying statemer
gKAOK 0O2d#f R
rectobse@ | (A 2y ¢ O ATheSixzy tale
sinks down because it is heavier than watg
This statement iscientificallyincorrect as the

subordinate clause already includes an expkan
tion). The results of our accompanying research
that were available at this point initiated a joint
discussion about the exact meaning of the ter

GAOASYUATAO 20aSNII
FIANBSYSyid G2 dzy RSNAI
Fff aSyasSaé¢ ¢ A Kaflotiand
reasons for the allegedbsewation. The partie
pating teachers were given the task to clos

observec in a scientific way; a phenomenon|.
For this purpose, oil was poured into a aia

—t

S

LI yiad ¢KS F20dza o Ad-f S 2
GA2y Ay &a0OASYyOS SRdOIGA2Y
orésts foStheir proffdlRr Ay (i S
sional development. Apart from that we will eol

lect the data for the postest analyses before

N O

68 RSantonp o §RE X PROBIER §opiergnges &i14 pugely ye

t Y Lilgreport on the results of our accompanying

r.

ely

pagne glass filled with colored water, and salt

was added. The participants observed their-pe

ceptions, described them and discussed their

scientific correctness of the wording. Afte

wards, thePro Nawiteachers were handed
group interview transcript of children in four

a
th
grade who had the same observation task. After

listening to an audio recordg of the class gt
OdzaaArzzy a ¢Stttz GSI
statements and interpreted them accdrd) to
their scientific correctnesgExample:Child 1Y
[if you] look from below, you see that the sal
white ChildllyY . dzo 6t Sa lingl&p in
the middleChildlll: Yeah and if you look dov
0KSNB> R2gy GKSNB Ay
KSFHL) YR GKSNB | NB
Finally, teachers worked on additional ta
about observable phenomena and transfer
the suggestion$o their own teaching.

Box 1.5 SAONR LIiA2Yy 2F (KS
d2dzy R 20aSNBIGA2yaad

Summary and Outlook
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researchq on the survey of teachers as wek
students (reg. WP5/6: Teacher CPD and Qwne
ship) as well as reg. WP7: Students Gains) on the
PROFILES Conference 2014.

gl a Ly

yeroif 5 4

ullehren-
nen und-lehrer Naturwissaschaften fur
ihre Unterrichtspraxis entdecken (radl
sen). In R. Lauterbach u.a. (Hg.), Kemp
tenzerwerb im Sachunterricht fordern
und erffassen.Bad Heilbrunn: Klinkhardt,
139-150.

Erb, M., Bolte, C. (2011pvestigating sStR Sy G & Q
strengths and weaknessem the area
GaOASyiA TRra@eedingsljadzihblE ¢ ©
Annual Meeting of the National Assaci
tion for the Research on Science Teaching
(NARST)Orlando, USA, April 2011.

pumanp, sQx  KPRNEIN, S\Weds. RNB y 0 &

2000). LehrerprofessionalititLehrerpro

fesgonalisierung. Bad Heilbrunn: Klink

hardt, 11-23.

Ni;\ 5 Xeyhart, B (20QQ: £rste Phase: Lehreunig an

der Universitat. In 0. Zlatkin

avYl tt

» dzo o t SHtatyueiphgi: Beltz 4283¢- A § x o @

The longterm training for science teachers was

designed and implemented to suit the paiti
LI yiaQ ySSRAI LINEY 20i

c

5ks
ed
YSSiAy3a 2y adOASYGAFTAOLIt &
S GSFOKSNEQ fSFENYyAy3a LINJ

gress and to provide space for reflection and
cooperation. In the following school year, Pro

Nawi will continue as iuested by the partie



2.2

Professional Development regarding Stages of Concern towards Inquiry-based

Science Education

Vincent Schneider and Claus Bdajt€reie URr
versitat Berlin, Germany

Research Framework

According to the ROSEstudy (Schreiner &
Sjaberg, 2004 »tudents in many countries have
only little interest in science anth learning
science. To change thigdifferent associations
(Minstrell, Van Zee, & AAAS, 2000; National
Resarch Council, 2000; Rocart al, 2007)
state that Inquiry-based Science EducatiorB{l
SE) seems to be an appropriate approach to
enhance learning outcomes in a positive way.
Therefore one of the aims of the PROFIpES
jectis the dissemination of IBSEEurope.

For implementing IBSE in schools, teachers play
an important role (Bolte et al., 2@1 Bolte et al.,
2012. One goal of theFUB PROFILES working
group is the develoment and realization of
Continuous Profegonal Development (CPD)
programmesfor pre-service chemistry teacher
students. In the context of a chemistry educ
tion intervention, preservice teacher students
plan and perform IBS&iented lessons about
environmental pollution. During the inter
vention course the preervice students ra
supervised by a chemistry eduocat who intro-
ducestheoretical and practicabased the PR-
FILES IBSE model. Overdffie intervention
course focusesamong other aspectspn the
following topics

e introducing the IBSE model theoreai and
practical baed

o talking about advantages and disachtages
of IBSE in school practice

e designing inquinbased science learning
environments

e using inquiry in the classroom for topics of
environmental pollution

o reflecting IBStriented lessons

2 http://www.profiles-project.eu/

To evaluatethe impact d this CPD courses, we

Fylrtel SR GKS

cernsregarding the implementation of IBSEh

a preposttest design.According to the theory

of planned behaviofAjzen, 1991)he benefit of

analyzing attitudes and concerns is that those

science teachers with positive attitudes and

concernstowards IBSE are highly probable to

implement IBSKETeacher Ownership).

To gain insight into preservice teacher sk

R S y aittdufes and concerns towards IBSE we

refer to the ConcerBased Adofoon Model

(CBAM) by Hall and Hord (2011), and especially

to their Stages of Concern (SoC) theory and

questionnaire (Hall & Hord, 2011)lhe $C

model is based on seven stages: A

UnconcernedB ¢ Informational, G; PersonalD

¢ Managenent, E ¢ Consequence, F ¢

Collaboration and @& Refocusing (Hall & Hord

2011).

Applying the So@Questionnaireprovidesinfor-

YFGA2Yy Fo2dzi GKS

cerns towards IBSE byeating So@rofiles (Hall

& Hord, 2011)In order to apply a Soquestian-

naire to preservice chemistry teachers, we first

have toenhance our adapted Saftiestionnaire

(Schneider & Bolte; according tBant, Vock,

Pohimann, & Kaller, 20Q0&Hall & Hord, 2011

and inveswjate the scientific quality of the

adapted andmodified quesionnaire version.

Thereforewe ask

1. Does our adapted SoC questionnaire
(Schneider & Bolte; according to Pant et
al., 2008; Hal& Hord, 2011)meet the
criteria of scientific quality?

If our SoGdaptionprovide similar psghometric

featurescompared toother studes (e.g. Pant et

al. 2008 Schneider & Bolte, in préssve also

want to investigate thdollowing quesions of

reseach:

2. 2Kk
chemistry teacher students show regar

LI NI A @A LI yGac

oB-aiSSaqQ
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ing the SoC model in the frame of the FUB intervention. In order to describe the d#rent

PROFILES CPD? samplesin more detail, we test the statistical
3. In what way do preservice chemistry significance of (potential) differences within the

G§SIFOKSNJ a0 dzRSy (iée@s | i $dCsubsBafesiby meaRs ofpargd and paired

regarding IBSE develop during a issuof t-tests, multivariate analysis of variance

our specific PROFILES CPD intervention?  (MANOVA) and effect sizes (Cohen’s d)

Methods Results
For our analysis wénave adapted a German Our control goup (CG) sample was collected in
guestionnaireversion of SoC (Pant et ,a2008; 2011 and 2012 and includes 122 mmervice
according to Hall & Hord 2011)he adaption is teacher students. The sample size of our CPD
necessary as o& questionnaire (Pant et al., intervention group (CPD_IG) was collected in
2008) focus on in-service teachersonly. To summer term 2012 and consists of 16 pre
ensure our adaption, we have developed further  service teacher students at and t,;. At the
items for some SoC stagds.the questionnaire moment the data collection fat, is in progress.
versionof Schneider and Bolte (2014)ages A, Table 1 shows the data analysis regarding
D, E, Fare represented by five items, stage C is  reliability:/ N2 y 0 | & Kb 1 = 138) of
represented by 6 items and stagBsand Qoy 7 the SoC subscales ranging from= .70 to o =
items.9F OK AGSY KFra I NIGAgE ald-tS FNRBY wm abz2i
ANHzS 2F YS y26é (02 T ([ socTaTBTCIDIET FT oG
(Hall & Hord 2011, p. 28384).Furthermore, if Vers.1 | .70 | .78 | .77 | .82 | .78 | .78 | .88
the content of an item is currently not relevant Vers.2 | 81| .77 | .75] 66| 73| 82 | .74
Vers.3 | .76 | 68 | .75 | .70 | .71 | .71 | .63

to a person at all, there also is the possibility to ~
P P y Table 1/ NB Yy 0 | OK UYsdbscales2 ¥ { 2/

ch2 2.a S 0(_11_ € .CD ) i Vers. 1: Schneider & Bolte, 2011 (N = 138);
Before we gaininsights into the pre-service Vers. 2: Schneider & Bolte, in press (N = 91);

teacher students” attitudes and concerns Vers. 3: Pant et. al., 2008 (N = 1123)
regarding IBSE particular,we have toanalyze
reliability (Cronbach’s alpha) for each SoC
subscale. For this purpose we want to collect
data of approximatgl 100 preservice teacher
students. These students also function as a
control group sample. Furthermore we want to
collect data of approximately 20 pwervice
teacher students, who will participate in our
PROFILES pservice CPD intervention
programme. Vith these collected data we plan
to analyze mean scores for thseven SoC
subscales and to create SoC profiles
differentiate by our control group and our CPD
intervention group. The data of control group
and those of the intervention group will be
comparedin the frame of § data collection.
Hence, we collect data from the CPD
intervention group at different times {t t, 1, t»)

to analyze possible developments in the 29
LI NHAOALI yiaQ FGdAddzRSa” ?'yrq 02y OSNya Rdz2NAy3I (GKS

The prepost-SoC profiles of the prservice

teacher students are shown ingtre 1.For the
to-to-comparison of CPD intervention group and

control group across ugired ttests, we could

not find any statistical significances. However,

the data analysis shows statistically significant
differences regarding the SoC profiles of controll

group (b) and CPD intervention group.{J. The

analysis resulted in statistidgl significant

multivariate differences (Wilkkambda = .638,

dfl = 7, df2 = 131, p< .01) and statistically

significant univariate differezes in the SoC
atlra3sa a! yoson NI R o
onmE R I' nomno =223l 3SYSy
137, p< .6, d=0C o0 &/ 2yasSljdzsSyosS
3317, d=137,p<.mX R ' dyyoI &/ 2f
(t = 2.131, df= 137, p < .®, d =.57) and

GwS T2 Odz20¢13df= 187(p < .A, d =
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”
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Figurel. SoC profiles of control group (N = 122) and CPD intervention group (N = 16)

Regarding the intervention grougt t, and t,; about IBSE and have also higher concerns on

we observeddifferent SoC profiles.df the So€ mangement tasks: Hall and Hord (20Xtate

aidl 38Sa a! y 02500898y 6R4E5 0 ( thdt a first using of the innovationin our case
p<001,d=376), dal ylI 3SYSBHEBE 06 ianl|BSEapproach- is given when management

df =15,p<.01,d=890 X &/ 2y & Sl dzS y(6d& Dyoricérrs dre higher at,, than at t. For

3.864, df = 15, p < .01, d = 0.97) and SoC subscale/ 2 y & S|j dzS ya®OSNIZ( AG/ y2ef f

dwS ¥F 2 Odzaeiey23adf = o< .al,d = 1. YR T&W$8za A y 3 é-servitek $eachedNB
67) the results ofpaired t-test analyses show students are more concerned ajit Hall and
statistically significant differencesnd according Hord (2011) pointed out that such results are
to Cohen (1962) high effect sizes (Cohen’s d) positive regarding the impimentation of
educational programs, such as the imple
Discussion mentation of IBSE in school practice.
First of all, we have shown thttte adapted SoC NeverthelessHall and Hord (2011¢xplainthat
questionnaire provides similar psychomietr the development of concerns reging
features compared to othestudies (Pant et al. educational programmes or innovations can
2008; see able 1). Hence the adapted SoC take years and deends on the edcational
questionnaire is suitable for further studies. programme Our results show that by means of
Regarding the CPD pservice teacher students the FUB PROFILES CPDgmarame for pre
attitudes and concerns assessnts towards service teachers it has beme possible to affect

IBSE at,,weobserve & LJ2 & A G A @S¢ RS @Kidipantsvatugdds and concerns in a positive
in comparison with our control group and the manner.
CPD group atytas we could identify the typical Therefore we will provide further IBSfiented

profile of a cooperator (according to Bitan coursedor pre-service teacher students to build
Friedlander et al., 2004) at the end of our up a teacher ownership among the participants
theory-based seminartg). in a positive way.

Furthermore, the CPDpre-service teacher
students are at {; more concerned (SoC A)



Outlook

The data collection fott,is currently in progress.
We will present the questiomaire and the
results at the PROFILESonference in Berti
2012. Furthermore, we plan to continueur
research regarding concerns and attitudes
towards IBSE ovéhe next terms.
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2.3

Analyzing the Relevance of Science Education from Students’ Perspectives
regarding Developmental Tasks, Self and Prototype Attitudes and Motivation

Michael Albertus, ClausoBe andNina Bertels; Another approach to determine changes caused

Freie Universitat Berlin, Germany by teaching the PROFILES way is the analysis of
0KS & (i dgelSo/RiofoQpe Matching

Introduction (StoP). Followingéassels and Hannover (2002), a

The Inquirybased Science Education (IBSE) prototype is the stereotypical image a person
centred PROFILES continuous professiomal d  has about the typical representatives of a sjpeci
velopment prgramme (CPD) for science téac ic group. People are constantly comparing their
ers aims at influencing the way of science teac selfimage with prototypes. This influences their
Ay3ad 2F GKS [/ t5 O2dzNBE S a QecididhsNE.d. GHoitdl of ciedreulses andi K S
teachers are adapting the PROFILES approach career) more or less consciously. Kessels and
and to what extent they take ownership of the Hannover recommendhnalying the following
PROFILES science teaching and learnjmg a aspects: (1) attractiveness, (2) social coewp
proaches should be detectable by characterizing tence, (3) sel€enteredness, (4) intelligence, (5)
individual changes and outcomes that thaist creativity, (6) malenesand(7) femaleness.
dents experience throughout the duration of A third modé which describes science classes by
the PROFILES intervention. PROFILES refers to YSIF ya 2F (KS &addzRSyiaQ o6Ay
this asstudent gains the Motivational Learning Environmen{MoLE)
0. 2t0ST wmpppO® {(GdzRSYyiaQ f
Theoretical Framework: Constructs to analyze ment progress is mainly affected by their exp
the impact of the PROFILES intervention on riences with school and with a selt in the
students O2NNBalLRyRAYy3I FASER 2F Ayl
Based on the complexity of IBSE learning, diffe experiences regarding th&lotivational Lean-
ent constructs and methods can be adapted to  ing Environmentn their science classeaffect
investigate the PROFILES influences on students their attitudes towards science in general (e.g.
who are taught by the teachers involved in the  concerning a scieneeslated career choice or

PROFILES CPD programme self ard prototype attitudes) as well as their

Accordingdl 2 | | @ AD8VKIdphBntalTasks engagement in science classes and therefore
Theory(1981, VI), developmental tasks (DTasks) science learning (Bolte, 2006). The MoLE model
NS | aYARglI& 0S06SSyYy Iof Baote/dRigindlly Ratmisted gf S&/eén dimg R

I &220ASGFt RSYI YyRéE D { A EsioRS(Y SdtidacwrsS (2)icbnipreliehsibilityd ()0 y
and should be supported by science education subject orientation, (4) rel@nce of the topics,

(Schenk, 2005). Theyealabeled(1) value (2) OpUv A0GdzZRSYy(1aQ 2LIIR2NIdzy A dASs
concepts (3) vocation (4) self (5) genderand class cooperation and T 0 aldzRSYyGaw oA
(6) body The theoretical construct of devede to participate An additional dimension named

mental tasks may offer valuable insights into the  (8) vocatiorhas been added to the MoLE model
personal relevance of science education that in more recent publications (e.g. Bert&@<Bolke,
students perceive against the backgroumd 2010).

how well they feel supported in coping with the

DTasks in their actual science/chemistry lessons.



The theoretical concepts described above have
been arranged to illustrate the personal eel
vance and perceived realityf science classes.

2 0K UGUKA& Y2RStsz GKS
selected variables are evaluated, especially
stressing tha NJ SFFSOG 2y (KS
choice Agure 1) (Bertel& Bolte, 2010;Alber-

tus et al., 2011).

Questions of Interest

C2NJ Iy S@rftdz GAzy 27F
the PROFILES interventjahe Berlin PROFILES
group focuses on the following resear ques-
tions.

1. Developmental TasksHow do chemistry
lessons support students in dealing with their
school science related developmental tasks?
Which potentials and shortcomings can be-d
RdzOSR FTNBY (GKS atdmSyd
dents from vocational chools) developmental
task assessments?

2. Selfto-Prototype Matching What kind of
seltimage and prototypes do students from
middle high schools and trainees from the field
of the sciences express witespect to emplg-
ees working in the field of the sgices (e.g. in
the chemical industry)?

3. Motivational Learning EnvironmentHow do
students from middle high school and from-v
cational schools (traineegerceivethe motiva-
tional learning environment of their sc
ence/chemistry classes?

Method and Sckes

To answer the research questions we adapted

scales from the studies described above and

developed a questionnaire instrument which

tests- amongst others the following variables:

e The Siencerelated Developmental Tasks
Scales(potentially) relevant fom the su-

RSV (&0 LISNE LGSkt an 5 QEJGPESSY kest the rele

the basis of individual weighting (priority),
and b) on how the students assess their

science-related career choice

2T
motivational learningy) e—
environment
sclence/chemistry lesson Individual
FiguelwSa Sk NOK Y2RSt FT2NJ a
(in the sciences) (according to Bert&€l8olte, 2010) F NP Y

presence in science/chemistry classes ¢pra
tice); (6 subscales with a total of 18 items in
both cases).

e TheSelfto-Prototype Matching Scaleson-
sist of Prototype AttributionsScalescon-
ceming people working in the field of isc
ence/chemistry and the & (i dzR SSElé & Q
Image AttributionsScales(7 subscales with

& Q; toaloRo1 #tehd iA Both ScAILE; foflofitlg
Kessels & Hamver, 2002).

e The Motivational Learning Environment in
Science/Chemistry Classes Scales the
MoLEREAbversion (focusing on how the
students perceive their actual isc
ence/chemistry lessons) and the MoLE
IDEAL version (focusing on how the students
wish thear science/chemistry lessons to be)
(8 subscales with a total of 16 items in both
versions; according to Bolte, 2006)

To investigate these research questions we f

cus on a sample consisting of middle high school

students and trainees from the field of thes-

ences. The sample should ideally consistwf a

proximately 500 participants in each of the two

ANRdzLJA O6b x pnnood

First, we analyzed the reliability coefficients of

the scales we adapted to determine their sgati

tical quality.

Findings

We will limit ourpresentation to those findings
vance and reality of
science educatonN2 Y &0 dzZRSy G aQ
As HBble 1 shows, all scales we adapted proved
to be scientifically credible according to the

LIS N&



Dimension/Subscale
Scale N (for the number of the Dimensions/Subscales
see Theoretical Framework
students | trainees | total 1 2 3 4 5 6 7 8

DTaskselevance 969 502 1471 | .73 .83 .87 | .75 | .81 | .80

DTasks reality 996 508 1504 | .85 .88 92 | 86| .92 | .84

self image 368 514 882 .88 .75 73 | .87 | .67 | .77 | .74

prototype 343 498 841 .90 .83 .85 | 90| .81 | .80 | .80

MoLE REAL 1045 517 1562 | .88 .70 .68 | 64 | .73 | .76 | .62 | .77

MoLE IDEAL 1045 517 1562 | .87 a7 75 | .75 | .76 | .60 | .76 | .55
TablelwSt Al oAt AGE O2SFFAOASYGa o/ NRPyol OKQa FfLKFEOD 2F
criteria of scientific qualityThe scales are obfe a0dzRSyGaQ LISNOSAPSR LISNBRZ2Y

tive, reliable andc considering other studieg
valid.

Furthermore the questionnaireproved to be
helpful and economically applicable.

From the descriptive statistical analyses of our
RFiGlF ¢S OFy 02y Of dzRrS
specive science classes lack support in coping
with the developmental taskg1) value, (3) @-
cation, (4) self, (5) gendand (6) body Howev-

er, the support of(2) conceptsh y
ence lessons is exceeding their personal needs.
When looking at theself and prototype descrp-
tions of our sample it becomes apparent that
trainees show a much closer match of self and
prototype in contrast to the group of middle
high school students.

Additionally, the trainees perceive their science
lessons to be more posie in terms ofMotiva-
tional Learning Environmentsompared with
middle high school students.

Conclusion and Outlook
Based on our previous experiences, it can be
stated that the implementation of PROFILES

modules into science classes can be successfully

evaluated with the questionnaires we presented
above. Especially with MoLE gresttest- and-
dasSa ¢S IINB FotS d2r
GSyuArz2y &aldRSyida¢
science compared witlthe control group ai-
dents who were taught in a cwentional man-

ner (Bolte and Streller, 2012, Keinonen et al., in
press).

From our investigations and analyses we assume
that PROFILES lessons seem to fit better with the

aK2 g

try truct I
FNB Y2 ng \I}:%Sher?\(gl g%tudy of Lear mgra\l‘y

developmental tasks. A better accordan of

relevance and reality assessments should e
KFIyOS adiGdzRSyiaQ oOAYyUNRyairo
regular science course€onsideringthe model

shown in Figure 1, this should cause changes in

GKS addRSydaQ FGdAdmzRSa G2

0 KetaliandTtheR denca (eazing yh (parteulat. I

accordance with the PROFILES approach, science
lessons should focus more on issues and topics
that are relevant to students for a greaterust

4 0 dzR 8y (ider@ gaiar. O
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2.4

My Beliefs and Experiences in Teaching a PROFILES Module

Aiki Jogeva Kaapa Basic Schodstonia

Background

As a biologynd chemistry school teacher waor
ing in a country school and teaching lowerc-se
ondary level students (aged 446) lacking labs
and with poor financial resources, | am tha
lenged to move away from traditional ways of
teaching sciences seen as rather thdmal
Lowerability students tend to lose interest and
even talented boys are often undechieving
which | have found really worrying.

My Concern

In the modern world, developingcientific lite-
acyis crucial because the world is changing so
fast. Youngpeople who are studying at school
now need to makedecisionsin the future and
their decisions will affect the society. To prepare
atdzRSyida G2 tA0S IyR
feel | need to look fomore effective ways of
teaching science. | think &h teaching is not
effective when learning is not happening at the
same time; outcome is more important than
input.

| wish my students to learn how to undertake
scientific inquiry, because it is a useful model for
organising thoughts and actions. | seestlas
essential, not only at school and in science- le
sons, but also as a model to follow in everyday
life. Students need to learn how to notice and
formulate their problems, collect other peoples'
experiences and knowledge, think of possible
solutions, sole problems and assess in their
minds whether the solution is good enough, or
whether they need to find a new one. | am sure
that if we expect lifdong learning in the chay
ing world, then the role of school is to provide
young people, not only with knoetige, but
also with good learning strategiekearning to
undertake scientific inquiry is not only an aim in
itself, but it is also a good way to develop nece
sary competences for life.

My Interest in PROFILES

From the beginning | did not expect to teach
simply biology or chemistry content within ®R
FILES, because this was only one part of the 4
lessonlong module. In these modules | noted
the opportunity to deal with different content
and competences at the same time and | believe
it is a good way of ganising lessons. | hoped
students would not only learn the scientificrco
tent, but they would be more active in taking
their learning process into their own hands. |
hoped they would be more motivated to learn
from everyday situations, learn to notice fro
lems and find solutions on a scientific basis. The
PROFILES modules seemed to be good der d
veloping many competences in school, such as:
communication skills, mathematical comp
tence and basic competences in science and
technology, digital competence,edrning to

g 2 IR, dogfal dompeidaypldsQidnpodadtyfaR 3 L

sense of initiative. | think that we, teachers,
sometimes forget that there is much more in
the curriculum than only the content of our
subjects. My experience is that very often
teachers care morabout what is written in the
text book than what the full range of expected
outcomes should be.

My Teaching Approach

| have used several PROFILES modules in my
teaching. Here | describe how | used one of
them in my class. When teaching acids inrmahe
istry, | decided to include an Estonian PROFILES
Y2 Rdz S Sy A Gd¢ ByRs and r@ad |
Gead LYy (GKS FANRG fSaazy:
we (the students and | collaboratively) were

going to study and we discussed the difference
between scientific andocial problems.

We tried to find out different features of Coke

both scientific and social. Students divided
themselves into groups of 4 persons. This time

they could choose who to work together with.

Every group was asked to choose one feature

and to prepare a presentation for the nextde

[ 2t 1



son. Through reflecting on the aspect chosen
and in trying to create a meaningful presant
tion, students practised identifying problems
and asking questions. They also practiseckima
ing decisions and dividing tasks hwt the
group. | also told them that at the end of the
whole module there will be an evaluation of
their work within the group, related to each
stage, so nobody should stay passive and they
should divide tasks between their members.

In the second lesson,eMistened to the prese
tations (in total there were 5) and discussed the
content and form of each presentation. st
dents pointed out the good and bad sides of
each presentation and put forward suggestions
on how to improve them. Though appreciating
the necessity to give comments, at the end of
each presentation, activated them to listen
more carefully and make notes. By being guided
to be creative, to evaluate information critically,
express their ideas clearly and give or receive
both positive and negatesr feedback, they
commented on the content, logical constru
tion, colours and size of the text, illusti@ns,
presenting process, et@ll these were seen as
important skills for scientific literacy in everyday
life and thus an integral part of sciencedess

As Coke is a very aggressively advertisedl{pro
uct, at least in Estonia, we developed an mte
esting discussion about advertising and how
people are very often manipulated by adve
tisements (ads). Ads are something that we see
all the time and youngeople feel they are a
part of their lives. In biology, we had just dtu
ied aspects of human anatomy and physiology,
so this led to the question on how the brain
works and how the brain can be confused
perhaps an intention of advertisers! Years ago,
the students might well of said that this was not
appropriate for a chemistry, only for a biology
lesson, but my intention has always been to
help students understand that there are no
strict boundaries between different schoollsu
jects. That is why | welcoméHle discussion and
was happy that students had noticed therco

ySOUiAz2yd 2SS g4I §OKSR
¢dzoSQ 06KAOK L KIR
to find details that could influence people to
buy this product. We discussed about tha-i
portance ofcritical thinking in life as a whole
and in science as well. | am sure that this is an
important part of scientific literacy (even if not
expressed mentioned in the curriculum) and |
hope that our activities helped students tau
derstand better. At the end of this lesson as an
introduction to the next and with the main nge
sage that we should not believe everything that
is told to us blindly, we recognised the need to
find additional information to check the facts.
For this, the groups had the task of hging
different soft drinks including Coke which they
could then analyse.

The purpose of the third lesson was to finding
out more about acids. We had studied the topic
of acids earlier, so now we tried to consolidate
previous knowledge and build on thisthre new
situation. | think it is very important for the st
dents to realize that everyday life is linked to
their learning at school and in dealing witheev
ryday situations they can benefit from their
science knowledge. In this way we can combat
an often made student comment that they do
not need the things they are taught at school.
As the school did not have enough titration
equipment to follow exactly the investigatory
work indicated in the PROFILES module, we
decided to change the approach and find our
own way to measure the acidity (pH) of diffe
ent drinks. This was stimulated by students who
had heard, from the media, that high acidity is
considered one of the health risks of Coke. They
knew already that pH can be measured with
indicators and so theywere able plan their
work. They discussed in groups what and how to
measure and set up their own hypotheses. We
also decided to pay attention to the nutrition
and ingredients information on the packaging.
Later students added the pH values determined
and ngredients found on the packaging into a
big grid, drawn on the board, so that everybody

az2vys
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could see the results and also record these in
their notebook. Based on the grid, the students,
as a whole class, were able to compare drinks
and discuss why one or ather drink would be
good or bad for their health. They decided there
was not an ideal drink (or maybe this was water,
but this depended on the circumstandgsand
they decided that, in reasonable amounts, they
could drink any of the studied liquids. Dugin
this simple yet scientific learning activity, which
did not require much by way of resources or
equipment, students learned how to plan an
experiment, carry it out, set up hypotheses,
collect and interpret data, present outcomes
and draw conclusions. Andbove all, the st-
dents enjoyed doing it.

In the fourth lesson, we turned back to theb
ginning and held a discussion to try to draw
social ¢ scientific conclusions. The students
wrote their conclusions into their notebooks, as
well as giving oral feedlo& to both me and to
each other about what they liked and had
learned during the four lessons. | gave feedback
to the students about how they had worked in
my opinion and what | had noticed.

All students said to have enjoyed the lessons a
lot due to the nvestigatory work and the oppe
tunity to be actively involved. They seemed to
enjoy working with the contexbased course
materials and participating on a contelsed
teaching approach. Most students said they had
enjoyed the discussion on social probkerne-
cause there were not many lessons where they
could do that. Sometimes it seems that science
can be better communicated and certainly it
seems more motivational, when we use the
everyday interests of students as starting points.

Conclusion

As a resultof this simple example of context
based learning within a Scien@echnology
Society (STS) approach, my students said they
have started to notice both scientific and social
problems, learned to divide tasks and take r
sponsibility, make better presentatign plan
their own scientific inquiry, draw conclusions

and evaluate the work of their work. | noticed
0KS aGdRSyitaQ RS@St2LISR
manipulative skills, as well as communication,
problemsolving and decisiecmaking skills.

| think using themodule was worthwhile, &-
cause students were active and the learning
opportunities seemed to make sense for them.

It was interesting to get to know about their
attitudes and see how they were learning and
doing things better next time. This salled STS
approach seemed to attract students and | am
planning to use more PROFILES materials in my
lessons during the new school year.
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Identifying Teacher’s CPD Needs for Self-Efficacy in PROFILES

Ana Valdmanng University ofTartu andTartu
Kommerts @mnasium, Estonia

Continuous professional development (CPD) is
shown to have a positive impact on curriculum
implementation and use of pedagogy by thac
SNAZ la oStf I a
their relationship with studnts (Craft, 2000).
Although CPD can have many orientations, at its
core are (a) teacher reflectionand (b) teacher
enhancement  of  pedagogical content
knowledge (PCK) (Day, 1999).

Driving the provision of a meaningful CPD within
PROFILES is the identfion of teachers needs,
indicating gaps in the understanding or beliefs
of teachers towards a new paradigm (for exa

ple, education through science& Holbrook
2010) and ways to relate this tearious ped-
gogical practices components, such as nativ
tion, constructivism, NOS and inquibased
learning. The intention is that through the B8R
FILES CPD, teachers build up the competence to
appreciate and operationalise the new dire
tion.

But this is not enough. Teachers also need the
confidence to implement theideas in their
teaching. This competence and confidence is
referred to, in PROFILES, as-efitacy. Ba-
dura (1977) introduced the concept of self
efficacy beliefs in which he proposed that belief
Ay 2ySQa loAftAdGASAa o1 a
influend y3 aY20A0F GA2Y
Teachers with higher levels of sefficacy tend

to be open to new ideas, demonstrate greater
levels of planning and enthusiasm, and are
committed to their profession (Tschannen
Moren et al., 1998; 2001), promote positive
classromn behaviour management (Emme¥
Hickman, 1991), are less critical of students
when they make errors and are willing to work
longer with struggling students (Gibsé&hDem-

bo, 1984). Furthermore, teacher efficacy is also
fAY1SR (2 &idzRSy studént
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motivation, student selesteem, and student
achievement (Midgley et al1989).

Teacher Needs Questionnaire

¢2 RSUOSNXYAYS it e CkSHI Wy SSi
PROFILES, a carefully constructed and validated

YR
items that formed the following 10 subscales

1. nature of sciencgitems 16),

2. STL (items-11),

3. objectives of education (items 1I5),

4. inquiry-based learning (items 1869),

5. learning environment (items 229),

6. motivation (items 3€35),

7. assessment (items 340),

8. theories of education (items 446),

9. selfanalysis (items 430),

10. integration (items 5152).

The questionnaire, exhibiting a high internal
O2yaraitSyoe F 2 Mdnfidencé@ OK S NI
0/ N2yolOK hIrnXdpv FefR GNI A
G§SyO0S0v o6/ NRBYyolOK hI'nXcdyovs:
volunteer teachers wishing to pigcipate in the
CPD programmedn the questionnaire, teachers
were asked to rate their competence and their
training needs on aolr-point scale (1¢ not at
I £ £ ¢ definitely). Thirty two teachers: 11ib
ology, 11, multisubject, 9 chemistry, 1 physics
teacher participated.

I LJ2 ¢ S NJF dzt
Rindidge
Of the 52 items include six were shown to be of
particular importance for the CPD programme
0 Y x)o(Paple 1).
Two of these items relate to inquiry learning
seen as a crucial PROFILES componentaand
important part of the 3 stage model (Holbrook
& Rannikmae, 2010) while two items relate to
scientific and technological literacy (STL), &igni
icant for a new Estonian curriculum (Estonian
Curriculum 2011) as well as Eape wide (EC,

RNAGAYy3 F2NOS:

| F Z087Q (Thei®ms,IWB dhéikcarresponding

means and SD, are illustratedTable 1:



Emphasis for Course

Mean

SD

Q17

Guide students to pubi-
ward scientific questions
and hypothesis for invest
gation

(Inquirybased Science k&d
cation)

3,6

,56

Q34.

Encourage setfotivation
by students in sciencede
sons (Student motivatiop

3,5

Q16.

Distinguish between

o ( NHzO (I dANEBRRIA
a2 LISy {ngdjndzA N
based Science Education)

3,5

,67

Q10.

Guide students to deal
creatively and justify the
socioscientific problems
(issues)STL)

3,5

Qo.

Guide students to use thi
acquired knowledge and
skills to new situatins
(contexty (STL)

3,5

Q3.

Explain to students the
difference between scienci
and pseudescience.(Na-
ture of Science)

3,5

51

¢l ofSs
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confidence by teachers.

I A3K SYLKI aAa

OYXHZpVU
eight items, although thesdid not overlap with
the high level emphasis for CPD content (Table
2). Two items related to assessment and dmnot
er two to selfreflection. Within the assessment
field, formative assessment is a rather nep-a
proach in Estonian schools but highlighted ie th
new Estonian curriculum (2011). In the light of
the new curriculum, a lack of teacher self denf
dence is not surprising and the need for CPD in
this area. Table 2 illustrates items given low self

o 4

Seltconfidence items

Mean

SD

Give meaning to ZPD (zone d
proximal developmentjEdi-
cation theories)

19

,84

Aware of SDT (self deternain
tion theory) to motivate the
students.(Education theories)

1,9

Make selfreflective teaching
videotapes(Self refledbn)

2,0

Carry out action research to
raise effectiveness for my
teaching(Self reflection)

2,1

Undertake a range of forax
tive assessment strategies
with one’s own students
(Assesment)

2,3

Assess students knowledge
and skills by their ptfolios
(Assesment)

2,3

4

Distinguish between intrinsic
and extrinsic motivation of
students(Education theories)

24

N

Teach in a constructivist ma

ner so that students are giH

ed to construct the meaning
b off &knowl@deEd&datibn the-

ries)

2,5

FS1d S ters BxFOiing e 1ovt
OYXHZpoU

In developing the CPD programme, it was also
considered useful to be aware of the biggest,

st Rifmfidence

significant mean differences between setbn-

fidence and competence (emphases for csur
es). For thisZ is an indicator of the difference
in value between the two items (on a different
set of scales) and P shows there is a statistically

significant difference in each case.




Items Slf-confidence Emphases Difference
for courses

e e rotono | 27 | wmas | e
lems SD=0.60 SD=0.57 P=0.00
Q16: Distinguish between structured, guided and M=2,5 M=3.5 Z=4.0
open inquiry SD=0.62 SD=0.67 P=0.00
Q17: Guide students to puforward scientific que- M=2.9 M=3.6 Z=35
tions and hypotheses for investigations SD=0.55 SD=0.56 P=0.00
Q37:Undertakea range of formative assessmesitate- M=2.3 M=3.4 Z=39
gies with one’s own students SD=0.72 SD=0.71 P=0.00
Q42: Give meanmto ZPD (Zone of proximal deveio M=1.9 M= 3.4 Z=-42
ment) SD=0.84 SD=0.74 P=0.00
Q43: Aware of SDT and sadfualisation to motivate M=1.9 M=3.4 Z=43
students SD=0.7 SD=0.74 P=0.00
Q44: Distinguish between intrinsic and extrinsic 1ot M=2.4 M= 3.4 Z=3.7
vation of students SD=0.66 SD=0.74 P=0.00

] . : . M= 2.0 M= 3.1 Z=3.8
Q47:Make selfreflective teaching videotapes SD=0.77 SD=0 88 P=0.00
Q48: Use of action research to make teaching more M=2.1; M=3.4 Z=44
effective SD=070 SD=0.75 P=0.00

Table 3. Significant differences between confidence and competence items (Wilcoxon Signed Rank for the

Y%y o ®dp 0

Two items related to assessment and another
two to selfreflection. Within the asessment
field, formative assessment is a rather nep-a
proach in Estonian schools but highlighted in the
new Estonian curriculum (2011). In the light of
the new curriculum, a lack of teacher self denf
dence is not surprising and the need for CPD in
this area. Table 2 illustrates items given low self
confidence by teachers.

In developing the CPD programme, it was also
considered useful to be aware of the biggest,
significant mean differences between setbn-
fidence and competence (emphases for cur
es). Br this, Z is an indicator of the difference
in value between the two items (on a different
set of scales) and P shows there is a statistically
significant difference in each casdhis is illg-
trated in Table 3.
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Hazard from Above ¢ Which Sunscreen Should We Choose? Development &
Implementation of a Module on Sunscreen in an Israeli Teachers' PROFILES

Course

Boaz Hadag ShimonBenZvi HighSchoaql
Israel,

Sofia leydermag Rogozin HigkSchoallsrael
Irina Raimang En Karem HigkSchool, Israel
Guidance by: Dvora Katchevich, Malkayofa
Rachel MamloiNaaman and Avi Hofsteirg
Weizmann Institute of Science, Israel

The Sunscreen modulerationale & concepts

A PROFILES modul&lazard from aboveq
Whidh sunscreen should we choosefds de-
veloped bya group ofisraeli chemistry teaches
participating inthe PROFILE®Bachers'profes-
sional development programmaitiated bythe
ScienceTeachingDepartment at the Weizmann
Institute of Science. The module was developed
according to the principles and rationale of the
PROFILES project.cAoding to the philosophy
and rationale of the project, the approach is
expected to be studententred. It includesn-
quiry-based activities, which contribute to dec
sion making in relevant topics related to eyer
day life. The module emphasizes the usdmf
quiry skills by using instructional activitiesuch
as: acquiring information on the web or through
research experiments conducted in the chemi
try lab and other activities that direct the wst
dents towards social research by performing a

market poll dout the product and its consupa
tion.

Sunscreen is a product aimed at protecting its
O2yadzySNBEQ KSIfdKzZ 0 dzi
cosmetic products or drugs, it is perceived by
youths as a "sexy" product, because it is related
to sports and leisurectivities, on the beach or
in swimming pools, in such Mediterranean
countries as Israel, and perhaps at ski resorts in
European mountainous countries.

From a scientific perspective within chemical
education, the subject allows one to teack-a
pects, suclas the interaction between radiation
and matter, emulsions, and how they areopr
duced. From a social and educational perspe
tive, this module is aimed at creating an aear
ness of the hazards originating from a long e
posure to solar radiation (a habit vepopular
among Yyouths in Israel), as well as understan
ing the meaning of the SPF number (Sun Rrote
tion Factor) that appears on the product, how
these numbers are determined, and what they
depend on.

Overview of the moduleg contents
The SunscreenPRORIESmodule includes st
dent activities, an evaluation sheet, directions

%



for the handin assignments, as well as a thac
SNR& (dzi2NRI €
ent parts and the scientific background. The
students' activities are as follows

1. Introductory Scenariog exposing the sor
ject to the students by use of short video
clips on the weband short blogs, followed
by a written assignment that guides theust
dents through the brainstorming process, by
asking questions, and making inquiries into
some of the subjects using the web. The
goal of the first activity is to present the
subject in a way in which the students' cur
osity focuses on the subjects in question,
and it also enables the students to obtain a
general understanding of a sunscreen.

2. Market researchg This involveslesigrning a
survey aimed at compaing the products
available on the market, orconducting a
consumer surveyStudents, by themselves,
define the objectives of the survey, bug-r
ceive specific guidelines concerning the r
guirements of the assignment; this includes
methods, results, and conclusions. The goal
of the second activity is to allow the wst
dents to reveal the social aspects of thésu
ject and to motivate them to inquire fu
ther.

3. Investigation in the Laboratory; As apre-
liminary experiment, the students prepare
hand moisturizing lotion. Ultraviolet seans
tive, colourchanging beads were found to
be a simple means of detecting UV m&di
tion. At the next stage of the research activ
ty in the laboratory, the students plaand
execute their own original experimentai-i
quiry, related to a sunscreen product. The
goal of this component of the learning is for
students to acquire research dgjl andto
learnthe subject in an experiential way

4. DecisionMaking ¢ Students write a sum-
mary of the module, which relates to var

Ay Of dzRA Y 3

ous aspects learned on the subject thrbug
| out B8 task,NaRdLdifek direftly @ The @rok S
cess ofmaking a decisionabout a suitable
sunscreen.

The module's @acher's Guide presentbe se-
guence of teachingctiviies; it includesstudent
activity sheetsareview ofthe relevant scientific
background, and alsallows teacherdo assess
students' activies The role of the teacheas an
activity coordinator is altered.Ratherthan the
i S OKl&shiddgie in fontal teaching,the
students play a central role in this educational
programme Nevertheless, the importance of
the teacher's involvement idirecting and initi-
ating discussions throughout the modulas
well as broadening and adding relevant
knowledge to he subject, is emphasized.

Implemertation of the Sunscreen module and
Reflection on its Value

The sunscreen module was implemented, by
those teachers involved in its development, in
three different highschools. Adaptations of the
module were made in aotdance with the
charecteristics of the students chosen,
specifically, their age, skills and prior
knowledge. All students in the different groups
demonstrated excitement and enthusasm
related to the versatile and alternative way of
learning, which was waluated in a different
manner. The students' interest and their high
involvement in the process indicated that the
stucture and content of this activity fittedsthe
targets and goals that had been set, namely
establlishing relevance.

One of the groups thaexperienced the activity
was unique, because all the students were new
immigrants in Israel, coming from the former
Soviet Union,with a climate and radiation
exposurethat differred entirely from that of
Israel In this group the module had an even
bigger impact. The parents were also involved in
home assignments and thus experienced the
involvement and awareness as welNdw we

RATT



understand the importance of using sunscreen in
Israel" Educating through science helped in
integrating the new immigrant stlents and
their families into the Israeli lifestyl8oaz the
teacher says:

GThe teaching of the sunscreen module at my
school was divided into 1P lessons, and it was
the highlight of the educational activity in the
chemistry class all year long. Frone curricular
point of viewg the module had little connection
G2 GKA& &SI NBRQ
subject and the interest shown by the students
made me realize that | had made the right
decision. | felt that allowing my students to
studyin a different way, to be creative, involved
and inquisitiveg raised the level and quality of
the educational activity in class and made the
adivity fun to my students. | think that
integrating this kind of activity into the regular
and mandatory corricum was essential for
creating relevance to everyday life, and for
strengthening students' pride in choosing a
subject to major in during their higéchool
years¢

Some students' reflected on their experiences:

oFirst of allg | loved the subject of thiactivity. It

is relevant and close to my everyday life,eesp
cially because it is now the beginning ofrsu
mer. After participating in the different activities
and tasks, you realize for the first time how a
sunscreen really works. Next time that | will be
exposed to the sun, I will put on sunscreesy, b
cause | understand the importance of doing so.
In addition, learning through planning andrpe
forming my own experiments has been more
interesting and challenging than the traditional
way we usually study iassé

¢Everything I've learned during the course on the
sunscreen module changed my attitude towards
it. All the hazards related to sun radiation that
I've encountered caused me to think twice- b
fore | decide not to put on sunscregn!

Boaz says:

A woul like to introduce more teachers to the
option of integrating PROFILES modules into
their science education curriculum. | think it is
important that teachers who teach other
subjects know what is happening in their
classroom, and recognize the possibilibf
upgrading the educational work and classroom
teaching by various means. | intend to share this
experience with all the teachers in my high

def f | 0dzashooldzid tolsikak the ¥unizmidn mgddswit? T

the rest of the community of chemistry
teacherst
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Development of the PROFILES Community of Practice in Austria ¢ CPD
Provision, Teaching Modules and Teacher Reflections

llIse Wenzl ¢ University of Vienna and Bu
desrealgymnasium BRG 18, Austria

The PROFILES project aims at ensutiegim-
provement of science education in the das
room with respect to promotinghe meaning of
the nature of science andncompassing@du@a-
tion through scienceFor this, he project pp-
motes inquiry learning and the engagement of
students in creative, samific problemsolving
and sociescientific decisiormaking procedures
(Kremer 2010. Thesegoak are expected tde
approachedthrough inquirybased science ed
cation (IBSE@mbedded in the PROFILES 3 stage
model

Teachers arsupported in 3 key ways:

(a) Guided by continuous professional ddve
opment courses (CPD courses) using the d
dactical expertise of the Austrian PROFILES
team at the Austrian Educational Coaip
tence Center (AECC Biology) of the Univers
ty of Vienna the CPD mgramme enhances
the professionalization of IBSE

(b) Teachers areriented to develop materials
(modules) ér classroom teaching, seen as
bottom-up approach based on a vitak-e
change between colleagues (Blonder, Kipnis
et al., 2008).

(c) After implementation of the modules in
sciencelessons, teachers are encouraged to
jointly reflect on the gathered experiences
by each of the teachers.

First steps of the Austrian PROFILE&mM at
the AECC BiologyModule development

The Austrian PROFILESam received their in
tial impressionof the PROFILES philosophy-
ing a workshop on Inquiry-based learning in
Tallim, Estonia May 2011 After acquiringap-
propriate knowledge and informatiomthrough

this workshop,the team started to develojits
first modules.

Modules developed within thd® ARSEproject
(www.parsel.ey, a forerunner to PROFILES
promoting inquiry learning through a 3 stage
model, were helpful for this work.

The team at AECC chose as the focus of its first
Y 2 R dzA $ouriéh of green: the meamg of
LIK2G2a8yiKSarasdd ¢KS AYyAGA
module was followed by reflection phasesrdu
ing which the module was further revised and
piloted in BRG 18 gymnasium, with one class of
fifth grade students.

Figure 1. Pupils working on the module gimotosynthesis

Two other modules were developed, reflected

and revised in the same waggh NA Sy G GA2Y

gAfR 06SSa¢ | yR
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All three modules were translated into English
and put on the Austrian PROFILES website:
http://ius.uni-klu.ac.at/misc/profiles/pages/
materials

Setting up a community of practice

The process omodule developmentwas sip-
ported by implementation of the theoretical
02y OSLIWi 2F | a2 OFrD$ESR
Teacherswere invited to workwith the AECC
team on suggested or setfhosen topicsaiming

G{ lGdeyot Ay 3
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http://www.parsel.eu/
http://ius.uni-klu.ac.at/misc/profiles/pages/%20materials
http://ius.uni-klu.ac.at/misc/profiles/pages/%20materials

at mutual module development,classroomim-
plementation and teacher reflection. It was
recognized that ¢achersneed to develop a
sense of ownership fasuchinnovative teaching
materialsso as toimplement thesesuccessfully
in their daily practice (Blonder et., 2008).
Another positive effectwas the feeling of e
complishmentby good teamwork and successful
products.

The CPD course

The CPD courssasran by the AECC Biology in
cooperation with the Applied University for

Teacher Education dnthe Science Network of
Vienna, consistingf two professional seminars
in September and Novembe2011

First CPD Meeting

The firstCPDtookLJt I OS dzy R S Njgcti K S

ideas for the EU project PROFILESIinquiry
learning in Biology, Chemistry and Phydtck-
catiore 4 GKS 19/ /
na). During ths meeting the PROFILES project
and its philosophywas introduced to give
teachersan initial impession of the project. A

f SO0 dzNB inguify learniagk § @ K avasa £
given.

One central aspeavas how to create modules
which incorporateinquiry learning assignments.
Selected materials from the project PARSEL
were presented and the participantwere en-
couraged to implement onef thesemodulesin
their teachingbeforethe next meeting.

Second CPD Meeting

During the second meetinifpe teachers reflet:

ed on ther implementation ofthe Biology oF

ented modules introduced in the first meeting.

At the end of the meeting, to facilitatdurther

module development the participants agree on

additional modules irfive different areas:

e Photosynthesis Investigation with chro-
matography

e MicrobiologyandBacterial growth

e Germination experiments

e Bones and bonstability

e Comparing Hernative enery sourcesto
those fromconventional energgources.
According to their interestparticipants work on
these topicareasin teamsand developed PR-

FILES teachingodules.

Further meetings; dynamic arises

The PROFES teachers mé two more times

(February and May 2012) at the AECC Biglogy

where they discussl and refleced on the pio-

cess of module development in teams. These

interesting and very successful phases of efle

tion push work forward because teachers hav

an opportunity to:

o talk about theirexperiences includingnse-
curities

o reflect the module fromdifferent point of
views (content, professional and practical

0 dirdiehstory) @t NJ

e report on the implementation of the mad-

ulesand the reaction of pupils

. A Bt 2 Q) particidnveiiBndare fof the Tooskivk §

pects of these meetingsSome reported about
time constrains

Similar to the CPD meetings Autumn 2011,
another PROFILES introduction seminaas

held in March 2012 with newteachers The

community is expanding.

Reflecton and outlook

Within the field of Biolog¥ducation irthe Aus-
trian school systemthe tradition of teachers
working as a community of practicein the
sense ofpromoting inquiry learning islargely
unknown.That is why it is all the more gratifying
that a group of interested teachermteracted
together within thePROFILES8oject to mutud-
ly work on various ideas and moduléstst vi$
ble successes arthiree developed modules so
far and the planning of further one§eachers
were found to bevery interested in the PRO-
FILES projecbut the temporal expendituréor
teachersturned out to be a challengédowever,
the reformation of the school leaving exarain
tion in Austriawhich has emphasied student



Figure 2. CPD meeting with PROFILES teachers

acquisiton of competenciesvas seenas one
framework conditionconducive to theantroduc-

tion of the PROFLES approach in schoblse
PROFILES modulas promoting a variety of
aidRSyiGtaqQ O2YLISGiSyOASa
same timeintending a motivational apprazn
were seen as able tstrengthen the develp-
ment of such competencies. In addition, this
approach increask teachers' acceptance and
willingness to invest their effort and work.

The further development of the PROFILE&- pr
ject is supported bya planned collaboration
with the sparkling science project KiP3 (Kids
Participation in Research) at AECC Biology. This
collaboration offers an additional opportunity to
develop and implement the PROFILES modules.
Moreover,another collaboration is being eska
lished:as fromAutumn 2012 the team of AECC
Chemistryat the University of Vienna witlartic-
ipatein the PROFILES project.

The aim of implementing the PROFILES modules
at different school locations seems to be reali
tic. At the same time the established comniiyn

of practice isexpectedto be maintained and
further developed.

The possibility to receive valuable feedback
from the international PROFILESmmunity is
supporting the development of modules as well
as the development of the community of mra
tice. Thus, within the first phase of the CPD
course it was suggested to put more emphasis

on the sociescientific approach in science @d
cation in order to strengthen the focus on the
intrinsic motivationof students The PROFILES
modules should also enable swmts to gain a
conceptualization othe nature of science and
apply it in reflecting on sociescientific daily
decision making. The Austrian PROFILES- mo
ules will be revisedurther to guarantee this
important aspect as well.
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What Have We Learned? The Impact of the PROFILES Instructional Approach

on Cypriot Students

Yiannis Georgiou and Eleni A. Kyz&yprus
University of Technology, Cyprus

Introduction

G9dzNR LIS ySSRa Y2NB
chosen for the high level group report published
by the European Comission (2004). Indeed,

this urgent call reflected the current situation

since upper level students often lacked interest

towards learning in science (Eurydice Network,
2011). Expository didactic approaches, as well as

the detachment of science teaching foau-
thentic contexts related to daily lives and s®ci
ty, have been blamed for this failure. Aiming to
IFAYy &aiddzRSyiaQ
Y2@SYSyi & dzLJLJ2 NI &
could be increased when the learning contént
embedded within authentic contexts related
with important societal issues (Chinn & Ma
hotra, 2002) and when fostering active and-co
laborative participation. Aese perspectives are
aligned with several recommendations protno
ing the inquiry approach for teaching and Iear
ing science.

The PROFILES Project
PROFILES is a feurar European project aiming
to contribute to the mitigation of this situation
by promoting inquiry learning and teaching.
More specifically, in Cyprus the-$ervice se
ence teachers participating in thecal PROFILES
network were asked to collaboratively design
and subsequently enact inquityased teaching
modules. Following a threstage approach, the
participating teachers engage in designimg i
quiry-based modules that:
e are based on an authentic staio related
G2 adGddzRSytaQ tA@Sas
e actively involve students with technology
enhanced inquinbased investigations,

e engage students in a decisiomaking po-
cess asking them to take an evideneed
based stance.

This article seeks to address the questioh

a OA @hativiezhava kearnédl frdm theKeSperiénaelot S
the first PROFILES teacher network in Cyprus,

particularly as this relates to student gains.

Methodology

Research goals

Science educatiom as promoted by the R
FILES projeat can be considered successftil i
the inquiryd 8 SR Y2 Rdzf S&
motivation to engage in meaningful learning

Cyprus; in this context, we investigate whether
these modules motivate thstudents.

Teaching interventions

The PROFILES science teachers in Cyprug deve

oped seven inquipased modules, based on

0KS twhCL[ 9{

proach. Two of these modules are:

1. dbl GdzN¥ £ 3IFay |
oped by seondary school chemistry tehe
ers)

2. a{ K2dzZ R
FaaAadsSR
biology education middle school group).

Both modules were designed around a secio

scientific scenario; the chemistry module was

designed fo five 40minute sessions whereas
the biology module was designed for five-80
minute sessions. Both employednarrative of

local interest (the discovery of natural gas in

Cyprus, a young couple facing difficulties im-co

INISYAE | yR

Ay G SNBE & labod ycidrise. Thas)oliryeEeardh goadN@euis bry 3
0 K I U exadidirdgRHe YPIROFILES AmbduleN&hacted in
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OdzNA S

/

AYONBI 3

G F

2 N

2ad

NBLINR RdzOG A 2y Ké

ceiving a baby) to motivate studentQ Ay i SNB &

learn about natural gas and human repradu
tion.



Biology module Chemistry module
MeanValues Mean Values MeanValues Mean Values
STATEMENTS REAL IDEAL [ REAL TODAY p REAL IDEAL p REAL TODAY p
I enjoythe lesson 4.85 6.14 .000* 4.88 522 .000* 4.03 5.37 .000* 4.01 5.35 .000*
lunderstandthe lesson 5.59 6.37 .0o0* 5.64 5.50 .017* 4.7a 5.57 .000* 4,74 5.47 .000*
I have time to think before | answer 5.29 5.96 .000* 5.29 5.96 .000* 4.37 5.40 .000* 445 5.25 .000*
I make suggestionsto myteacher 4.94 5.65 .000* 5.02 478 201 311 4.86 .0o0* 3.14 432 .000*
I malke questions to my teacher 5.53 5.96 000" 5.58 5.66 300 4.47 5.34 .0o0* 4.50 4,99 .000*
I make an effortto understand 571 6.32 .000* 575 6.02 .000* 4.84 5.47 .000* 4.86 5.45 .000*
| participate in the lesson 6.00 6.43 .ooo* 6.02 6.14 072 4.45 5.39 000" 4.49 494 .000"
Students co-operate 4.50 6.03 .000* 4.47 4.68 .021* 4.27 5.50 .000* 4.24 5.70 .000*
My class makes an effort 5.05 6.08 .ooo* 5.04 5.30 .000* 4,54 5.44 .00o* 4.53 5.58 .000*
Issuesimportant for everyday life 5.60 5.85 .002* 5.64 5.96 .000* 4.68 5.66 .0oo* 4.64 5.62 .000*
Issuesimportant forthe society 5.52 5.62 193 5.52 5.7 .003* 4,43 5.29 .000* 4.43 5.29 .001*

*Statically significant difference {p=<.05)
J 4 L )

Table 1MoLE results for biology and chemistry module

Sample

The chemistry module was implemented to a
total of 171 16" graders (82 boys and 89 girls) at
five different public schools. The biology module
was implemented in all of the publictsools of
the island. However; the results presented in
this article were derived from 413"7graders
(199 boys and 214 girls) from four different high
schools.

Data collection

Data were collected through the MoLE (Bolte,
2000) survey that was universalkmployed by

all PROFILES partners. The survey consisted of
three different versions. The REAL versioty, a
ministered before the teaching intervention,
FAYSR G2 02ttt SO
science lessons. The IDEAL version, againnadmi
istered lefore the teaching intervention, aimed

G2 O02tfSOG addzRSydaQ @A
lesson. Finally, the TODAY version, administered
after the teaching intervention, aimed to collect
a0dzZRSy G aQ @A S g-hased malals]
implemented. Thus, th aim of the questio-
YEANB gla G2 SEFYAYS
gains, if any, after their participation in the
PROFILES inquingsed modules, by comparing
the three versions.

[j

Data analysis
During the data analysis process, RHEHMEAL
versions as well aREAITODAY versions were

Scale 1-7 (1 =Strongly disagree and 7=Strongly agree]

compared by employing the -test paired
sample statistical test.

Results
REAL Vs IDEAL version
¢rofS M O2YLI NBa addzRSyidaq

real and an ideal science lesson. As Table it ind
cates, biology as well as chemistryudgnts
seem to consider that current lessons are less
motivating when compared with the idealde
sons which they envision. More specifically, this
comparison reveals that students desire to-e
joy and to understand the lessons more, to have
more time to think before providing answers to
questions, to have more opportunities to make
suggestions as well as questions, to make more

4 0 dzR S yeffort @ udiler§and, to2particigated ok, itd 2 v I

collaborate to a greater extent with other st

dents as well as to be taught about issuthat

&as Both lrefedadiiio they dallyRliels ind 3@ A Sy OS
society in general. Such differentiations ara-st

tistically significant for both the chemistry and
tofogystyderdsh NEB

REAUARST QMAY Gersiori2z G A @ GA2Y
As presented in Table 1 the comparison af-st
RSy (i aQ epaidniStiedréal ahtd the today
versions indicate that both the biology as well as
the chemistry students express that the inquiry
based lesson significantly improve their exper
ence of learning in science. More specifically,
this comparison reveals thattiglents unde-
stand and enjoy the inquirpased lesson more



than they had, previously, enjoyed traditional
ones, they have more time to think beforea
swering a question, they have more opportun
ties to make suggestions and questions, they
invest more effot, they participate more, they
collaborate to a greater extent with the other
students and they are taught about issues that
are more relevant to them. In the case of aine
istry all of these differentiations are statistically
significant, whereas in the sa of biology these
differentiations are statistically significant in all
but three aspects.

Discussion

G9dzZNR LIS ySSRa
cording to Bolte & Streller (2011) this will not
happen if science education is not meaningful
for students,if students cannot relate what they
are taught with their lives and if instruction does
not motivate them. Following this reasoning,
the findings of the present study create a sense
of optimism since students who were taught
with the PROFILHfsed modulesrevealed a
great desire of involvement with the learning
process and found the instructional context
more meaningful.
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Conceptualizing Science Education

Eleni A. Kyza and Yiannis GeorgiQuCyprus
University of Technology, Cyprus

Introduction

Scientific literacy is an issue of paramoumt- i
portance in evey modern society. However,
when it comes to public understanding, it seems
that there is no consensus regarding what- a
pects should be addressed within the regular
science education curriculum or how scientific
literacy should be promoted (Bolte, 2008)c-A
cording to Osborne (2003), in most societies,
aspects that are both important and salient
within a given domain are usually defined by the
academic community. In such a case though, the
voices of educators, scientists, students and
other stakeholders areuppressed. Taking into

I O02dzyG Fa Ylye 27
possible could result in a more inclusive and
acceptable construct since it would reflecthpu
lic opinion and not merely the ideas of a specific
stakeholder suklgroup.

Methodology

The PRFILES Delphiusly

Within this framework, the PROFILES project
aims to gather the views of different experts

regarding aspects of science education that are
considered to be pedagogically desirable for the
AYRA QDA Rz § Ay G2RI&Wwa

2012). The method selected for eliciting the

in Cyprus Using a Delphi

Method

not directly involved with science education
(e.g. parents).

Research goals

The PROFILES Delphi study sought to address

the following research questions:

1. Which aspects of a desirable science educ
tion do the partigpants consider as being
important in Cyprus?

2. Which conceptual framework is considered
important for science education?

Data Analysis and Findings

Delphi $udy Round 1

The first round of the Delphi study consisted of
3 openended questions in which partmants
were asked to express their ideas abouteo

0 K S teatfidoriteXtK asf welSa¢kh@ dedelofngedit ofl

qualifications within the frame of science educ
tion. More than one thousand statements were
gathered and were qualitatively categorized in
87 categories; 21 ofthese categories referred
to contexts, 22 referred to contents, 22 of the
categories were referred to scientific fields, 11
referred to qualifications and 11 of these eat
gories concerned methods.

Delphi $udy Round 2
Within the second round of the studyhe pa-

dicpants Yéred askéd{taCaksess thé&87 eategored (G S =

in terms of their priority and extent of current

all 1SK2ft RSNAR Q -9tageS Paiphi A & prattice (TébI5)SIn addition, they were asked

study. The work described in this article focuses
on the results derived from #hfirst two rounds
of a Delphi sudy conducted in Cyprus within the
context of the PROEES project.

Sample

A total of 96 participants completed the first
and second round of the Cyprus Delphi study.
More specifically, these two rounds weren-a
swered by 48 high school students, 18sarvice
science teachers, 12 science educatioe- r
searchersas well as by 18 individuals that were

to group these categories into combinations
that they considered important in order to form
a concepual framework regarding desirable
science education.

Priority Assessment

Employing descriptive statistics, and based on
the mean value of each category, it seems that
0KS / @LINR2U
adlyRAYy3 27
portant aspect. At the same time, the paitic
pants gave priority to several other qualdic

LI NI A OA kI v i a
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tions such as the development of skills (e.g.
inquiry skills, social skills) and they emphasized
the importance of teaching concepts that are
directly relatedto society (e.g. environmental
actions, Health Education). In contrast, the ten
bottom categories referred mainly to scientific
fields such as meteorology, geology, etc.

PracticeAssessment

The study participants considered several frad
tional scientificfields, such as physics and rat
ematics as being practiced to a high degree. In
contrast, they considered scientific fields such
as medicine and geology as being practiced to a
low degree.

Priority -PracticeDifference
As presented in Table 1, accordita priority-
practice differences of the 87 categories that

teaching through less traditional contexts such
as outdoor advities or digital games. In oe
trast, the lowest gap among priority and gra
tice was recorded for more traditiomaopics of
instruction.

AcaossGroups Gmparisons

Focusing on the differentiations observed
among the four sulgroups regarding their pr
ority and practice assessmentas well asthe
priority-practice difference, the groups ofstu-
dentsand teacherspresented the most statist
cally significantifferences, whereathe groups
of studentsand othershad the lowest number
of statistically significant difference$iowever,
the assessments of the sample groups do not
contradict each other but instead represent
different emphases.

were assessed, it seems that the participants  ConceptuaFamework
believe that there is a great gap among the-ca  TKS |yl feéaira 2F GKS NI A
egories regarding the development of quakfic identified two main clusters reflecting distinct
tions (e.g. inquiry skills, personality competen conceptual frameworks regarding desirable
es), theinstruction of current topics (e.g. i d0ASy0O0S SRdOFIGA2yd a¢KS 5
technology, modern physics modules) and A OASYGAFAO ol O aMPuedRE 0/ 2
Priority assessment Practice assessment Priority-Practice difference
Top 10 categories Mean | Top 10 categories Mean | Top 10 categories Mean
Understanding of scientificissues 5.44 Physics 4.17 Out-of-school-activities 2.74
Well-equipped classrooms 539 Mathematics 414 Personality competences 2.74
Health problems 5.39 Physics modules 3.97 Well-equipped dassrooms 2.67
Environmentalactions 5.33 Human physiology 3.95 Modern physics medules {Current issues) 2.59
Inguiry skills 5.318 Biology 3.797 Modeldevelopment 2.56
Personality competences 5.33 Physics theories 3.74 Democratic attitudes 2.45
Social skills 5.32 Environmental actions 3.73 Integration of gameswithin classroom 2.44
Experiments 5.28 Environmentalphenomena 372 Biotechnology 2.43
Problem-Solving 5.27 Naturalphenomena 3.69 Inquiry Skills 2.38
Basic scientific skills 5.24 Use of scientificterminology 3.68 Computer-based games 2.37
Bottom 10 categories Mean | Bottom 10 categories Mean | Bottom 10 categories Mean
Meteorclogy 418 Integration of games within classroom 2.24 Structure of matter 1.15
History of scientific theories 4.15 Medicine 2.24 Chemical phenomena 1.09
Economics 413 Interactionwith experts 2.21 Inorganic chemistry l.02
Computer-based games 412 Computer-based games 2.21 Physics medules 0.98
Nuclear Physics 411 Nuclear Physics 2.16 Physicstheories 0.88
Demagraphics 4,03 Pharmaceutics 2.15 Lectures 0.87
Lectures 3.98 Geology 2.14 Scientificterminology 0.85
Geology 3.95 Astrophysics 2.04 Mathematics 0.82
Architecture 3.74 IMeteorclogy 1.95 Physics 0.76
Paleontology 3.68 Paleontology 1.94 Use of scientificterminology 0.66

*Scale 1-6 (1=lowest value and 6=the highest value)

Table 1. Top andottom 10 categories derived from priority assessment, practice assessment, priority practice different



a more holistic view to the learning of science,
since it included learning gains but also referred
to the development of skills and positive att
tudes in order to enhance the development of
AOASYUATAO fAGSNI Ogpp
tion B) gave much emphasis to the connection
of science with the radical technological déve
opment as well as with several sodoientific
issues, highlighting the connection of science
and society.

Discussion

To sum up, it seems that, according to thepCy
NA2G LI NGAOALI yiGaQ al a
tion in Cyprus should shift from moteaditional
concepts and contexts towards a more general
perspective including more contemporary
themes and motivating approaches. In addition,
science education should fosunot only on the
development of understanding, but on thesd
velopment of skills and attitudes and should be
focused on current societal issues. Interestingly
enough, these findings are aligned with thelDe
phi dudy carried out by the Freie Universitat
Bedin which concluded that science education
at present is determined by elements from the
GOt aaAoe
the aims of general sciengelated education,
such as the relation of science with everyday life
and the developmenof inquiry skills, are only

rarely taken up in science classes (Schulte &

Bolte, 2012). Therefore, it seems that in both

cases the Delphi Studies provide clear directions

regarding science education based on thaco
sensus of the different stakeholders wipartic-
ipated in these studies.
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2.10 Participatory Design of Web-based Learning Environments to Motivate
Cypriot Students’ Science Learning

Eleni A. Kyza antfiannis Georgiolg Cyprus
University of Technologyprus

Andreas Hadjichambis, Chrystalla Lymjbom
and Maria Tsierkezoweorgioug Cyprus Mirs-
try of Education and Culture, Cyprus

ogy, Chemistry, Physi¢2 groups) Elementary

School Science Education) to facilitate a design
approach to professional delopment. As a

resut, during the D11 ¢ 2012 academic year,

the five disciplinary groups developeskven
inquiry-based modules based on the PROFILES
G9RdAzOI GAZ2Y i KNR dza K { OA Sy
(Holbrook & Rannikmae, 2007)The develp-

ment of all of the modules follow the three

stage PROFILES methodology, according to
gwhighstudéngs ar® BedehteRwlith admdtuzRirg)y G a Q
socioscientific problem and engage in disc
pline-specific but also general skileveloping

inquiry activities in order to solve a problem.

The participating teachersollaborated in their

groups for an extended period of time to iter

tively develop wekbased, dataich investig-

Introduction

At a time of continued dissatisfaction with the
state of science education in many parts of the
world, researchers, educators, and policy kna
SNBE IINB Ay@SadaAaalriday3
appreciation ofthe nature of science, enhance
the quality of learning and establish science
learning as a meaningful and motivating activity.
In this context, inquiry is widely considered as
the primary approach to learning scien¢gbd
ElKhalick et al.,, 2004NRC 2012) while the

0SFOKSNEQ NRfS Aa 0SAy JiondBith 2hd yjdall t& Rotivatd st@dtGA I £ Ay
any inquiry implementatior{Bolte et al., 2011) crease their selfegulated involvement innk

In fact, the success of any reform effort is based quiry and, at the same time, support conceptual

upon the extent to which teachers understand, understanding of the sociscientific concepts

appreciate, and commit to the innovation addressed by each module.

(Brown& Campione, 1996; Fullan, 2007Along

with many other researchers, we believe that  Technology in support of design

developing teacher ownership of educational From the outset of the professional devplo
innovations, such as inquityased learning, is ment process the Cyprus University of Tedhno

extremely important to the sustainability of the ogy (CUT) PROFILES team adopted a variety of
innovation (Kyza & Georgiou, 022; Mamlok technological tools tod dzLJLJ2 NIi G KS GSI o

Naaman, Blonder & Hofstein, 2010)Furthe-
more, we argue about the merits of partieip
tory design as a potent way of developing finot
vating learning environments that captureust
RSyitaQ AyiSNBadi
ous professional devepment (Kyza &
Nicolaidou, Under ReviewWe will next detail

continuous professional development effort. A
combination of synchronous and asynchronous
communication tools (Moodle, the WEBEX web

conferencing system and the STOCHASMOS
I Y Ri- & dzwkBbaskd |éaBingd Knfl Ni&achingO glaffarm) y

were used to supparconstant access to infe
YFEGA2Y |YyR

the process of engaging local PROFILES teachers ticipate in the design effort of each disciplinary

in participatory design and describe the learning
environments they designed.

Participatory Design in PROFILES

All teachers participating in theROFILES local
network in Cyprus were asked to join one of five
groups, organized according to disciplines IiBio

group. Participants used Moodle asynchroseu
ly as a depository of ideas as well as for sharing
resources, while the WEBEX system a#idw
designrelated decision making during synohr
nous video meetings. The development of the
web-based units actually took place on theCsT
CHASMOS wedmased platform (Kyza &

AYONBI aSr- §SIF OKS



Constantinou, 2007; Kyza, Constantinou &
Spanoudis, 2011 which is explained nexthis
combination of technologies supported thecfa
ile communication of ideas and seeded thac
SNEQ NBFtSOGA®BS
design and the enactment of inquiry.

The webbased learning environments

The webbased learning environments were
developed on the authoring tool of the 6T
CHASMOS platform. STOCHASMOS, a deaffol
ed environment, enabled teachers to assume a
more active designer role and provided nco
puter-6  aSR &AO0F FF¥2f RAyY 3
datarich and reflective inquiry of previsly
collected data. As teachers were using th®©ST
CHASMOS platform for the first time, thel-co
laborative design discussions focused om-co
ceptual issues about the planning of the activity
sequence and the scaffolding of students to
promote a more active grticipation. The CUT
PROFILES team supported the processniy i
plementing the teacher designs on the platform
and then initiated a process of reflective diseu
sions about the extent to which the designed
outcome met the goals of the teachers and of
the dedgn team. The teachers iterativelyne
gaged in the design process, with ample oppo
tunities to provide feedback to each othem-r

ceived feedback from the CUT PROFILES team,

and also presented to and received feedback
from other disciplinary PROFILES grouPsir
belief was that these cycles of design, along
with the implementations of the design in actual
classrooms, greatly enhanced the capacity of
any learning environment to reach the target
audience and meet its instructional goals.

Examples

The Chemisy group developed two webased
modules. The first one focused on fossil fuel,
whereas the second focused on ethanol. Both
modules were developed around a localig-i
portant decision making scenario; in the first
case, the module was motivated by the reten
discovery of natural gas reserves off the coast of

Cyprus, whereas the second scenario was-rel
gFryid G2 atdRSyiaqQ
consumption and drunk driving.

Sy 3 3 S YWi\BiblogywgrolipkdeveldpeNbing Barmidgdic? NEB

ule, which was implemented both otine web
and using hybrid, papdrased and multimedia,
methods. The driving scenario of this module
concerned human reproduction, one other topic
that was seen to be of great interest to early
secondary school students.

The Elementary School Science graollan-

0 2rated dalLthaAssdes ofihéatirig) SuydlidsWation,

dzaAy3 GKS O2yidSE
class as the motivating scenario.

27

The analysis of the MoLE motivation survey
given to all students before and after the ®R
FILES intervention yielded s&ically significant
results for all three classroom enactments
(Georgiou & Kyza, 2012%uggesting that the
approach taken by the Cyprus University of
Technology PROFILES team was successful in
reaching at least some of its major goals: trea
ingandsu§ A YAy 3
powerful scenarios relevant to their lives, and
engaging them actively in learning science. In
addition, the participatory design approach- a
lowed teachers to think deeply about their goals
and instructional approacheand allowed them

to not only design learning environments that
YSG GKSANJ
educational framework set by the schoolnco
text and curriculum.
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Modules

Eva Trnova andNadezda Kopeckg Masaryk
University Czech Republic

Introduction

Teachers, who patrticipated in the first year of
implementation ofinquiry-based science edae
tion (IBSE modules in the project PROFILES,
improved their various professional skills. We
have recognised the development of theirea-
tivity as a very important part of professional
growth in several areas, such as:

e Creation of scenarios

e Undertaking experimentation

e Interacting with worksheets

9EFYLX S&a 27F (Sl OksBritel Q
AY
tryé€.

Creation of Scenarios
A scenario is a new element in Czech teaching

materials and PROFILES teachers learned how to

implement this as part of teaching. As theesc
Y I NR 2 2 TBrushiagRupzors cheimistyis
not suitable for all ages of students$zech
teachers createnew scenariogo stimulate no-
tivation to study problems of dental caries and
learn analytic chemistry skillsevidence of the
fluoride ions. Two very different examples are
given below.

Scenario 1: Dental caries (age -13) Peter e-

ceives money for a snack, for which, however,
buys sweets. His friend John advises him aga
this eating because of problems with dentad-(
cay. However, Peter ensures that every morn
and evening he cleans his teeth using qudg
toothpastes. His teth have only white stains, g
nothing to worry about. On the contrary, Pet
thinks that John will have problems of dent&- ¢
cay, because a lot of drinking CeCala and o

ange juice. Who's right?

0 KS Y2 RBrdisking 8p/on sméid- S R
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Figure 1Scenario in action

Scenario 2: Analysis of toothpaste (age-18)
Toathmastes often, appear in television comme
D DR kit ikbAridrice fof thBrevéntidd of toc
@decay is emphasized. Especially fluoride is def
ered as very important and active ingredient
toothpastes. Tooth brushing with fluoridate
toothpastes results inncreased salivary conce
trations of fluoride, which has an anticarioger
effect. Fluoride infuses into tooth enamel maki
teeth more resistant to acids produced by plag
bacteria, as well as acids found in fruit juices &
certain foods. Fluorides areetained for longer
periods in the oral cavity and hence the durati
of their anticariogenic effects is longer. Is tk
advertising for toothpaste really true? After ctea
ing using fluoridated toothpaste do we have-g
clared concentrations of fluoride ithe moutt?
Are you sure you do not unnecessarily spend
money when you buy expensive toothpaste,
you use them in the wrong way?ilsecommernl-
ed after use of fluoridated toothpastes rinsing t
mouth with water? Can rinsing with watered
crease thesalivary concentration of fluoride an
thus reduce the anticariogenic effect?

Experimentatiors

To strengthen IBSE in the moduleachers,
together with students, have looked for altean
tive experiments. Such invegations help to
explain the issue ofhie effect of toothpastes.
Here is an example of a very structured inwest
gation into homemade toothpaste



Homemade toothpaste

Ingredients:

6 parts baking soda

1 part vegetable based glycerine

1 part hydrogen peroxide solution 3%

flavour to taste: afew drops of peppermint oil o
tea tree oil, cinnamon oil, foegrade grape or
bubble gum flavour oil

Procedure:

(1) Measure six parts of baking soda, one par
vegetable based glycerinand one part ofhy-

drogen peroxide solution Stir until well mixed
The mixture will be thick. Add the glycerine with
dropper while stirring until the mixture has abo
the same consistency as commercial toothpa
To make a smoother mix, reduce the soda.
omit the glycerine, increase the peroxide. It
possible to usesome measuring tools from th
kitchen- all of these products are food safe,

clean them as normal when done.

(2) Adda few drops of flavour according to whg
taste you prefer and what toothpaste you wa
to prepare. Stir as thoroughly as possible.

It is recommended to use a flavouring. It's tota
optional, but adding a drop of peppermint oil W
leave your mouth feeling super fresh. Tea treg
boosts the antbacterial properties and taste
good. A few drops of cinnamon oil will definite
spicethings up. Foodjrade grape or bubble gur
flavour oil may entice children to brush mog
regularly - just be sure to supervise them ai
make sure they're not ingesting it!

Safety note:

The basis of homemade toothpaste is bak
soda and hydrogen peroxid&ither one in huge
doses can be dangerous, so DO NOT ING
Hydrogen peroxide is UV sensitive, so be sur
store your toothpaste out of sunlight, or in §
opaque container.

The effect of ingredients:

Sodium bicarbonate (baking soda) is a raitda-

sive and has antbacterial properties. Hydroge
peroxide helps by break down bacterial films w
its foaming action.
Vegetablebase glycerine liquid lends a niceneg
sistency and sweetness, but is completely aopt
al. Good options for storing homemadooth-
paste are plastic tubes, squeeze bottles, or jars

Worksheets

All teacheramade their own worksheet3Nork-
sheets have been created to reflect the different
levels of student skills. A key aim of the very
structured worksheets was to help, in paular,
the younger and academically weaker students
Skilledstudents did not need this way of leade

ship and were able to undertake more open
inquiry learning and record their observations
individually.

Worksheet A

Analysis of packaging toothpastes:

Check the packaging of toothpastes and dete
mine the content of fluorine compounds.
Toothpaste is dividedccording to the content
of fluorine compounds on:

Brand of toothpaste Content of fluorine
COmpours
Toothpaste for children aged 4 containing250 ppm F
3 years
Toothpaste for children aged J containing 256500
6 years ppm F
Toothpaste for school children| containing 5081000
ppm F
Normal toothpaste for adults | containing 10061500
ppm F
Therapeutic toothpaste containing 180500
ppm F
Worksheet B
Tooth | Ingred- Ingredients
ents Effect of Ingred
paste . (Czech
Brand (Latin form) ents
form)
THE REFEREN| HOMEMADE | COMMERCIAL

PROPERTY

The appearance
and consistency.

TOOTHPASTE TOOTHPASTE

Colour

Scent

Taste (In the cas
of domestic
pastes we only
guess!)

pH

Roughness 0
toothpaste (-
termined by
touch)

The ability to
clean a surface
(observe on the
coloured egg)




Worksheet C
Purpose of toothpaste The ingredients
Identify from the product
packages
whitening tothpaste
toothpaste with baking
soda
toothpaste for gingivitis
children's toothpaste
toothpaste for smokers
toothpaste for adults
toothpaste against the
smell from the mouth
The basic| Compound Purpose
ingredi-
ents of
tooth-
pastes
Fluoride Sodum fluo- | Perhaps the most m-
ride, portant toothpaste inge-
Stannous dient is fluoride. Fluoride
fluoride, incorporates
Sodium mone | itself into tooth enamel
fluoro- making your teeth morg
phosphate resistant to acids produce
by plaque
Bacteria, as well ascids
found in fruit juices, sodg
(both regular and diet) and
certain foods.
Abrasives | Calcium phs- | Abrasives give toothpast
phate (chalk) | its clearing power. They
Aluminium remove stains and plaqug
oxide (alum+ | as well as polish teeth.
na) Toothpaste  should  bg
Calcium ce | abrasive enough to removi
bonate plague and stains, but no
Silicon dioxide abrasive enough to da-
(silica) age tooth enamel.
Hydrated silica
Titanium
dioxide
Detergents | Sodium lauryl| Deteagents create the)
sulfate (SLS) | foaming action we assec
Ammonium ate with toothpastes. Foan
lauryl sulfate| keeps the toothpaste in ou
(ALS) mouths, preventing it from
dribbling out as we brush.
Unfortunately, SLS an
other detergents have bee
linked to the promotion of
canker sores (mouth ulcer
in susceptible individualg
The presence of bad tastin
detergents requires the us
of strong flavourings to
mask the bad taste.
De Strontium These ingredients reliev
sensitising | chloride tooth sensitivity.
agents Potassium Strontium chloride works
nitrate by blocking the tiny cresi
Potassium es (microtubules) tha
citrate enable cold and heat gse
sations to reach the tooth's

nerve. Potassium citrate|
and Potassium nitratevork
in a different way by blde
ing the mechanism of paif
transmission betweer|
nerve cells.

Humec- Glycerine, Humectants give todi-

tants sorbitol, wa- | paste its texture as well ai
ter,xylitol retain moisture so that

tooth paste does not dry
out.

Thickeners| Carrageenan, | Thickeners also help t
cellulose gum,| create the éxture of
xanthan gum | toothpaste and determing

how 'thick' your toothpaste|
is.

Presera- Sodium  bae- | Preservatives prevent th

tives zoate, methyl| growth of micreorganisms
paraben, ethyl| in toothpaste. This elim
paraben. nates the need to refrige

ate toothpaste.

Flavouring | Mint, herbs These are added tomk

Agents: prove the taste of todt-

paste. Nowadays, a mo-
ber of flavours are used, t
impart a yummy taste to
the toothpaste. Peopleg
experience fresh breat
due to these enhance
flavouring agents. Thes
are necessy to cover up
the horrid taste of most
detergents, especially SLS

Sweeta- Sodium  Se | They also improve the tast|

ers charine of toothpaste. Toothpaste

without a sweetening
agent does not taste good
Most toothpaste sweete-
ers are artificial and ao
tribute very little to cavity
formation.

Colouring | Titanium Some toothpaste woulg

Agents dioxide look down right disgusting

if it were not for colouring
agents. Colouring agent
provide toothpaste with
pleasing colours. Artificial
dyes are used to make re
green, and blue todt-
pastes. Titanium dioxide i
used to make some tolt
paste white.

Teeth Hydrogen The whitening toothpastes

Whitening | peroxide except of the mechanicg

agents Sodium  ca | whitening adion of tooth-
bonate perx- | paste abrasives, use extr
ide chemical whitening ingr-
Various @- | dients.
zymes  (from
papaya, pie-
apple)

Additional | Enzymes, These ingredients ar

ingredients | vitamins, herbs| added in special tobt

pastes and perform diffe
ent functions.




Conclusions

We have observed the changes in tteaching
style of teachers after the implementation of
the PROFILES teacher training. Teachers have
shown much greater creativity in developing
teaching materials. The creation of scenarios
has reflected the attempt to increase student
motivation by linkng education with issues in
everyday life. When creating worksheets the
teachers have had in mind the different levels of
IBSE. Teachers have turned away from frontal
teaching have focused on inquiry and have
looked for appropriate experiments in seeking
evidence in answer to the scientific question
raised, which help students in understanding
the discussed issues.
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2.12 Chemistry in the 7" and 8" Grades: Learning Environments concerning Water

Jaana Vartiainen and Esko Vayrynedonti- YFEAFTAYS 6AGK GKS GAGESY Q
lahti School, Finted of fresh water¢ THE SAME water may have

been on the lips of a dinosaur millions of years
Two different scenarios F32Qd ¢2 | OGAQGEGS @2dz2NJ ARS
Two scenarios were created for teaching video made by the 4Dt dzo Ay Y2y dA2f |
concerning water, one for the™grade and the planet said toY S (http:4 kontiolahden.4h.fi/
other for the 8" grade. kuvagalleria/planeettasanoiminulle-leaderhy/).

The 7 graders were presented with a fictional
internet article (shown in Figure 1) which The editor has named groups in which you will

reported a situatiorof pollution in their home undertake inquirybased experimentation, as
municipality: Drinking water of Kontiolahti well as construct an idea map about water; this
polluted? will then be presented to other groups. After
The scenario continued: Newspaper Karjalainen discussion, everyone will write his/her own iart
reports that water in the municipality of Koot cle on the given subject, which can then bébpu
lahti is unsuitable for drinking and maybe even lished in the magazine. The editor will evaluate
dangerous. At the moment, the thorities do the idea maps, the presentations and therpe
not know the source of the pollution. Theum sonally written nagazine articles.

nicipality has set up a working group which

strives to clarify the situation as soon as gess { S@Sy (i K 3 NJ RS dEkigon hakitigdzA NR& S a
ble. Help has been asked from all possibte o relating to the purification of water

ganizations in the region. After introducing the scenario of the polluted

¢ K2dZaAKGa adzOK skidleYfor thé 2 & wdted, studénts plEnhned different solutions to

water to get polluted? What could be done to separate the soluble and insoluble parts of-w

prevent it happening once again? How can it be  ter. They worked at first in pairs, then in groups

LJdzNR FASRKe¢ 1 SLII NYzyy Ay Df fouk NiBemtd KheylidisGissed khg Rltean 2 F

the inhabitants in the municipality. tives, made compromises and pondered the
The Kontiolahti school has decided to partic difficulties ofchoice and combination.
pate in solving the mblem. Your task is to oe CAIdzNBE H aK2g4a |y BEIYLXS

struct a piece of equipment which will extract tions to clean water.
the extra substances from the water, producing  Finally, students decided to test the equipment
once again clean drinkable water for the ittha shown in Figure 3. They wermt aware of the

itants of the municipality. . |
MARSKIDATA & V =0

The scenario for the"8graders introduced the

issue of WaB NJ Ay (GKS F2ftf24/
drank a glass of fresh waterTHE SAME water

may have been on the lips of a dinosaur millions Kontoahcen o) lele
2F @SINAR | 32Qd ¢KS ial0Ss R
ence F YR bl i dzNBbh @ advedising S
for young journalists to work asummer tran-

ees. Imagine, based on written applications, you
are a group of young people who have got into
the final stage of the selection. The editor gives
the applicants a task to write an article for the Figure 1. A fictional net article useddrscenario

Nukkehallitusepailyists syyte KMS:n



http://kontiolahden.4h.fi/

Figure 2Thed (i dzZRSy (1 & Q LI | waterF 2 NJ

method needed, they only discussed the separ
tion. Using this plan, the students purified water
and learned to use the chemical concepts.

Figure 3. Theaguipment which students decidetd
use to separate different substances from wat

9AIKG 3INIRSNEQ AYIl dzA NR !
The students studied in working stations erpe
imenting with the following issues: capillary,
surface tension, evaporation, condens
tion/water cycle, water as a solvent, tasting
water, a sewage treatment plarg internet in-
quiry, habits of clean water use internet in-
quiry, water as a product of combustiothe
modeling of a water molecule with the use of
balls, water as a part of nature.

In the decision making stage, groups of students
prepared an idea map in an attempt to answer
0KS 1jdzSadAz2yyY G/ 2dzZ R A
of fresh water which they dr&, be the same
water as that which has been on the lips of a
RAY2al dzNJ YATfA2Ya

2F é.

Finally, each student wrote an article on the
issue deciding whether the argument about THE
SAME water was correct.
'y SEFYLX S
Figure 4.

2F addzR&yidiaq |

{0dzRSy(iaQ SELISNASyOSa

The seventh grade students enjoyed working
independently, taking responsibility and pla

ning by themselves the equipment with which
they could solve the water purification problem.
They also perceived that their leangi was -

proved because they had the possibility to think
more for themselves. Students were very proud

of their efforts and outputs.

The eight grade students considered the sgena

io to be interesting. Working in the role of appl

cant for a summer job wasxperienced as being
something new and gave the feeling that the
studying was not happening at school at all. The
aidzRSyiaQ 62N)] 61 a r¥Y2NB
mally and they took more responsibility for it.
In addition, different kinds of strengths and
fieft R& 2F (KS -how teRaéng @-a Q
parent and were appreciated during the project.

R A

1y2:

At aa

Figure 4. An exarﬁﬁié of sfudems YEIETAY
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¢S OKSNBEQ SELISNASYyOSa to be answered. However, welf that the su-

We experienced that during the processwe had RSy 44 Q Sy dKdzaAl ay én-a NBgI
322R 2LIRNIdzyAGASa (2 Faked for2the extraivednR. STHis éntQusiasa Was >
FdaSaa addzRSy daQdifféreédt NI/ JlgodapparegitRto th ipdteBiblas the wateropr

skills.The learning environment was challenging  ject raised a lot of discussion at home.

for us. Before instruction, we had to make extra

preparation relating to the inquiry environment

and equipment. Also, work with the idea map

demanded questionfor each group which were

Teachers’ Continuous Professional Development Programme in Finland

Kari Sormunen, Anu Hartikainéiia, Seija Ju emphasizing the building up of scenarios and
tunen, Tuula Keinonen and Sirpa Karkkaigen  stressing the importance of the decision making
University of Eastern Finlan€inland stage.

Introduction

teachers

- . . Participatjn . .
¢KS CAYYA&K LNEINIY¥S  FaM Rl Mm@ Rk frdsthied i
ous professional development (CPD) comprises the Teachel 342 OAl GA2yA4Q YF3LT Ay
ten lessos in each face to face meetingyith '

three meetings in alland with distance edua-
tion between the meetings. During the process

for physics and chemistry teachers, NATURA for
biology and geography teachers and OPETTAJA

_ o ] _ for grade 56 teachers. There was a form on the
of distance educationin WhIC.:h teachgrs modlfy twhCL[9{ LINE2SOGQa GAYYAAK
the modules and carry out interventions, online

guidance has a significant rolehich is realized

through the electronic learning environment of
Moodle. The use of this model in the CPD-pr
gramme has been decided, due to the long-di 25
tances between participating teachers and the
programme provider, the University of Eastern
Finland.

ipants filled out for participation Facts about
the teachers participating in the programme are
shown inFigure 1.

N
o

[
o

Number of teachers
=
o

(4]

The content of the CPD programme is based on B B
the common PROFILES CPD principles and it ©
tailored to the specific needs of the participating
teachers. Before starting the CPD programme,
teachers estimated their own competence-r Figurel. Teachers, their gender, experience, subject
garding how confident they ari undertaking which they teach and the level of education

certain tasks in their science teaching. Teachers

were familiar with inquirybased learningbe- ¢ S+ O k@npdte@ce as a basis fahe CPD
cause itwas included in teacher educatiom programme

Finland. They also degood knowledge of du Teachers were asked to indicate theioni-
ject content. This being so, the CPD programme  dence in undertakingasks, carrying outthe
could cacentrate more on the PROFILES a  teaching intendedas well as thir wishes with
proach and the three stage teaching model,  respect toemphasisand aspects ofrofessional

o




developmentwhich should be included in the skills, attitudes and values tffie students.Fu-

programme thermore, the teachers were asked what areas
The majority of the teachersonsideredthem- they thought $iould be emphasized on the
selvesto be Wa 2 YSoKI i O2yFTARSvyolrse. O2y OSNYy Ay 3

almost allof the indicators. As an exceptiothe Table 1 summarises topics teachers though
majority of teachersconsidered themselves to should be emphasised in the CPD.

beWy 2 @GSNE O2yTARSY(IQ O2yOSNYyAy3a GKS F2fttz2¢eAiy3
indicators:identifying a contextbased teaching Content of the CPD Programme

approach putting forward investigatory qus- Based on the topics and content emphasized by
tions that provide a stimulating challenge for ~ the teachers for the PROFILES programme, the
students building portfolios; illustrating the programme was plannednal is shown with the
teacher as a reflective practitionemaking self schedule in Table Zhe model used in the pr
reflective teaching videotapesexplairing what gramme can be seen as blended learning.

iS meant by action researchamying out action
research in a meaningful mannegving mean-
ing to the zone of proximal dedepment; wun-
derstanding the activity theory; urdtakingand
presening ongoing action research; creating
feedback instruments related to knowledge,

{GdzRSY (G aQ |e positive attitudes towards science learning
and motivation e selfmotivation by students in science lessons

e making science teaching and teaching materials interesting for students

e motivational challenges for students within their capabilities
Relevance of science| ¢ RS @St 2LIAy3a GSIFOKAY3 Y2RdZ Sa (2 SyKwyOS
learning for students | ¢  determining topics, relevant in the eyes of students

e creatingstudertNB f SOl yi (S OKAy3a aOSylINaz2a (G2 §
Nature of Science e the meaning of the Nature of Science

e distinguishing between a law and a theory

e distinguishing between evgday knowledge and scientific knowledge

e AYUSNIINBGIFIGA2YE 2F (KS QaOASYGATAO I yR
{GdzRSY (GaQ |e knowledge, skills, attitudes and values

e valuing science learning as being useful for life and lifelong learning

e promotingcreativethinking

e promoting the ability to reason and also to make decisions

e WYAFRE OUKAYRYPIOR2NEAPGRAFKBANAA I £ dzS0O

e promoting intellectual development, especially higher order learning

e putting forward scientific quesns for investigation

e communication skills in a variety of ways, both orally and in written formats

o effective peerpeer learning through student group work

e undertaking scientific problem solving activities

e T20dzaAy3 2y LINBaSNIIA gErnimedayiréihBrIhan the ghoré térmiz
Assessment e arange of formative assessment strategies

e avariety of assessment strategies that are designed to measure competencies
PROFILES approach| e the purpose of PARSEhId similar material

e determining a suitale module for classroom use within PROFILES

e conducinga lesson based on a sodoientific scenario

e consensus forming, group decisiaraking among students
Professional deve e guiding other teachers as a professional support exercise in seminars
opment o familiarity with teacher networking

e | GSIOKSNDa LINRPFSaairzylf ySiég2N] (2 SyK

e discussing the teaching of science with science educators

Crofs mMd CKS G2LIAOA FyR O2yGSyd GKFG: Aye GKS aSHC



Date Title of the activities General description of the activity
August 2011 Orientation Orientation tasks imnon-line learning eni
ronment
Introduction to PROFILES Lecture, getting to know each other, teamin
PARSEL/PROFILES study modules Workshop in groups
PROFILES approadiducation through Science Lecture
Modification of PARSEL studyoeiules Workshop in groups
26.8.2011 — - - -
8 hours Decision making stagim the study modules Workshop in groups
' Student gains Mole questionnaire Lecture
10 lessons

faceto-face Reflection

Focus group discussions

Documentation, learning diaries, action research

Lecture, instructions for the fitglistance
learning period

Delphi study: results of the first round

Lecture

Evaluation of the first meeting: teacher satisfaction

Evaluation

September The first distance learning period: Planning of instruction and interventions,
November Modification of the study models, Interventions, Dac group discussions and reflection via-lime
2011 mentation, Student gains questionnaires, learning environment, support by providers
20 hours, Reflection personally and vianon-line learning eni
on-line ronment

Sharing experiences of the first interventions, collective| Focus group discussions

reflections

Studentgairs ¢ results Lecture, discussions

Values in science education Lecture

Formulating inquiry questios: from the scenario ton- Lecture, group work
2.12.2011 . .

quiry (Questiong???
8 hours, - - - -

Nature of science in science education Lecture, group work
10 lessons,

faceto-face
sessment tools

Formative assessment PROFILES study modules, a

Lecture

the second round

Delphi study: results of the first round and takipart into

Lecture, taking part into the survey

Instructions for the second distance learning period

Evaluation of the second meeting: teacher satisfaction

Evaluation

The second distance learning pti

Planning of instruction and inteentions,

isrcilember Modification of the_study modules, Interventions, Asses group discusfsionsr,eflection viaan on—que
40 hours ment, Docgmentatlo_n, _ learning enV|ronment, s_upport b)_/ prow_ders
. Student gains questionnaires, personally and vianon-line learning enw
Online .
Reflection ronment
Sharing experiences of the interventions, collective =flg Workshop / Focus group discussions
tions
27.4.2012 Studentgairs ¢ results Discussion
8 hours, ¢S OKSNEQ NRf Sy & §Q &8 IF NJZ X| Discussion, focus group discussions
facetoface [ ¢ S+ OKSNEQ ySig2N] Ay3 Lecture
LRSI 2F we¢SIOKSNIla I Stk
Reflection- professional development Reflection

Table 2. Content and schedule of the CPD Programme in Finland

¢ St O EH&tEntes
Accoding to feedback, the participating telac

ers felt that theCPD process gave them a lot of

new ideas ad perspectives. Theteachers

thought that linking science learning to real life

contexts was a proper we¥ T
learning and theparticipating teachers felt that
the CPD programme also offered them inapir
tion. Here are some teacher experiences:

d strongly feel that the inspiring meetings ar
interventions on the CPD programme ha
made me rethink and revise my teaching.

LINR Y2 (A

dt has been challenging but rewarding to ple
the PROFILE$e study modules. Planning th
modules has forced me to develop my teach
and thinking about what essential informatio
should be included in it. By planning the
modules, | have had anpportunity to link
science content to real life situatioas.

The best thing that the PROFILES project
gvenmeisafeklyd 2F Sy Kdz
to consider my teaching and my professi
from a new perspective.



School Level

Antti Lehtonerg, Kirkkoharju school, Finland

Introduction

As part of the PROFILES project, | piloted three
different study modules in physics: a traffic-a
cident, sound and hearingand electromg-
netism. The study module about a traffic acc
dent was strongly modified from the PARSEL
module by the UEF tea (available in Finnish:
www.uef fi/profiles) to suit the Finnish context.
The other modules | created myself.

The traffic accident module was piloted in the
8" grade in a typical heterogeneous class of 19
students. Students learned the concept of velo
ity and acceleration so as to decide who had
been the guilty party in the accident.

The module on sound and hearing was piloted
in a 7" grade physics class of 24 students. The
scenario of the module was based @ real
article telling about the influence of noise from
At2Ra YR atoa 2V
After carrying out inquinbased experiments
and learning about how sound is produced and
how it propagates, students decided how they
could protect themsk/es from noise. They also
planned their own earphones.

The third module, concerning electromagnetism
and electric energy production was piloted in
the 9" grade with 20 students. The scenario
presented a case of a grey, stormy autumn
evening during whit students had arranged a
party using LED light bulbs. They had to decide
how to ensure an electricity supply through the
use of a generator, in the event of an electricity
blackout. By undertaking experiments, students
acquired the concept of electromagtie induc-
tion and how it is used in generators. At the end
of the study, students decided what would be
the best way to produce electricity, givingare
sons for their choice. They also constructed

2.14 Three-stage Study Modules in Finnish Physics Education at the Secondary

models of LED simulated lightning systenms, i
Of dzZRAYH NR®FYWRNXIRS 27
bulbs and a generator. Students had to decide
whether the room ould be litif the mains ele-
tricity failed, or they should abandon the party.

Study module¢ Sound and Hearing
¢tKS aiddzRe Y2RdzZ S

cerned sound and hearing. The following saena
io was used to set up the problem, motivating
students towards making inquiries and dec
sions.

{OSYINR2Y ¢KS o0dNRSyY 2y @2

ing
Many factors are related tcé 2 dzy 3
hearing. Music in discos, bars and restaurants is
far too loud and every day, people jog or hang
around in the city to the rhythm of aMP3 de-
vice. Researchers are also of the opinion that
young people have difficulties in perceiving the

& 2 dzynibisc is@red b Braugh iFd lardPs i

es, noise which can damage hearing when the
exposure is lomndpsting.  Furthermore, the
poorest part of the population in the USA often
lives in the noisiest regions of big cities, spen
ing much of their time on th streets listening to
their music devices. It is not worth making
young people in Finland or the USA feel guilty
about listening to music which is too loud, but
who intentionally wants to damage his/her
hearing? The MP3 device itself costs several
hundreds of euros while the headphones cost
only two to three euros. It is not surprising that
the user turns the knobs to southeast to be able
to listen to all the frequencies of music. If pBss
ble, it would often be wiser to buy personally
adapted headphones. t&lies published this
year are worrying, in the sense that even slight
damage may hinder the hearing of children and
young people. This then may affect their schoo
ing, their social life and, even worse, theis-di

2v- Wl 24
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placement. This being so, the volume in ficus
devices should be turned down and people
should be made aware of the danger of this way
of comforting music. If you can hear what your
neighbour is listening to, then he/she has it on
too loud. (Penttinen, Kuuloviesti 6/10)

Inquiry-based learning

Students explored ways to produce sound
through two experiments, one with a ruler and
one with a table tennis ball and a tuning fork.
The purpose of both these experiments was to
show that sound is produced by mechanical
vibration. Then sound propagation wasustied
with a thread of wool, metal rods and scratching
a table. Thus, students listened to the surface of
the table while the partner scratched it at the
other end. The thread of wool was used toneo
duct the sound from jingling metal rods, first
with the threads being tied to the index fingers
with the hands held out in front and then, with
the rods still being tied to the fingers, by placing
the index fingers in the ear. Going further, the
influence of the medium was observed with a
mobile phone and a fremer bag. A sound level
meter and a tape measure were used to show
the influence of distance on the sound intensity
level. The equipment which was used in the
experiments is shown in Figute

Figurel. Equipment used in the module for studyin
sound

Decision making stage

Based on the knowledge gained from thd-sc
ence inquiries, students answered the twd-fo
lowing questions: Why can hearing be easily
damaged with earphones, and should rea
phones be made more hearifigendly? Finally,

in groups, students planned their own rea
phones.

Experiences

This study modulés planned to be carried out
during 3 to 4 lessons (45 minutes each)u-St
dents like this form of study based on a three
stage model. They worked in groups of 3 to 4
persons. Students managed to complete all of
the experiments and write down their observ
tions and conclusions. They -operated with
each other and the teacher had enough time to
20aSNWS (KS aidzRSsfape Q
model functioned well, the students learned the
properties of sound, and threstage model also
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ing.

Study Module- What is the best way to spin a
generator?

The study module conceimg electromagnetism
began with the scenario of a situation in which
electricity should be ensured in the case of the
usual mains supply being cutfof

Scenario

It is a grey and stormy autumn night. You have
decided to arrange a party at home. Now it is
not a question of any candlelight dinner, but
82dz g2dA R ftA1S G2 23S
properly when the bright light reflects on it. For
this purpose you need electricity. The room has
environmentally friendly, small LHEIghting
having a small energy consumption. Neweth
less, an autumn storm may knock down trees
and damage the electricity supply. You wish that
the evening goes to plan argb you ensure the
function of lights by installing a generator to act
as a sparenergy source.
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struct a model of the place where the party is to

be held and install one LED lamp on the ceiling.

How can you liggt up a roomwithout using the
mains electricity?

Inquiry-based learning

Students experiment with electricity production
and electromagnetic induction using coils, bar
magnets, wires and voltmeters. Studentx-e
plore what happens when a bar magnet moves
inside and outside the coil and how the situation
differs when the magnet is kept stationary. A
second experiment, in which students try to find
factors that influence the amount of voltages, i
more open.The equipment is shown in Figure 2.

Figure 2. Equipment used in the generator module

Decision makingstage

In the beginning, students decide what coil they
should use to light a LED lamp. At the end of the
study module, students use their knowledge
about electromagnetisnto decide what would
be the best way to spin a generator and why.
{2YS 27F niodetizR&shiwa iR Figure 3.

Experiences

The study module takes about@&lessons (45
minutes each). Working time can be shorter if
the students are given the task of searching for
information as theirhomework. Students start
to work quite nicely. Theydo not complain
about the method or the study module. First
they search for information from the internet
and from text books. After that, students gather
their knowledge using an online note board

Figure 3. We actually got electricity! Some models
of the party room which the studentsaxle

called aWallwisher. During the inquiry phase,

everyone prticipates in the work. If someone in

GKS 3aANRdzZL) R2Say Qi dzyRSNAG |
students are able to help and the teacher has

enough time to observe and evaluate theust
RSyGaQ ¢2N]J @ hyS ANMER NIy
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are eagerly involved in this study.
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Ciara Hereward Ryan University College Qqr
Ireland (in association Wil CASE)

Through a student motivational title, this rde
ule introduces students to chemistry learning in
the following areasBonding, solutions, atomic
structure, use of scientific apparatus, concept of
current and charge.

This module was created based the following

objectives, giving students:

e an appreciation of the importance of each
food type for the body.

o sufficient factual knowledge to allow them
to investigate the daily energy requirement
of a sedentary individual compared to an
athlete in trainng.

e an understanding of the different types of
energy drinks and sports drinks commonly
available.

Learning Outcomes

On successful completion of this moduleust
dents will be able to:

e Investigate food groups and discuss their
requirements for exercise anactivity.

e Compare the daily energy requirement of a
sedentary versus an active individual.

e Research the range of sports drinks and
energy drinks on the Irish market. Categ
rise these drinks as isotonic, hypotonic and
hypertonic.

e Evaluate and design a sp®drink.

e Design and conduct an experiment to exa
ine the electrolyte content of a number of
drinks.

What was the approach in the lessons?

The teacher explained the concept of inquiry
based learning to the class through a Powe
Point presentation. The teher then gave out a

scenario and gave the pupils time to read the
set scenario and discuss it among their sfas

2.15 A Module Entitled: Does it Really Give You Wings?

mates. The teacher intervened to stimulate
debate on the subject, often by asking gue
tions.

The class was divided into groups where the
teacherallowed the students to be active lear
ers and only facilitated their work rather than
controlling it. The teacher observed howust
dents worked as groups, what types of research
methods they employed and noted their egjo
ment of the task. In this way, thieacher was
acting as a facilitator to the student in these
lessons. Once the students had researched their
area, the teacher stepped in to brief the class on
that area. When the teacher was satisfied that
there was a suitable level of understanding, the
students were encouraged to go back to awto
omous work. The teacher was there for gue
tions and assistance in setting up experiments,
designing posters and preparing arguments. The
teacher used mostly formative assessment for
this module.

What the studens did:

Group 1worked to research and then design a
poster based on the link between nutrition and
athletic performance. They examined the food
groups, food pyramid, benefits of sports drinks,
importance of hydration and types of sports
drink available.

Group 2 spent time researching the best types
of sports drinks available and the benefits of
each one. From this they designed their own
sports drinks.

Group 3planned and conducted an experiment
to examine which type of drink contained a
suitable amount oklectrolytes to be considered
to have a positive impact on dehydration and
sport performance.

The teacher tried to promote Inquirpased
Science Educatidoy means of a variety of aeti
ities, e.gkeeping questions opeanded, orga-
ising structured groupvork, acting as facilitator
rather than instructor, promoting independent



research, organising discussion and debate- se
sions, promoting and affirming student iraiti
tives, promoting and praising creativity in the
students.

Results

e After completing thisriquiry-based module,
it is clear that over 50% of the participants
thought that the topic did relate to their
own lives.

e The majority of the students reacted pes
tively to the problembased approach to a
new topic compared to their previous esp
riences ofintroductory lessons.

e It was noted however that students may
find a more open inquirpased approach
difficult to engage in immediately so a more
structured form of inquiry may be the best
approach as an introduction to the students.

e It was clear thathe participants felt more
active during the lessons compared with
previous types of lesson.

Evaluation

e The topic was clear and relevant to theeev
ryday lives of the students.

e It was not gender based and was equally
attractive to both boys and girls.

e |t included Chemistry that was part of the
Leaving Certificate curriculum.

e It engaged the students through tasks and
problem solving activities.

lighted that inquirybased learning could be a
workable alternative to the current pedagagi
settings of science in the classroom to engage
students. Feedback from the students clearly
showed that working in an inquityased setting
allows students to feel that they have a greater
chance to participate in scientific activities and
conduct meamgful investigative work.
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by the students or teacher.

Conclusions

It was clear that this typeof resource, when
designed well, has the ability to nurture a are
tive and stimulating environment for the st
dents. Based on past student responses, the
author was aware that students had been mai

ly passive learners in the classroom and had

become dislusioned with the subject of &c
ence. Consequently many had opting out of

Senior Cycle Science and thus reducing their

options at the tertiary level. This study hig
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Sheena Walsh McQuillag University College
Cork, Ireland (in association with ICASE)

Through a student motivational title, this rde

ule introducesstudents to biology learning in
the following areas: Human biology (organ-d
nation, functions of organs donated); ICT (mte
net searching).

This module was created based on the following

objectives:

e To encourage in students an attitude of
scientific inqury, curiosity and discovery
through working individually (personalan
tivation) and within teams.

e To develop an understanding of organ den
tion and knowledge about the structure and
function of organs which are donated and
illnesses they are used to treat.

e To give students an understanding of role
play through playing the role of the person
assigned to them.

e To enable students to become familiar with
searching for information on the internet,
interpreting and analysing the information
they select to best aswer their questions.

e To enable students to experience group
work, working as a team to come to an
overall decision on the suitability of an opt
out system for organ donation in Ireland.

e To give students an appreciation of the
complex issues involved antie challenge
of trying to reach a general consensus on
the issue.

Learning Outcomes

On successful completion of this modulaust

dents will be able to:

e Discuss the ethical issues surrounding organ
donation and transplantation.

e Describe what organs are daed, their
structure, function and the illnesses they are
used to treat.

2.16 A Module Entitled: Organ Donation ¢ Opt In or Opt Out?

e Carry out a role play effectively.

e Prepare and present a report on their views
2y GUKS LRGSYGAlf
tem of organ donation in Ireland.

e Carry out a data search, gmess the info
mation, select and analyse data.

e Construct and present an argument for or
F3FAYyad
tem of organ donation in Ireland.

e Apply their scientific knowledge, and be
empowered, to make informed choices
about organdonation.

What was the approach in the lessons?

This teaching module enables students to join
an investigative team to assess the potential
impact of an optout system for organ donation
in Ireland and report on their findings. The focus
throughout the nodule is on developing rease
ing skills in students, to guide them to develop
argumentation skills, to draw conclusions and
make judgemental decisions using scientific
knowledge and ideas. Student activities include
collaborative inquiry learning, incorpating
group work, discussion, argumentation and
decisionmaking; data search and analysis; the
use of roleplay; preparing presentations and
report writing; use of data logging equipment.

Results

Results from the study indicate the module was
both highly interesting and motivational for
students and teachers alike. The overall view of
the teachers on the success of the teaching
module was very positive, reporting that the
module was well received by students, who
showed high levels of interest and motivati
The module stimulated intrinsically motivated
learning.

The inquiry approach was valued by students
who enjoyed the opportunity to be involved in
role-play, decisiormaking, communication and
collaborationrelated activities. Such activities
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aroused their interest and participation. The
results suggest that the majority of students feel
comfortable with the change of the traditional
approach to teaching and that the inquiryp-a
proach stimulates positive attitudes towards
learning science. It is beliegghat the positive
experiences developed during the module could
be the foundation of a lasting positive attitude
towards biology/science.

Evaluation

The relevance of the module to society and the

atdzRSyiaQ SOSNERI &

intered in the subject which stimulated intrinsic
motivation in the students.

e The teachers who taught this modulesb
lieve that the module reinforced learning
and enabled students to acquire knowledge,
new skills and abilities.

e The teachers perceive the apprdeas val-
able but identify two major obstacles tmi
plementing inquiry in their lessons. Theneo
siderable amount of time required to plan
and implement inquiry lessons is seen as a
potential barrier and the issue of asses
ment also is an important factoithe trad-
tional assessment system does not assess
many of the skills and learning attributes
which incorporate the PROFILES approach.

e Adapting to IBSE can be difficult for both
teachers and students and due consider
tion should be given to their trainingeeds.

A small minority of the students weree+
sistant to a change from traditional teaching
approaches. This can be daunting fou-st
dents initially and takes them out of their
comfort zones and may diminish their levels
of learning satisfaction and pobte learning
success.

Conclusions

The important role that teachers play in inceea
Ay 3
and the results emphasise the importance of
providing and sustaining professional deyelo
ment training to science teachers®lanning and

implementing
grammes and interventions is required forcsu
cessful implementation of inquirpased science
lessons.

Teacher networks need to be established ppe
ating on a local, regional, national and European
scale, wkere teachers can access, discuss and
share resources and ideas, discuss degwelo
ments and provide support to each other.

alidzRSyidaQ Sy3alr3asSySyid

teacher development @+
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A Module Entitled: Grip it or Slip it

Simon Hilg UniversityCollege Cork, Ireland
(in association with ICASE)

Through a student motivational title, this rde
ule introduces students to physics learning in
the following areasForces, friction, application
of friction, lubrication, use of data loggingrse
sors, ITand the analysis of quantitative data.

This module was created based on the objective
to allow students to gain an understanding of
the factors that affect friction by conducting a

series of investigations.

Learning Outcomes

On successful completion ohis module at-

dents should be able to:

e Discuss the factors that affect friction

e Design a mingnap illustrating the factors

e Design and plan an investigation into one of
the factors affecting friction

e Carry out an investigation, record data and
analyse theesults.

e Draw conclusions based on those measur
ments

e Report and discuss the results finding

What was the approach in the lessons?
Following a short scenario discussing expearien
es in riding in buses, students were given the
following set of tasks.

Taskl: As a group they were asked to identify,
with the aid of a mind map, all the factors that
contribute to a bus tyre gripping or slipping on a
road.

AOa 2y GKS 3ALAYy AY
of reasoning International Journal of Bc
ence Educatiorg4(2), 301326.

Task 2Each group was asked to choose one of
the factors that they would like to investigate.
They were gigded to design an experiment that
investigated whether or not the chosen factor
FFFSOGa GKS (e&aNBQa
this has been completed, the group submitted
their plans to the teacher.

Task 3:After the teacher had reviewed and
agreed theplans, each group carried out the
investigation. On completion of the invesdig
tion each group discussed their results and,
through consensus, reached a conclusion.

Task 4Each group gave a short presentation to
their fellow classmates.

Results

e Analyss of the accounts of the investg
tions written up by the students shows that
they engaged significantly during thesie
sons.

e Feedback received from the students
showed that the module had a positivé-e
fect on student motivation.

e Students found that the senhce lessons
were relevant for society.

Evaluation

Strengths

e The module placed a very strong emphasis
on group work.

e This module was designed to build upon
alidzRSyiaQ
clear from the manner in which mostust
dents were abldo undertake the tasks with
relatively little help from their teacher, that
the students did have the necessary prior
skills and knowledge. The one exceptiat b
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logging equipment, which did require some
instructionfrom the teacher.

e One of the key components in any inquiry
based lesson is that the students are able to
work independently from the teacherln
this respect the module was very successful,
as students were able to undertake the
planning and investigate tasks largelyni
dependent of the teachetdowever when it
was necessary, the teacher did intervene
and offer guidance.

e The module was also successful in présen
ing students with a scientific problem to
solve using a scientific processhe ew
dence of his is that students designed and
carried out their own investigations, which
allowed them to reach their own valid ev
denced based conclusion.

e The deining characteristic of inquirpased
learning is that it places as much emphasis
on the scientific procgs as it does on the
resulting evidencdased theoretical lear
ing. An excellent example of why this is so
important was given by the students who
investigated the effect of area of contact on
friction. Due to their preconceptions they
believed that they hd carried out the inve
tigation incorrectly when they found that
the force of friction remained the same
even though the area of contact was clgan
ing. It was only after they repeated thex-e
periment and were encouraged to trust the
process that they reachiethe correct co-
clusion.This gave the students an invaluable
insight into how the scientific process aet
ally works.

e One of the key strengths of the module is
that it is relatively easy to differentiate the
tasks according to the different ability levels
of the students.

Weaknesses

e The scenario was not as effective as had
been hoped in initially motivating students.
Showing the students some video footage of

2 T Sdirhod ede SafsRiddidgibefgietheR tead

the scenario may help to stimulate their-i
terest.

e The module involved extensive use of group
work. Whilst this is largely positive it does
come with the caveat that the group work
must be organised effectively or it can lead
to a chaotic classroom environment. As a
conseqguence an inexperienced teacher with
little practice in implementing group work
may struggle.

e It can be difficult to keep all students on
task because some groups will finish tasks
quicker than others or students may be
waiting to use equipment such as the data
logger. As a result timing cdr@ an issue.

Conclusions

The module was effective in promoting IBSE.
The scenario and title were only partly effective
in motivating students.
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2.18 Chemistry - What a Pizza!

Daniela Bianini and Francesca Maria Foresi
[.1.S. CorridorCampana, Italy

Introduction

With the aim of improving education, in our
school, a group of teachers are participating in a
European project called PROFII(B8Ite et al.,
2011). As a component of the projectewe-
ceived training in the use of cooperative lnar
ing method, to include a scenario and to wHr
duce concept maps in our teaching to help-st
dents to be aware of their learning and to utilise
problem solving methodsSincewe believe it is
necessary toincrease interest and active st
dent involvement in the processes of learning
and studying, we have developed a didactic
module suitable for learning important concepts
in Biology and Chemistry, such as fermentations,
chemical reactions, and the variation thie rate

of reaction with the temperature.

Our idea was to develop a teaching module
focusedon increasing théntrinsic motivation of
students (Ryar& Deci, 2000; Turne& Patrick,
2004; Holbrook, 200% thus overcoming stu-

R Sy hastilty towards scieoe which often
makes it difficult to learn complex concepts.
Through the module, we wanted tmtroduce
our studentsto the study ofchemistryby means

of daily life phenomenayiewing science edae

i A 2 yeducalion ¥rough scien€Holbrook
and Rannikma, 2007)

Our Goals

Because developing positive attitudes amd i
terest in science is one of the key goals far sc
ence teaching and learning, we decided te-d

the mainchemical changeghysicaland organ-
oleptic characteristicsthat occur during its
preparation by reflectingon the parameters
that canaffect the successf the final product
This activity also promotes observatiorand
reflection skills of students through requiring
them to approach apractical problem(how to
make agood pizza)usinga scientific methodf
investigation and an experimental approach
Scientifically, this grade 10 (second year af-se
ondary school) sciencéiplogy and chemistry
module is aboutfermentation and chemical
reactions, while the educational goals are to
increase studerdt fdotivation, selfesteem, s-
cial abilities, leadership, and communication
skills, throughgroup work and experimental
work.

Content

Specifimbjectivesof the subjects:

e To use the inquiry scientific method to study
a phenomenon (the leavening);

e To identify the variables that influence the
success of a complex phenomenon;

e To study the effectof some parameters
(such as the temperaturethe sugar the
changeof the ingredient}, takingconstant
other variables and to identify themost
suitableexperimentalteststo verify the ini-
tial hypothesis.

The work was carried outin laboratories of
chemistry andscienceand in a kitcherfor cook-
ing pizzaThree classewere involvedand, with
reference tothe educational needselated to
ministerial programmes, emphasis to biolog

velop a didact O Y 2 Rdzf Shentstryf- f S Rcal/Biochemical aspectg and chemical kinetic

What a Piza th Italian language this titlem-
pliesthat the chemical is a subject the students
find bothersome.Pizzais a food,very popular
among teenagers andfeaturing strongly, to-
gether with pasta dishesn Italian gastronomy
The modulestarts from awell-known food and
seeks to analysefrom a sciatific standpoing

was given The high school studenthave pe-
formed the taskby deepenig their study of
nutrients andtransformationsthat occurduring
the leavening andcooking of a pizzaocusing
on the fermentationof SaccharomycetesStu-
dents attending technical/commercial course
focusedto the chemical aspectsf fermenta-



tion, answerngto the questionnaire formulated
by the teacher andaimed to identify the rea-

gents andthe reaction products, as well as the

effectsthat changes in the dosagef reagents
may have orfinal the result Also the effect of
temperature on the leavening rateand on the

products forming during the process has been
studied. The classesvere divided into several

groups and eachgroup was askedo plan an
experimental activitywith the aim to identify
the reaction productsand the influence of a
particular variake on the reaction rate.

After introducing theproject and issues to the

classesand afterdividing students into several

groups the modulewas dividednto three stag-

escorrespondingo the threeprocessingphases

(dough leavening,cooking. A"map" to-do for

each stagavas providedo the students

1. Several questionstimulus analysis and
conceptualizationof the phenomenon to
draw aconcept mapto draw theflow chart
(one hourin clas$, to do a web researctat
home, about2 hours)

2. Experimental ativity in the laboratory, ob-
servations (qualitative research), data to
lection (quantitative research)photogragh-
ic documentationwritten report (3 hourg

3. Final discussiomnd comparisonof results
obtainedby differentgroups(1 hou)

At the endof this module, students fromtwo

schoolswere hotetY' I y I 3SYSy i

and theyhad the opportunity to confrontwith

the chefsand techniciansof the schoo| to ask
guestionsand to explainvhat they hadstudied,

as well ago prepare a pizzausingthe cooking
laboratory. Each groumf studentsof the chem-

istry class presentedts work to students of

biology, then each groupof students of biology
presentedits workto studentsof chemistry In

this way, the students improvedheir commuri-

cation skills We havedevelopeda suitable as-

sessmentapproachto evaluate positively the

engagementnd efforts of all of our students

Evaluation
The strong points of the modulus are:

versatility and opportunity to work on fii
ferent levels of difficulty, as well am dif-
ferent contents, based on the type and age
of students;

ability to work according to an interdiscipl
nary and multidisciplinary approach, ability
to work with different topics ranging from
food history (origin and spread of pizza), law
and economicqEuropean quality, product
specifications and typical products, sincg 5
on February 2010 the Neapolitan pizza was
designated the STG mark, traditionalesp
cialty guaranteed by the EU), biology (the
alcoholic, propanoic and lactic ferment
tions). There aretopics of biochemistry
(Maillard reaction, caramelization, dextrin
zation of starch), physiology and pathology
(gluten intolerance, yeast intolerance) as
well as many aspects of chemistry, such as
determination of the C@produced and the
search of ethyalcohol.

Skills promoted for the students:

ability to manage a project: to create the
time-line of the project, to establish the
times and the roles

research skills: to determine the nature of
the problem, to search information basing
on different sources (web, interviews,

a4 OK 2 2 fpgoks), HdFaRzé dnd to understand data

organization and production skills: to orga
ize and to link information, to reprocess
them using different linguistic codes and
structures (writing, questionnaires, latmr
tory report, power pointpresentation).

The project has proven successful; the majority
of students demonstrated great interest both in

the research and in the reprocessing phase.
Also, the experimental activity allowed students

to learn in the laboratory, which otherwise
would not be used during the regular school
year. Students expressed their appreciation for
this kind of learning which is different from the



usual activity. They also provided interesting
suggestions for the experimental activity. A
gradual increase in motivam to study and
research was noticed. The tasks were carried
out rapidly and students worked autonomously,
with the teacher playing a leadership and coo
dination role. From an evaluation of the MoLE
guestionnaire Bolte & Streller, 2011) students
indicatedit is very important that the scientific
theoretical knowledge provide a key to thersu
rounding everyday life and its phenomena.
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Goals

This communication is aimed to report theepr
liminary results and pedagogical perspectives of
amixed strategy for improving the effectiveness
of IBSE organic chemistry laboratory expetien
es (but not only laboratory skills) through the
planning, making and playing of videos with
students in the three year high school, spectali
ing in chemistry.

Cortent
oHow can | tell what | think till | see what | say?
(Forster, 2005)

Origins of the idea

The idea of using videos as a learning/teaching
strategy came up to me while | was occupied in
shooting videos of lab experiments for pure
documentation purpose. | acknowledged the
great efforts that studenfctors had in cm-
municating through a meangful speech or
argumentation(sometimes | experienced similar
difficulties when | had to play a part). Wil
there were some improvisedjnwilling actors
who seeme perfectly prone to understand the
role and able to talk and act from the first shot,
others, like me, seemed unable to think, speak
and act by following a script at the same time. |
recognized that this wide range of aptitudes
glayQa |
0dziT 2 F RenfBITnEMdGng G 6& Sr- [ |
anderie, 1991) of the speech, of differences in
nature and the speed for the language of refle
tion (inner language) and the language of exte
nal speech (Vygotsky, 1986), and maybe of an

2.19 Video-Experiments: A Possible Apprenticeship of Awareness

watchers, to an interesting practical route to
meaningful learning and deep understanding
(Tifi, 2010).

In December 2011, an inquibased experiment
was planned and carried on by five high school
grade cooperative groups to determine therpa
titon constant of adipic acid in diethyl
ether/water. This was part of a theoretical and
practical learning objective about solveni-e
traction technique. The students were already
familiar with concepts such as partition rco
stant, dynamic equilibrium, poldy of sib-
stances and molecules, and they were used to
the normal laboratory practice and relatedlca
culations, such as for aclghse titration, analt

ical weighing, etc. The experiment was carried
2y o6AlGK2dzi Fye wO22|
plan derived in a collaborative setting. At the
end of the experiment, good results weré-o
tained by the groups. | exploited them to iotr
duce a Dixon text, which showed the students
their oddest result could be included in the-a
erage calculation, and that the obtaed mean
result was compatible with literature data. But,
in a subsequent assessment occasion, by khec
Ay3a GKS aiddzRSyidaqQ
from experimental data, and asking for oral
recounts of the whole or detailed rationale of
the experiment, | bitterly disappointed to learn
that the students had not lived a true modifying,
or inquiring experience.

Doing the experimental hanesn activity, with

LINPoo l&n§uEge fu€ncyd & v studénts expected to calculate the same steps,

witeé similar reports, find, criticize, compaaad
draw conceptually the meaning to the exper
mental outcome, | realized sampling students to
check their understanding during the exper
ment, was not enough for most of the students

important role of auted G A Y dzf F G A2y 2 Fo bRoprBelsafficidndyyaware conscious of the

@2A0S 2y
anisms and on consciousness (Dennett, 1993).
This simple switch in my perspective was
enough to change what could be viewed as a
weakness of the quality of videosrfexternal

| GcareepthalizédA GFfsS O y Rocedures and the relat concepts.

The video play idea
It was clear that a different strategy was ke
ed. So | decided to redo the experiment with a

62210Q
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renewed plan, aimed to make a video. This
proved to be worthy ando offer much promise.
The screenplay was assigned to the fireups
as a table of scenes with actions and speech
that were elaborated as Googtibcs and a da
culation spreadsheet, and these edited at
school.

The play objective was presented to tistu-
dents not as a remedy to the failure of theepr
vious experimenin terms of their learningbut

as an educational video to promote the spegial
zation of chemistry of our institute to younger
students, and also to make naxperts able to
understand what happens to invisible molecules
during solvent extraction.

L ot sarghi€ed during the reviewing phase,
when it became clear to everybody that the
experiment should be changed. Instead a&-b
ginning with a water solution of adipic acid (that
was a precondition in the first inquiry expeér
ment) titrated before and afteether extraction,
which would have made the substance invisible
in each part of the video, the students decided
to use visible, weighedolid adipic acid and that
also the extracted amount should also be made
visible and weighed after solvent evaporation.
Collective reflection on how to make things
understandable to others represented the true
inquiring activity. This helped better represant
tions of the phenomena and concepts, leading
to better understanding.

This episode gave a true insight and deep u
derstanding for all and showed this is possible in
a inquiring context, but not necessarily in a
straightforward sequencethat is: ' assign the
problem, 2° assist and guide students with
hints till they devised and understood how to
obtain a possible mrcedural solution; 8 apply
the suggested solution.

Video interview

After the video (ITT Divini, 2012) was succdssfu
ly made, and enjoyed by the students | decided
to reveal that the true aim was to make them
understanding better the practical and comee
tual aspects of partition equilibrium. At the

same time | gave them a series of questions to
answer through a video interview. All students
answered using a Googkorm to the questions
and, as before, starting from the shared and
reviewed answers, the gtlents prepared their
possible speeches for the answers in groups
using Googldocs. Their answers weree-r
viewed at school. This editing step was a-fu
RFEYSyidlt 2ySY adGddzRRSyida
answers, as the speech needed to be fluent and
thus needel several rehearsals. The students
were simply unable to say something until it
gl ayQi O02YLX S(iSteé& diyRSNRIG2
lent reading and discussion with classmates, or
teachers. Due to being a mings task, this kind

of text transformation activity hadhigh impact

in making students confident with the concepts
and corresponding worfl I © St dangliageR &
games O6w2 i KX MdbpdcT ¢ATFAZ
Subsequent assessment sessions and references
to the activity revealed strong conceptual and
practicd learning associated to the topic.

02 dz

H JT N

Other related activities

Other experiments involved screenptayaking

Ay 9y3AftAAK RdANAYy3I &f 2yGSyi
AN SR [SIENYyAy3IeE | OGADBAGAS
CLIL can be viewed as a further type of discipl
nary larguage transformation, helping constru
tion of meaning. As an example, 4 grade high
school class videsynthesized the flavouring
adzoaidl yoS & ORent-bhBiygat ¢
Grignard addition. Groups of two or threeust
dents trained themselves to cte and act for
each shoot. The scenes were based on algolla
oratively made script that underwent adapt
tions in each trial stage. As an enthusiastic
teacher | can report the same atmosphere-d
scribed by Pavisia¥A good teacher has to be
enthusiastic abot his topic to generate anta
mosphere that is open and positive. When-st
dents are treated well, respected, encouraged
and the work has meaning, high levels of mot
vation will automatically develop (Pavisic,
2011)

7
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But it should be noted that time of pduction
was abnormallydilated, while the learning m-
pact was weaker and engagement of students
was more uneven in comparison to the prev
ously described experience.

Other CLIL activities, screenplay representations
of reaction mechanisms have been untden
and a second interview about TNT (trinitrouel
ene) synthesis in"™grade high school class is
planned for the first week of June.

Reflection

When students undertake an experiment for the
first time they need the entire time to practice
their process skills on different parts so as to
make sense of a series of situated experiences
that are very important to making oneself fee
Ay3 GSELISNIéE® . dzi GKA&
ing the general cognitive insights of the inquiry
experiment and the relatecdonceptual frame.
Experimental noise and working memory ove
load (Johnstone, 1997) is an aggravating arcu
stance that hangs over a general and unaaeid
ot S aidlyosS 27
situations. To ensure an inquiry orientation for
the labaatory activity, it is important for aes
cond round for actotearners, where the minds
on activity is most relevant. But also, in this
case, the inquiring experience is lived as a
posterior one. Guided inquirgased experiecr

es mean that the complete awaness of the
problem, the comparable strategies and the
solution may only be consciously rationalized, as
a whole,after the experience is finished. Giving
the students an opportunity to teach tine
selves, as described in this article, impliescpra
tice with, and rehearsal of key words, images,
representations that form a detailed, holistic
and indelible sense of the experience, and that
cannot be yielded by a single inquivgsed &-
periment (as | had pretended in the past).

Outlook
After the scholastic yeas coming to its end, |
can reflect and compare the educational strat

gy of the adipic acid experiment with othertsu
sequent experiences and attempt to understand
why the former was better and to formalize the
approach so as to make it transferrable tdet
learning activities. First of all, | intend to try to
transfer the idea to inquinpased, mindson
activities (i.e. true lessons for younger students),
that could be less time demanding yet equally
effective. All these efforts have been accoayp
nied bya parallel PROFILES course and can be
viewed as an attempt to put into practice
PROLFILES philosophy. The MoLE questionnaire,
which was assigned to all students, will be a
further source of improvement.
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2.20 Science Teachers’ Learning Team ¢ A Powerful Tool to Improving Inquiry
Teaching and Reflection Skills by Focussing on Teacher Individual Needs

Dace Namsond, o3 2 { ny S Wn 1 BHJBoluntEad CahadaolgafiRed in January
WSt Sy |+ @UniveksityOfiL&viayl&tvia 2011. The group of experts wasady to pilot
the new for them) teacher CDP model ithe

Background summer of 2011 and a research andan experts
While S+ OKSNE Q / 2y Ay dz2 dzd dpeNdBich&ndethddalogywhs créaed@he po-
opment (CPD) foces onteacherlearning (Fu- cedure for echworkshop was developed likie
lan, 2011), teacher asresearchergivesa cha- experts and updated beforthe followingwork-
lenge for CPD expert® tdevelop new tools & shop during seminafmeetings for workshop
cording to teacher@eeds. The individual needs leaders, organized as inbetween workshops.
to improve experienced teache®fn this case, Group leaders participattas observers during
two to six years of piloting science curriculum  the sessios with other groupsand all group
and training; scientific inquiryetc) teaching leaders mde their own notes after the wok-
skills such aow to teach student$o suggest shop. The feedback from participants)servers

a scientific problem, make &aypothesis, per- and team leaders were noted and discussed.
form data analysisgdraw conclusions promote The teachers presented their work, took part in
studentY motivation, etc. were indicated by the focus group discussions ammpleted a
teachers themselves am issue requiring atre questionnaire during thénal conference.

tion. Evidence for tle needto improwe reflec-

tion skillsderived from resultsof the teacher€2 How the learning group works

needs gquestionnaireundertaken within the We describe in thipaper the work of one group
frameworkof PROFILES in October 2011. Action of PROFILES teachersn November 2011
research washe preferredtool for teaches to twelve science subject teachers (Biology, 4

improve their own practice and reflection skills physics and 2chemistry teachers)teaching
whered 6 KS | AY 2F {Kvastédl O lgiadey B tol Nibdiff&éntsthiols in Latvia took

enable teachers to solve, or improve a proile part ina group sessiorwith the goal to improve
I 0 A O & KTaberl 200V Agfién research is their scientific inquiry teaching practicaccod-
Gt A1 S I Tddmibed tycled Tvoldifyf F ing to their individual needs. Ten of themere
planninga change, acting and observing re- to eventually present their work ina Latvian
FEtSOGAYy3a X Y2RAFe&Ay3I: (findicdniérahce InyWRy 2@12ThSORIPAWAS X =
NEB T f S(@dminig R éMcTaggar000, 595). joined byexperienced teachers whoad already
Teacher learnig teams for the action research attempted to use scientific inquiry methadin
were developed. their teaching practicebut had found wed-

nessesin their approach,especially related to
PreparingCPD expert teanteaders not finding a clear understandingof student
The focusof the learning teamsvasto act asa expectationsregardingthe tasks given by them.
G§SFOKSNEQ LINRPTFSaairzyl t Anbdividiahrgsaarchiguiestion wiang forualeiNe @ S
individual teaching practe and reflectionby by every participant. For exampléif | gave
science teachersThis innovatiorwasorganized studentsa task toundertake a short case stud
in Latvia ér the first time. Theinitial training of every two weeks, would they learn to formulate
the experts (potential learning group leaders) the researchdzS & G A2y | Yy Retc.KTBelJ2 0 KS a .
was undertakenin the spring 0f2011, in close studenttasks and action researcimethodology
cooperation with foreign experts PROFES and instruments were prepared, discussed and

partners includeyifollowing a study visit to Bit updatedon regular basis



The teacher plan for group work consigd of
five researchoccasions in theclassroomwith
group working session workshos once a
month, an action workshop andhe final can-
ference. The opportunity to communicate with
the group leader electronically between weor
shops was offered. The planning for the Wwor
shopsis shownin Table 1.

teachers andhe group leaders found that the
learning groupwas a very powerful tool. The
formal resultson teacher gains shoed tha all
of them foundit a big ora very big gaihin the
improvement of their skills such assohing a
research problemanalysingwork undertaken
reflecting on 2 y S Q & teaghing gaining evi-
dence about improvemest and cooperation
with colleagues.

Teaclers pointed out
the importance of the
rules for the group
leader in workshops
for instance in crea
ing a positive atms-
phere, keejng the
appropriate focus
during  discussios,
working as a coach,

helping by providing
support to individual

teachers. The tad-
ers mentioned the

Time Topics Shortdescription

16.11.2011. | Introduction. The goals. Whatis action research? How the learning team
The procedure. The rules works? What the teacher— researcheris?
of group work. The first Common understanding — what scientificinquiry
formulation of research s? What the reflectionis? How to formulate the
question. research guestion?

05.01.2012. Reflection about first What | have understood about my research
version of research question? What would be students’ gains? What
question. The update of evidence dowe needtosee the improvement?
research question. Action What are the research instruments we could
research instruments. use? How to choose the appropriate tool? How

to choose the task samples forstudents?

07.02.2012. Reflection aboutresearch How to focus my research question? How to see
question, tasksamplesand | are question, samples and data tools
instruments has been corresponding? How to improve them?
chosen. Planningofdata
acquisition.

07.03.2012. Reflection about task How to improve task samples? How to improve
samples, evaluation. my research tools? How to see whatdata show?
Reflection about progress What are my student’s gains?
of research.

12.04.2012. | Reflection about progress. | Whatare the conclusions from my research?
Conclusions. Planning of How to presentitto my colleagues? How to
the presentation. prepare the poster? What's next?

10.05.2012. | Final conference. The presentation of posters. Focus group

discussions.

following as their

Table 1. Content of learning group work

Eachworkshop includd asimilarprocedure:

e Individual reflection (2 minuteper person
without questions and comments)

e Group reflection and discussion about the
work undertakenbetween workshops

e Focwsed input from the group leader a-
cordingtol KS { SneedK S NBE Q

¢ Planning othe next steps

e Followup Independent research work.

The rulesunder whichthe group worled were

developed together withthe teachers. The pa

ticipants found it important tomaintain confi-

dentiality about problems discussed.

Results and discussion

Thechallengeof this CPD activity was that
workshop leaders and teachers were both
learners at the same time. Both of theqn

individual gains:
osharing with cé
leagues and not being
selfconscious, d feel support to my ideas from
the colleagues dit was the first time | focused
on the evidence in the classroom with students
to make coglusions and they did &t dgoing
step by step not in a campaigromaking notes
disciplined m& 6students mentioned that the
new checklist is really useful and | found it gyas
¢there is the tendency for RIS Y (i & Q
improve @atc.

The group laders commented that teachers
became much more open during the learning
period, they leared to formulate research
question, to improve skillen using theinstru-
ments for the data, to analyse and reflech
their work based on evidenc@negroup leader
wrote:

¥4 or 5in Likert scale 8)

z
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d am glad they understood there is much to
learn for them, a lot of things to improve; there
was real reflection when they informed about
their research; they are a teagithey commuit
cate and consult each other... they are ready to
cortinue..£

At the same time the group leades reflected
that many of the teacher$sound the main prdo-
lem from the very beginning to be controversial
to their expectations.All goup leaders found
one problem was formulating a good research
guestions¢ the teacherswere too general or
too obvious.

Teacherswere used to béng an empty vesel
filled by others. The fadhat they hal to focus
on their own very short research question was a
real problem. It was not easy from thery be-
ginning to keep rules, to havacommon unde-
standing for the meaning ofinquiry teaching,
what were real instruments togather evidence
about practice etc. The teachers and group
leaders both foundhe will to continuelearning
to use action research ithe classroomduring
the next schoolear.
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Improve Teaching and Reflection Skills

DI OS bl YazlyS2 I yuwywésiydf
Latvia Latvig

llze Gaile¢ Tukums RainislGrammar School,
Latvia

Agroup of experienced teachers was selected
participate inPROFILES in Latvihese tachers
had prior experience of teaching scientifio-i
quiry during the piloting and implementation of
local Science and Magimatics education re-
formsduring thepastyears.

We thought it very important for the disseni

nation of PROFILES ideas, to consider teachers

as leaders¢ working with other teacherson
how to implementscientific inquiry in the clas
room; that is, tow to help teaches build on
being a teacherlearner, teacherteacher and
teacher reflective practitionerto a teacher
leader, according tothe expressed PROFILES
philosophy. One of the mode for the teacher
professional learning was created and described
in this paper.

In the process otindertakingscientific inquiry
students obtain skillson how to form and an-
swer questions, to conduct an experiment, to
analyse data, talraw conclusiongrom databy
thinking logically and critically, work in groyps
etc. If the teachers havéad teacherdirected
teaching experiencethrough lecturing, cod-
book labs etc. for anumber of years the real
problem for them isto change their teaching
practiceto be morestudentcentred.

Our team ¢ expetienced members fromthe
Centre for Science and MamaticsEducation
at the University of Latviaave observedmore
than 700 Science and Matmaticslessons du
ing the last five years deito piloting local ma-
rials for scientific inquiry teaching and learning
in schools. Itservesas evidence to say that
teaching scientific inquiry in practice meahsit

2.21 Experiences from Latvia ¢ Science Teachers Learning from other Teachers to

the teachers not only learn a set of new téac
ing strategieswhichthey have not used before
but alsocharge their beliés about teaching as
stated by Fullan (1991)The frst years of teak-
ing scientific inquirelements in the classroom
show a gap between what teachers think they
do® and what is really going on in the classroom
during the lesson. The obsetion of lessons
show a strong need to support the teachers to
closethis gapg to improve their teaching tdc
nique and to improve thie understandingof the
studentfocused teaching process In order to
learn this from others and to reduce doubts
about gi dzZR Sy (i & Q, it B dzéfd g
ers to observe and refleatn their colleague®
teaching.

The strong need to improve teaching anak-r
flection skills

There are a number of chemistry, physics and
biology teacherswho aremostly working alone

in teaching their subjectin their school. Our
previous experience shows a strong need to
have a teamd minimum of 3 people)of teach-

ers working together for the successful irapl
mentation ofthe new ideas irthe school.d 2 S f f
developed teamwork improves thguality of
practices as teachers work and learn from each
2 0 K G0lEn, 2011, 34).How to organizean
exchange of experiensebetween teachers to
support them in the classroom practice was an
issueto solve. Data from observing the lessons
corresponds @ the teacherfviews. The P8&-
FILES tezher needs questionnaireutilised in
October 2011 shows that notreflecting onthe
experience of teaching scientific inquiry for two
or more yearsteachers (21 participants) have
found a strong need to learnin order to pro-
mote higher order thinking amongshe stu-

*focus group discussions used
® teachers mentioned in the guestionnaire verycae
essary and necessary



dents (86%), to guide students to ask questions
and discuss (67%j)o promote student§argu-
mentation skills (67%}p provide suitable pds
tive feedback (71%)to undertake a range of
formative assessme strategies (67%)to cre-
ate motivational changes (52%tc. The teab-
ers themselves have fouravery strong need to
improvetheir reflection skills.

The professional development modet the

teachers learnfom other teachers Figurel. Science lesson in Latvia
input about the teaching and learning skillsf
Despite the evidencand the fact that almost every focus; observing teaching in practice (usually

other profession conducts most of its training in real
ftAFS aSGdAy 3 teachérXtailing fakesl B
LX I 0S Ay GKS GSIFOKSNBRQ 2
where it would be precise and relevant enough to be
most effective (Barber & Mourshed, 2007, 27)

How can teachers understandihether, in the
classroom teaching practicghey are on the
right pathwayto using strategies new for them?
How @n we help science teachersworking
aloneg inteaching thesubject intheir schals so

asto havea different teaching experience®he
model of schoebased workshog, directly fo-
cused on the improvement of reflection skills
and the way teachers can learn from other
teachersto improve theirinquiry teachingwas
createdwithin our teachersPROFILESPD - ¢ How b reflect on teaching and learning
gramme. The model for one groujs described. science.A model of analysis andeflection
This group of science teachers from 5 schools on theopenlesson.

two open_lessons fora PROFILES focus on
Eeéc%grésste@cbeh afocus group discussiaio . .
gr%élyse%ﬁdlfe?l(eact 01;1 'fﬁim\e(t(%ach|U|n(‘:rj< asnd Ilééllfrnlling s
practice observedteacher as reflective praiet
tioner). The procedurespecificworksheets for
observation andthe reflection guidelines were
created bythe experts. Feedback from partie
pants was asked after everyorkshop.During
the third phase the expert€team worled on
summarizingthe feedback fromthe teachers
andthe experts andon planning the next wde-
shop. The set of topicselectedfor the work-
shops, according tothe teacher needswere as
follows:

(the network of schools with innovative exper e Teaching scientific inquirystudentfocused
ence in science education from the National teaching. Case studies

Education Centre wassed for PROFILES) took ® The development of HOCEigher order
part in the schoobased workshops during the cognitive skillsjhrough scientific inquiry
time period from November 201fo April 2012. e StRSYdaQ Y2GA@QIGAz2g F2NJ
A set of 5 workshops per group was created. backextendedthrough scientific inquiry
Every workshop was ke in a different school. e Formative assessment ihe science clas
The workshp was opento science teachers room.

from these schools. The CPD modellided Every teacher in the groumok the role of a
three phases: planning and preparation; Wer teacherlearner (from others experiengeanda
shop ata school;evaluation.During the prep- teacherteacher (with potential of becoming a
ration phase teachers together with the ex- teacherleader) to open his/her classroom to
perts, planned and prepaed open lessons & colleagues learning and to be a leadertbhé
cording to the focus of the seminar. Experts  group reflection sessianLearning outcomes for
planred the input sessions.Each workshop students, argumentation and motivational

within the school consisted ofthree sessions: teaching and learning strategies used the



teacher and studets, alternative ways of tede
ing, assessment strategies usexlc. were ds-
cussed.

Results andliscussion

We have found the developed CPD modet-su
cessul for the teachers to learnrdém each ob-
erQi@aching and reflection skills. The final gue
tionnaire | 6 2 dzi
nized inMay and Jung2012. Teachers respdn
ed® that during the workshops theyad im-
proved their skills for planning and teaching
scientific inquiry (90%), they had improved
formative assessment strategies (86&6id for-
mulated skills to motivate students (76%).
Teachers fully agre¢hat they had improved
their reflection skillshad motivation to improve
their teaching skills and they Halearred to
listen to their colleaguesable to professiondly
evaluae strengths and weakneses in their
practice (95%); hthgreat satisfaction and self
awareness about their teachingractice after
reflection (90%). At the same tim&3% me-
tioned theyexperienced sometress during the
open lessons which is considered to bé¢he
main tisk for this model of CPD. It was me
tioned bythe experts that during the period of
changesteachersfirst of all tryto focuson the
formal proceduresand not on the essence of
the newfor-them teaching strategiesas was
mentioned inthe introduction. It takestime for
real changes in teaching practite take place
The successful orgastion of workshops d-
pends on understandingby school leaderson
the importance of this kind of CPB&nd the
agreementgained,within the innovative school
network, to dedicate one day per week for
teache CPD was helpfuh order to manage
practical risks.

Experts have found this model very successful
for teacher CPLg to learn from each otheby
working together¢ usingteachersof different
science subjed from one school and one $u

%21 respondent;strongly agree or agree, Likert scale
used

ject teachers fromother schools. It giveshe

teachers more experience in teachiagubject

and selfawarenesghat their experience is &s

ful to other teachers irthe school at the same
time. The next steps could benore focused
workshops for improving teaching technique

more detail
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¢ 2 Rl @ Qyiplaée2chalNeSging demands on
individuals, who are confronted with complex
tiesin many parts of their livesBeing able to
deal wih these require suitable adjtis
ment/modification of the educational process in
order to prepare students in the best way for
their future professional, social and private
lives. This requirement became the base from
which to elaborate the conception of ¢hso
Ottt SR aisSe
Council and Parliament accepted the European
frameworks of key competences (European
Council, 2006), defining competences indispe
sable for citizens for seftilfillment, social in¢-
gration, possessingctve civic attitudes and
obtaining skills appropriate for the job market in
their society.
The Reference FramewofEuropean Comrsi
sion, 2007sets out eight key competences:
1) Communication in the mother tongue;
2) Communication in foreign languages;
3) Mathematical competence and basic compe
tences in science and technology;
4) Digital competence;
5) Learning to learn;
6) Social and civic competences;
7) Sense of initiative and entrepreneurship;
8) Cultural awareness and expression.
Duringenactment of the PROFILES projeptr-
ticipating science teachers use speciallye-pr
pared modules, mostly adapted from thos&-e
emplary from another project, PARSEL
(www.parsel.eu). Each module contains @R i
troduction to familiarize students with a specific
everyday situation which is connected with the
necessity of solving an actual real life issue.
FAa8R 2y Sy3Ladysyd
students first recognize the scientific element
involved, and then attempt to solve the assoc
ated scientific problemjn groups, looking for

2.22 Developing Students’ Key Competences Using PROFILES Modules

WI NB & O gneefiedl MifiorMation, lplgnRing suitable investig

tions, recording the obtained results, drawing
conclusions based on them and finally pretsen
ing them to other groups.

Largely, these modules refer to the key camp
tences, as illustratedbelow. This realization
suggests that application of these modules in
the education process should significantly affect
RSOSt2LIYSyid 27

Key competence 1: Communication in the
mother tongue
Modules assists the development of tledfi-

O2YLISG Sy OSacent usy off thed ind@herl KrPue mzpadse)S |y

through conscious application of language, it
means adjusting to the situation and purpose of
views, description of the world, precise wording
of thoughts, employing rich vocabulary, as well
as effective andrespective to the recipient
communication.

Key Competence 2Communication in foreign
languages

Searching for information needed to solve pro
lems may demand also using sources in foreign
languages.

Key competence 3vlathematical competence
and basic comptences in science and techho
ogy

In the inquirybased section of many of the
modules, the problem solving requires cakzul
tion and formulating conclusions based on
mathematical reasoning.

Key competence 4Digital competence

In searching for informatignstudents are mar

ly likely to use the Internet and through coltec
ing, as well as processing information, they will
learn how to apply it in a critical and systematic

& A (Way.(iVihe doryinudiidating witH 5e8c8 yotheih 2 = Q

during learning through the module and prepa
ing presentations of the obtained results they

atdRSytaQ 1



can also be expected to make use of imfo
mation technology.

Key competence B:earning to learn

In the course of meeting the module compate
cy targets, students become aware of the iear
ing outcomes they ardo achieve which can
positively guide students in organizing their own
learning processes through effective maerag
ment of time and acquiring skills and cognitive
information both individually and in groups.

Key competence 6Social and civic competen

es

PROFILES modules are initiated from social, or
other student familiar, situations. The outcomes
obtained, due to the enactment of modules
refer to everyday situations and student-e
gagement will require students making socio
scientific decisions thus prasiing engagement

in social and civic activities.

Key competence 7Sense of initiative and e
trepreneurship

Undertaking learning through PROFILES ad-mo
ules will require student involvement in pia
ning enterprises, leading to achievement of the
intended learning outcomes, as well as mapa
ing, controlling, commissioning tasks, analyzing
the obtained results, making reports andnze
municating.

Key competence 8:.Cultural awareness and
expression

If PROFILES modules achieve their targeh-of i
trinsically motvating students, tasks performed
by students should get them involved ematio
ally which many a time will be connected with
the creative expression of ideas and awareness
of national cultural heritage and their place in
the world.

As follows from the analys the application of
modules in the enactment of the PROFILES pr
ject and the associated student learning is d
rectly geared to the development of all key
competences. The success of PROFILEs depends

on the teacher realization that the key coeyp
tencies ae important and this in turn depends
on the teacher ownership of the additional po
sibilities created by the use of these modules.
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2.23 The Needs and Expectations of Polish Science Teachers related to Professional
Development

Ryszard M. Janiuk, ElwiamonekMiciuk and e Nature of science

WIE NRAOI ¢ ¢ BlaiyICtie{ 1 U2 R2 ¢ & ¢ | Scientific and technological litera¢$TI.

Univesity Lublin, Poland e Goals and process of educatio science
education

The major aspect of the PROFILES project is , Inquiry-based science education

developing the professional skills afcience e ICT in science education

teachersso as toraise their selfefficacy to take e Integraton of science knowledge/

ownership of more effective ways of teaching educational projects methad
students. Each project partner expected to
prepare their own teacher continuous
professional development{CPD) programme
reflectingthe range of needs ahe participating
teachers The CPD is intended to guide teachers
G2 SyKIyOS aiddzRSydaqQ
learning, both in terms of intringi motivation

e Classroom learning environment

e Student motivation and interests

e Assessment

Respondents were asked tandicat their

conﬂdencen utilisin thejcrllven sklllﬂaased
Y?pomt scale (gooci edlumc poor? as Wél as

their level of interesin improving a given skill

(meaningfulness, relevance, importance, as using a5point scale I GSNE KAIK T D
considered by students) and extrinsic alliver

v2UuAOruAzy o ,Sf" OKS Nﬁfﬁ s a9y fief ZNH trie FebponsSshowed thbediff
foom environment and - reinforcement o general,teachers evaluate their skills as quite

learning). good with differences between the above

IE order to create.kj)rogrammethat WZUId’ ta mentioned thematic groups not great means
the greatest possiblextent, accommodate the were in the range 1,80 to 2,04Confidence in

needs of the Polish science teachers involved in the abiIity to promote éstudent motivation and

the project, the teachers' opinions we Ay S Nﬁsahe anést highly evaluated skills

O2f f SOUSR 0 & wayBuesfignnaizet I-I Stoyrljadi)\RNJaaO)\S)/OS &R
GLYGSANI GA2Yy 2 Teddcaiandly OS
2

concerning selhssessment, didactic skills and
LINE2S0OGa YSGK2Ré GKS f

their wish to improve therselves A draft
versbn, proposed by the leaders dhe relevant Leves of interest in improving a given skill
evaluatedon a fivepoint scale,paralleled, in

Work Packagewas usedas a basdo prepare
many cass, thetS | O Kl&vBlIdfEamastering a

this questionnairein the Polish languagd=rom
an analysis of the factoricluded, which could given group of skills. For example, the greatest
interest was shown by the teachers in

affect the efficacy of the typical science teacher
n Junlor. secondaryschooil, their needs gnd professional development timprove the skills
expectations concerning professional AY & LbdspdiztienBe educatigrone ofthe
development were determmedAIfso usedforh items given thdowest level ofconfidence This
compgrlsor? We_rﬁ o.utc.lomes. rom anotder is not surprising as Polideachershave been
questionnaire with - similar - aims  prepare required in the past,to acquaintstudents with

during undertaking another project in which the largest possible amount of informatiptius

science teachers in Junlmecthary schoallso forcing & £ S F NI/ A y Snetbodls HiviveNTi &
took part(Janiuk& SamonekMiciuk,2012) C
at present more and more attention ieing

™S . t Wh CLL® { q&léalbhuaﬁea he %aid to methods encouraging active acquisition
comprisel 50 items covering thefollowing 9

_ of new knowledge bystudents. This isamong
thematic groups:

0S
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others aspects a particulareffect of outcomes comes will resli in the case of the PROFILES
from the PISAstudywhich has been carried out project.

in Polandsince 2000. Tis research indicated

that Polishstudents obtainvery good results in References

menorisinginformation, but their ability to use Janiuk, R. M. and Samonbkciuk, E. (2012)
science knowledge to acquire new knowledge Schoolbased irservice teacher education

as a wayof promoting integrated teal-
and solve problemsvas much worse(OECD, ing and learning of science subjects.Hn

2010) Tre above goes some way jostifying H. Hansen,W. Graber& M. Lang(eds).
a0ASyO0S (SHOKSNBQ Ayl SNEBa& Crodsyig bointidiids Gt slericdh athed Y U K
PROFES projectwhere they perceive the@im educationa £y & G SNY 2 FBY Il Yy ™
as promoting and imp|ementing inqui.'based OECD(ZO].O) PISA ResultsWhat Students

Know and Can Do. Student Performance in

A comparison ofquestionnaire outcomesro- Reading, Mathematics and Science. [{vo
P q P ume |) BrusselsOECD

vides interesting conclusions about the skills of (http://www.oecd.org/pisa/pisaproducts/
applying ICT in science education. Here the 48852548.pdf)
teachers evaluate their skills highly (1,84). This

outcome was perceived toesult from teacher

interest in acquiring qualifications in tharea,

where possibiliies to participation in various

courses and projects supported by the Ministry

of National Education and corafer firms have

been promoted It is thus not surprisinghat the

teachers stated out of the nine skill groups

they arethe least interested in additional tnai

ing inICT (It should bepointed out that the

above mentioned results were neeen adypi-

cd of an average teacher because, as a rule,

better qualified teachers take part in project

suchasPROFILES

From a omparison ofthe results of tlis study

with those obtainedin the CROSSNET project a

few years agogreat similarities werdound as

far as the teachesQ S @I f dzr A2 2F GKSANI LINRTFS
sional skills is concerned. In both caseslish
science teachers, in junior secondary schools,
evaluate their skills in integrating science
1y26f SRAIS YR AYRAGARdZ t AaAy3
cesses of learning as rekaly low.

It is also worth mentioning that the teachers
participating in the above mentioned CROSSNET
project positively evaluated its effect on ddve
opment of their professional competences.
There is thus great expectation that similartou

science education.
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Oral Hygiene”

Teresa RosinhasEscah Secundaria de Almeida
Garrett, Portugal

Carla Morais, José Barrard Jodo Paa ¢ Uni-
versity of Porto, Portugal

Considerations and gda

An adapted PARSEL (2009) module was named

G/ KSYA&GNR |yR 2N} f K@

2NAIAY I § a. Ndza KAy 3 dzLJ

module, applied to nintlgrade classes, students

were faced with the fact that chemistry isepr

sent in daily hygiene prodits and that analysis

of these can promote a critical attitude and

influence their choices as consumers.

In the original PARSEL module, students were

expected to:

1. Relate chemistry with everyday life and thus
increase students” interest in chemistry.

2. Find ait about the role of numerous $u
stances that are ingredients of toothpastes.

3. Prepare toothpaste in the laboratory and
compare it with commercial products.

4. Analyse various kinds of toothpastes.

5. Discuss the importance of dental care.

In the ninthgrade, stdents are expected to
learn about chemical bonds and gain an dnatr
duction to the world of organic chemistry. By
the end of the year they are expected to be able
to:

e Recognize the constitution and themi
portance of hydrocarbons;

e Distinguish various kinds bfdrocarbons;

e Identify some compounds with functional
groups;

e Recognize through structural formulas,
more complex carbon compounds such as
synthetic polymers.

In the ninthd N> RS> t 2 NlidzZ3dzS4a S

usually show much enthusiasm in the study of

concepts, such as in organic chemistry, or
chemical bonding. The PARSEL module was an
opportunity to undertake a different approach,

2.24 Discover Introductory Organic Chemistry with PARSEL Module “Chemistry and

so that these concepts would appear in aneo
text of everyday life, showing that chemistry is
a powerful tool to increase the kmdedge
about the natural world in which we live.

In this paper we discuss the application of the
module to ninthgrade students and critical
analBe fLliievermafitiawsrdls Rhe &veFall abj& S
tes. OKSYAAUGNRBED® Ly GKAA

L.{9 FTYR &/ KSYA&GNR I YyR
implementation experience

The suggested teachidgarning approachnk

cluded four stages:

1. Arelevant context for students.

2. Inquiry-based problem solving.

3. Socioscientific decision making;

4. Introducing relevant chemical concepts.

In the first stage, a question was put to thi-

RSyiday aLa&a OKSYA&a(lNB LINB
dzOtaKé¢ FyRX 3dzZARSR éé& (K
Orffte F20dzaAaAy3a 2y ma2 KI

L2 dzy R4 LINBaSyd Ay
discussion, a task was given to all studente{pr
viously organized igroups) to select and bring
to class a commercial brand of toothpasiehe
teacher suggested that students should also
study a commercial brand of toothpaste, opr
duced in Portugal since 1932. This discussion
stage took about 20 minutes.

The review of thdabelling on product packages
and consecutive systematization of the ingred
ents into particular groups was the next phase.
The students were given a support document, in
digital format translated from the original RA
SEL module, and some Internet websiwwere
suggested, so that they could find answers to
solygithefnlargrablemz 2 v Q

In the ninthgrade, students are about to make
a choice regarding their professional future. It is
thus very important to show them (even for
those who are about to stop stuthg chemistry)
that science is essential to the understanding of

G220 KLI &



the world in which we live. In this context, the
study and preparation of toothpaste wa®-f
cused and also motivating.

Nevertheless, the chemical compounds that
exist in the toothpaste are vg complex for 14
yearold students. They do not have previous
knowledge of organic chemistry and so they are
discouraged by the names of the chemicainco
pounds.

After the investigation took place in the ctas
room, students prepared their own toothpaste
in the laboratory and compared it to the chosen
commercial brand. For this last task coloured
eggs are needed, but because this procedure
would imply the use of another lesson (without
meaningful relevant learning), the teacheropr
vided the coloured eggs.

The second stage took one lesson of fefitye
minutes and for the laboratory work one lesson
of ninety minutes was used.

While preparing the toothpaste, students also
answered a sees of questions regarding the
interpretation of the laboratory work. Therat
home, they prepared an oral presentation, to
show their classmates the results of their isve
tigation and the conclusions they had reached.
The final presentation took one lesson of ninety
minutes.

Students were now ready for some relevant
chemical cacepts to be introduced, such as
chemical bonding, and through highlighting
aspects of the formula of SLS (Sodium Lauryl
Sulphate), other more complex carbon nae
pounds were presented.

{GdRSyGaQ NBIOGAZ2YyAST NB®AIitid irdigputabfeRhatdhé applidztiah bf2 y

When the project was piented to the -
dents, they showed enthusiasm, especiallyi-co
cerning the laboratory work. However, se#-r
viewing of the labels was not a very motivating
experience. Students found very complex iche

role/function. Nevertheless, some ingredients
with complicated names, such &EG6 or co-
camodopropyl betainevere simply ignored by
the students. The laboratory work was exciting
and most students participated with enthids
asm. Most of the students were able to answer
the questions about the laboratory work.

It was an opportunity to apply emepts of acid

ty and alkalinity of solutions.

This module was also interesting in terms of the
interdisciplinary work that can be developed
with other members of the school community.
The students developed a project in Art Educ
tion that consisted in dawing the package of
the toothpaste and one of the parents who was
a dentist, offered to come to school and talk
about oral hygiene.

Students were assessed taking into account the
pre-experimental work, the practical work and
the final presentation. Heret was found that
the majority of the groups had difficulties in
terms of autonomy, especially in the laboratory.
One issue was that they did not read the i
structions carefully and, because of that, they
RARY QG SESOdziS Ittt oikKS
cedures. During the final presentation, students
also experienced difficulties in the interpeet
tion of the laboratory work.

Overall, the initial goals were partially achieved,
but, after analysing the various commercial
brands of toothpaste, the students ditbt gain
sufficient learning to be able to choose the best
one for their needs.

Conclusion and outlook

this module contributed to the development of
scientific literacy. Despite the difficulties, the
analysis of a product in daily use led the pupils
to inquire, promoting the development of a
critical reasoning and creative thought. uSt

NS |
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From such a module we can study organic teacher training on inquirpased teaching
chemistry, chemical bonds, distillation, and so methods on a large scale in Euroge
on. In this way our slogan becomel] S i Oa GPI-A&SénneX a5 SaONRLIAZY 2F 2 2NJ

the students to cémistry and not the chemistry EL (ZOOSqushlng up-on chem|str3_/ ua
thors Georgius Tsarparlis & Georgius P
to the studentf) ®

paphotis). Retrieved from: http://www .

parsel.eu
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PROFILES (2010kP7 Negotiation Guidance
Notes¢ Coordination and Support Actions
¢ Supporting and coordinating actions on
innovative methods in science eduoati

2.25 Do You Need Chemistry in order to Be a Good Bone Surgeon?” Using a
PROFILES Module to Contextualize and Promote the Study of Introductory
Electrochemistry

Nuno Francisz ¢ Colégio Cedros an@olégios e an IBSE methodology, arousinscientific

Fomentq Portugal curiosity both individually and in group,

Carla Morais, José Barraad Jo&o Paiva Uni- promoting interaction with scientific mae-

versity of Porto, Portugal rials in order to independently seekvi-

dence for the solution to scientific problems

PARSEL module: presentation and goals and recognisingvhether the area is chersi

A PARSEL modu{2008, adaptedfor useby us try or other sciences, thus pramting inter-

in the PROFILES projeds designed to motivate disciplinary.

students for the study of introductory eled¥

chemistry ¢ a chemistry field normally difficult Development stagesselecting and preparing

for students (Burke et al., 1998The module the module

concernsa study ofconceps of oxidation and Thisbegan by interesin PROFILE®\e available

reduction reactions, electrdemical series and information (the official website and theda

reactivity ofmetals and is intended to promote justments made to the Portuguese site) and by

pedagogial approaches through Inquibyased consultation of existing material¥Ve then pio-

Science Education (IBSE), a focaibeit in a ceeded to the choice of module, constraahby

motivational way, of the PROFILES project the timing of its implementation ina pro-

(Branch & Oberg, 200#ROFILES, 2010 gramme already developed andts ready inte-

The new approdues through the modulare: gration and/or adaptatiorinto the curriculum.

e the application of new methodologies in the Our personal choice derived from its immediate
teaching of chemistry, such as the userof | application afteradaptation plus inclusion of

formation and Communications Technology = one of the issues where we fattmore difficult
(ICT), in particular, a computer simulation, to attract students andan areawhere there
before laboratory work; were a large number of alternative conceptions


http://www/
http://www.parsel.eu/

yet an inability to organizethe concepts in a
logical manner

The translation othe modulewas fastand the
most time consuming phastirned out to be
the choice of a motivating scenario thatould
attract students. The adaptation was chosen
based oma soccer playemwell known worldwide
w2yt R2 [AYlIZ (Yy26Yy
The genario proved to be an immediate success
based onits easy recognitiorits intrigue for the
personand f & 2 & indidduBlycliasacdes-
tics (not forgetting the social and vocational
issues). The first "inquiry brainstorming"
brought about numerous gestions (around 20
different ones), with approximatelythe same
number of questionsdivided between biob-
gy/medicine and chemistry.

The applicatiorof the module was perhaps the
easiest part and it was a surprise to see thé co
laborative activity of stdents in undertaking
different initiatives. Careful guidancéor carry-
ing out the procedurefor the activiies (guided
IBSE) ensurethat this initial natural interest
ably supportedby new technologiesdid not
slippedinto dispersion. The freedom giveim
the operation of the computer simulatigrwas
very useful for all studentso adjust the time
spent on the different computer applications
and the proposalsfor different activities (such
as the macroscopic and microscopic analysis of
the reactions ofmetals in different solutions). In
response to questions asked in the student
guide, it was found that almost atudentsre-
sorted to the information contained in different
parts of the application, mainly othe micro-
scopic analysis. In the second sessistudents
tried to answer the questionsientionedabove,
with the teacher having two roles: to present
three more questions (which would conepl
ment the missing content) and guide theust
dent)  NBwhk,Srémembering experiense
from the previous clasdn a logical and colre
ent way (netgaining ofconcepts). As manys-
sues within thearea of Human Biology and
Medicinewere likely to arisethere wasa need

to use supplementary texts in order to clarify

and help the students to work independently. At
the end of the application of this modulé& was
usefulto perform an experimental activity p-
posed in the official programe to seek further
evidence to supportthe results aleady -
tained and the accuracpfediction of the same.
This method responded welo learning expe-

I Hatioasifirs the JefRigl oGafieyandd e

mented the concepts preciously learned.

The sharing of these successes with colleagues
from the project was very importanthe feed-
back received and the encouragement toneo
tinue working to improve it, was very motisa-
tional. This was further facilitated bynaking
two presentations: the first referring to the in
tial stages of implementation of the module and
the second, madeluring thefinal stages ofm-
plementation on the main constraints, thee-
sulting adjustments and complementary rhet
odologies such assummarizing a slide to create
a methodologyfor IBSEor an improvemento
the initial scenario

Reflections, concerns and evaluations
Reflection on the moduléocused onthree dis-
tinct compments

(a) the initial part consisted of an analysis of
the results obtained by the students and-d
tection of bottlenecks in the implemeat
tion of the module;

(b) recognising where adaptations to the drig
nal draft could be made, so as to meet the
& (0 dzR S y dtations &hé loier impros-
ment in the emerging results;

(c) explanation of outcomes to the PROFILES
group, with a presentation of the different
stages of implementation of the module,
the results obtained in the teaching of
chemistry bearing in mind the cstraints
of the senses and improvements of this-a
tion-research methodology.

Sumnarigng, the weaknesses of this methoto

ogywere found to be

e too little information on scientific content
(especially lhe content related to Biology);



e the short duration & the initial motivation
by the students;

e the limited capability of students to handle
autonomy in solving calculation problems;

e poor ability to reflect on the initial question,
and even a huge gap between the main-o
jective of using the module and theub
come derived from implementation of the
module.

What stood outas positivewas the intrinsic

interest of the students byhe initial scenarig

their inter-collaboration atthe different stages,
the felt freedom to explore different tde
niques, he guidng oftheir actions by the issues
raised, not only from the questionnaire @

posed by the module, but also from the e

tions raised by the initial brainstorming, which

were answered, selectively, after the application
of the module.

Also important was theredictability of results

in laboratory activity proposed in the cumie

lum, not onlyfor the experimental results as in
answers to questions before and after labarat
ry, which appeared in the report during the day
of the experiment. It appears then thdahe can-
straints are clearly diminished in relation to
positive opportunities, stressing the usefulness
of reinforcementmethodologyin IBSE, which is
one of the key project fulcrumasf PROFILES.

b SE

Suggested furthedevelopment ofthis module

is divided into three parts

e The first phase of development requsan
improvement in the implementation of the
module by the students of the next school
year. A suggested alternative for the scena
io is to focus more on metallic structures
and metal restoration/ conservatig

e Another aspect isundertakingthe disseni
nation of the module to other teachers,
thereby allowing the contribution of other
colleagues with possible adjustments to
cope with new samples of students (as is
the case withpossible differences in theni

plementation of ceeducation and singlsex
education in schools);

e The third stage (at the very heart of PR
FILES), is the training of teachdhnsis pro-
moting the sharing of knowledge, aplic
tions and reflections.
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2.26 The PROFILES Model ¢ A Trans-disciplinary Integrated Approach Centred on

Relevant Aspects of Daily Life

Gabriela Dinu and Ofelia TanageDambovita
County Scholar Inspectorat¢ N NH 2 Bokas (i S
nia;

Niculina Simionescy d&Constantin Carabelfa
National Collegg¢ N NH 2 Bbiania S

Content

One important approach, mentionedbove, is
trans-disciplinary This is of much interest to the
approaches within PROFILES as it appeals to a
general theme from different perspective of

Gabriel Gorghi Valahia Universitg N NH 2 @A odiurBcular areas, by trying to build learning to

Romania

Introduction

IBSE has been considered as one of the most
important approaches for improng science
education in Europe (Rocard et al., 2007). In this
respect, the PROFILES project promotes IBSE
through raising the seléfficacy of science
teachers to take ownership of more effective
ways of teaching students, supported by stak
holders (The PBFILES Project, 2011).

In Romaniathe PROFILESEducation through
Sciencedraining programme as a specific part
of the project, strives to meet the training needs
of the Physics, Chemistry and Biology teachers,
and thus to support students by promoting-
flection oriented teaching and learning, with the
aim to improve the scientific literacy and thus to
achieve a relevant science education, appropr
ate for the 22" century.

From another perspective, IBSE is recomdien
ed also for implementing IT§Tand wthin this
context, teachers specialized in one of thé-sc
ence areas have the opportunity to become
teachers of Science and Technology. They must
take into considerations various teaching-a
proaches such as multidisciplinary, interdiseipl
nary, or transdisciplinary, and also different
teaching strategies to include thematic subjects,
educational ideas including learning projects
and IBSE practice in an integrated curriculum
(Drake, 1993; Coquidgt al.,2011).

! Inquiry-based science education
8 Integrated teaching science and technology

create a complete picture¢ 4 KS WS RdzOl G A 3
throughscby 0SQ O02YLRyYy Syl aiNBaa
in PROFILES. Tratisciplinarity represents the
types of activities which transfer the knowledge
and skills from one curriculum area to another,
seeking to achieve the objectives of all curricular
areas in an integrat context. In this manner it
recognises that the goals of education apply to
all curriculum areas.

From the PROFILES perspective, the trans
disciplinary specific integrated approach isce
tred on real, relevant aspects of daily lifeepr
sented as they affe and influence our lives. In
fact, through such a trandisciplinary approach,
a0dzRSyGawY AyGaS3aINI GredS
tencies can be acquired in an intellectual rpe
sonal and social manner (Holbrook & nRa
nikmae, 2007)Transdisciplinary teaching isn
fact, organized, throughout the educational
process, on the gaining of intellectual, affective
and psychomotor skills of the student rather
than solely on the scientific content. Active
methods of teaching, within the trans
disciplinary approach, trafirm students as
learners, make them cparticipants in their
own education, and provide them with oppo
tunities to develop both as individuals and as
members of a teamThe students are encou
aged to learn by taking initiatives, having pos
tive attitudes towards the discussed topics,
making presentations in front of their to
leagues, finding/retrieving/evaluating more and
more information, and finally creating oke
views of the studied subject.

It seems that students aged 114 year old, are
the main benefiiaries of the tranglisciplinary
learning, at a moment when they have not yet

F Y R



defined their future career. They become inte
ested in many things, but also they gain the
intellectual capacity to understand and @it
grate the informatiorand to use their leaning

in new situations, with clear benefits for their
lives.

The organization of the curriculum content in a

transRA 8 OA LX Ay | NEB 2NJ il y
SyoSQ gle& Aa olaSR 2y
FaaSaairy3a 2F (GKS

the perspective of the effective integration, rea

ried out with respect to all educational stages

(design, development, evaluatioffrans

disciplinary themes help students to learn at their

own pace and to be evaluated according to what
they know, stimulatig also the cooperation
among them; it gives students the opportunity to
create their own strategies to deal with various
situations through active learnintn this respect,
they become active participants and use strongly
their imagination, inquiry andreativity.

From the constructivist perspective, the building

2F GKS

o direct involvement of the subject;

e search, retrieve and selection of relevant
information;

e critical analysis of the informatioq from
wherever it comes

e reformulation, analysis and comparison;

e classification, evaluation and hypotheses
formulation (for which evidence needs to
be gained and subject to testing);

e experimentation, concluding and general
zation;

e customization of the working methods;

e devisingaction strategies (problem solving,
decision making) adapted to their self
training and personalities.

The IBSE methodology offers an internal fléxibi
ity that allows the student to balance the lear
ing experience in different science disciplines,
but alko to integrate into this, technological,
economic, political, environmental and social
issues. In this respect, tHeROFILESEducation
through Sciencesaining programme raised the

(i gtefnmain@s b@eis dayfieiDut Wit 60NUrs
& 0 dzR S y'tiod 85 sciéree/téakhiers stgtey Relz@itiysset N2 Y

importanceof implementing the IBSE apprdac

es, with the declared aim2t | R@F y OS & i dzR S
understanding of scientific concepts and-e

hancement of scientific literacy.

Reflection

In Romania, the first edition of th€ROFILES
BEdbidatir® kthibugl? BciencdSRP tamilkg ok O

YR

sions, with 32 finalizing the activities and il
menting their new designed PROFILES modules in
the classrooms. In the end, more than 1000 pupils
were involved in the implementation process.

From analyzing theuicomes of the impleme-
tations ¢ taking atrans-disciplinary integrated
approachperspective, important facts and ne
siderations emerge, presented here lik&&OT
analysis résumé

Strengths
e allows students to express themselvesl{va

aGdzRSy Gaw {y2eéf SR IoBzing d a mQifdbve $h& padagdgical

value of thetransthemeg;

¢ maximizes the possibility for each student
to learn at his/her own pace and to be dva
uated on performances;

e gives students the opportunity to fully man
fest their capacity in the areas in which they
aremost capable;

e places the students in the centre of the-a
tion, enabling them a main active role im-o
der to: imagine, build mentally, investigate,
explore, create, put into practice, find
means and resources to translate what they
have prefigured;

o fosterscooperation and not competition;

e involves students in an authentic situation
to solve a specific task, having a reak-pu
pose or meaning.

Weaknesses

o difficult communication within the group
in some cases (due to shyness, superficial
understanding of spealized terms, lack of
scientific knowledge);



o lack of similar experiences;
e improper use of some concepts;
e lack of a reflective debate.

Opportunities

e existence of EU funded programmesin
partnership together with local / regional /
national / European adcational actors;

e integration of new technologies in the act
al education process;

e access to the specific information that-i
creases the level of reflectivity and critical
distance from the problems met by theca
tual society;

Threats

e emergence of a recomtl motivation crisis
due to the erosion of the traditional values
system;

e increase of the social environment comgple
ity (excessive administrative tasks for thac
ers) with clear effects on the reduction of
teaching and research quality;

e continuity of the pdicy that subfinance the
educational system;

e unstable legislation.

Conclusion

As enhanced scientific literacy represents an
important element that allows citizens to play
an active role in the society, science teachers
have the responsibility to promotewithin su-
dents, the scientific knowledge and the related
educational skills not only in order to unde
stand the natural world, but also for reasoning,
solving problems and taking decisions. In this
respect, the tranglisciplinary approach pr
posed by implementing PROFILES modules, has
proved to be an important step forward for
RSGSt 2Ly addRSyGaQ
seltreflection, their sociescientific awareness
and above all, their ability to think critically.

A0OASYUATAO
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2.27 Considerations Related to the PROFILES Module: “What Are the Uses of

Nuclear Power? How Does Nuclear Energy Affect our Environment?”

Carmen Antonescqa . | f | al
lege ¢ N NH 2 Bbmania S

5t Zd- Yy I problenNJStructured Academic Controversy,

2003; 2012 In this sense, students consider

Gabriel Gorghiy Valahia Universitg N NH 2 @ A odlteéSnative perspectives anengage in a shared

Romania

Introduction

Science education involves knowledge adguis
tion on important scientific issues, as well as its
content, research methods, applications and
shortcomings. In thsi respect, it is essential to
SYKIFyOS atdRRSydaqQ
ing teaching strategies through which students
can critically discuss contemporary scientific
achievements and their implications.

However, scientific literacy characteristicsea
not taught directly, but are embedded in a lived
curriculum, where students are engaged invsol
ing problems, undertaking investigations, deve
oping projects, or experimenting in dedicated
laboratories Hurd, 1998.

PROFILES promotdise professional desiop-
ment of teachers on four specific leveleacher

as learneyrteacher as effective teacheeacher

as reflective practitionerteacher as leaderg
(The PROFILES Project, 2011), so as tae4impl
ment IBSEand other approaches, with a view

decisionmaking process.

Content

One objective of the module is to evaluate the
uses of nuclear energy and to assess its impact
on the environment in general, through a socio
scientificrole playing and decisiemaking sce-

am A Sy aAoF thragh twhidh Stiien &ondudle VRS &S f 2

er building a nuclear power plant near their
town is beneficial for the community, or not.

In this respect, the process of investigation i
g2t @S a
i S Seadd of them being composed of: ysh
cist, doctor, biologist, historian, mayor. The
committee is tasked with deciding on the ashvi
ability of building a nuclear power plant, taking
into account the need for a considerable foreign
investment.

Each student must edit a report related to the
effects of the nuclear power plant on the env
ronment, emphasizing advantages and disa
vantages by answering specific questions:

e Doctor¢ How will the presence of thewn

to advance stRSy 14 Q dzy RSNA (I y RA ycRar goWer gla@tinfugnice\tiie he@lth of-ci

concepts, as a result of the PROFILES Qpntin
ous Professional Development programme. To
facilitate this, a teaching module was designed
and implementedO | f W8aR areithe Uses of
Nuclear Power? How Does Nuclear EneffégcA
our Environment?

Having IBSE as a main component, the specific
ty of the module is given by the use of tBéruc-
tured Academic Controvers§sA¢ method a
type of cooperative learning strategy in whieh
through a sequence of scaffolded stepsméll
teams of students learn about a controversial
issue from multiple perspectives and increase
their understanding of a community (shared)

o Inquiry-baseal science education

izens? What are its effects in the longiron
the population?

e Biologist¢ What is the impact of the use of
nuclear energy on plants and animals? What
criteria should be adopted to avoid a serious
imbalance of the environment?

e Physiciang What are the processes by
which nuclear power is produced® what
way will all the necessary measures b&-ta
en for the safely operation of the power
plant?

e Historian¢ What positive and negative oe
sequences of the use of nuclear energy have
been recorded?

a 0 dzR S yidcigion oy F 2 NV A y |



e Mayor ¢ What would the existence of a
power plant meandr the local community?
What advantages and disadvantages would
this include?

The designed activities for students involve:

e Analyzing recommended information réla
ed to the proposed questions;

e Retrieving specific information from indiea
ed websites;

e Praducing an individual report which ne
tains the assumed decision and its justfic
tion;

e Group decisiortaking in a specific session
on whether to build or not to build the ux
clear power plant near the city;

e Identifying the possible impact of nuclear
energyon human health, the environment
and on society, in general;

e Discussing on the right to work, to have a
healthy environment, to start an economic
activity, to live in a democratic society;

e Analyzing the pros and cons concerning the
building of the nucleapower plant near the
city;

e Analyzing the solutions given by certain
countries for the same problem;

e Presenting the consensus class decision.

The decision is taken in the last lesson of the
module, under the form of a deliberation. Each
group representatie accompanies the justifie
tion of decision by a final product (poster,lco
lage, drawings).

At the end of the lesson, the students are asked
to fill in an assessment form proposed by the
teacher.

Reflection
The module activitiesg implemented at the
eighth grade levéf ¢ made an important impact

°The Romanian curricula fol'§rade (Physics,
Chemistry, Biology, Maths @ivical Education) pf
videsenough information to students and thus &n
bles them to fulfill the challenging tasks this module
demands.

on students. In this sense, a series of strong

points can be emphasized:

e using their real life perception and own life
experience as children/ teenagers (espécia
ly linked to their reading or movies);

e acquisiion of necessary skills and capacities
in their new quality: as active responsible
citizens;

¢ maximizing the level of their involvement in
the proposed scenario;

e Dbeing eager to express their own opinions
related to civic issues and to present their
findings within group and to the whole
class;

e being capable of gaining a deeper unde
standing of the current sociscientific -
sues;

e good communication between teacher and
students.

But beyond the gains, it is important to mention
that several students commmicated with diff-
culty inside their groups (shyness, lack of cie
tific knowledge, superficial approach for some
proposed problems). An explanation coule-r
side in the fact that the presented concepts
seem to be difficult to be understood byust
dents agedetween 1415 years old.

| 26 SOSNE

encouraging. They expressed a higher interest in

the activities and stated clearly that theyne
joyed the proposed way of conducting thesle
sons. Here are some remarks related to their
feedback:

e Real and actual issues have been discussed,;

e They had the opportunity to work in groups
and better know their colleges;

e They were able to express their own opinion
on certain issues;

e They had the possibility to communicate
without fear with their olleagues, and also
with their teacher;

e They were able to argument their own
opinions, as well as listening patiently to
others;

aidzRSyiaQ FSSRol O



e They voted on the final decision, within
their own group;

e They have compiled documents themselves
and found out things that dterwise they
would not be expected to know.

On the other hand, the proposed approach o

fers clear advantages:

e AYONBIFIASR atdzRSyGaq
well as principles of democracy;

e drew on theory and related documentation
which could be accesddrom manuals;

e identified ways to express an idea and just
fy a point of view;

e empowered the students to work in groups;

e RS@PSt 2LISR & GcdeRtiBo/ skilisQ
abilities and knowledge;

e A0AYdzZ I SR aldzRSyaaqQ
confidence to deepertheir understanding
of the current social issues.

Conclusion

The proposed module has sought to develop the
knowledge, skills and attitudes of the students
involved in the process of taking a decision
whether building a nuclear power plant near
their town is beneficial or not for the commun
ty. They were asked teffectively participate in
the discussions, through direct exchanginfy o
ideas and experience, haviagn this sense; a
clear picture of thedemocracy in actionAll the

Teaching Background.Structured Academic
Controversy: What Should We Do?
(2003) Retieved from:
http://iwww.nwabr.org / education/pdfs/
PRIMER/PrimerPieces/SAC.pdf
(31.052012)

The PROFILES Project (2011). Professiaal R
flection-Oriented Focus m Inquirybased
Learning and Education through Science.

Ay G SRegigvgd Argm: SRtogmeay-pioties-q,8 5

project.eu (31.052012)
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scientific point of view, and second, from the
social perspective, contributing to the formation
of young people as unique individuals, able to
discern and to take responsible decisions.
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2.28 Slovenian Reflection on the First Year of the PROFILES Project
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Wissiak Grng University of Ljubljangslovenia Content

In the 2011/12 school year, 41 teachers (35
Introduction from primary school and 6 from secondary
The PROFILES project is afpear Framework school) were invited to participate in the project
Program 7 (FP7) project funded by taropean in the first round. The national PROFILES group
Commission. The PROFILESject promotes organised a Prefsional Development &r

IBSE (Inquirpased Science Education) through ~ gramme that was designed to meet the criteria
NI A&dAYy3 &OA Seficiey an8 O K S Naki tie PRGHILES philosophy (Béltélolbrook,

moting a better understanding of changadvo- 2012; Hofstein & Mamlolaaman, 2012); all of

cated in teaching science in schools and the the national material for this course is available

value of stakeholdenetworking. Initially, P&- in Slovenianon 1 KS y I GA 2yl fite LINR2SO
FILES involved the development of teachers on (e.g., Presentation of the PROFILES Project; |

three fronts ¢ teacher as learner, as teachand quiry-based Science Education What is the

as reflective practitioner andtventually, in a Meaning?; PARSEL Modules; PROFILES Modules;

fourth front, teacher as leader (Hofstein & Science Literacy and Pseudoscience; Portfolio
Mamlok-Naaman, 2012); consolidating thei and Evaluation of the PROFILES Method; Action
ownership of the contexted approach andnk Research¢ An Important F QG 2NJ Ay ¢S OK

corporating usdnspired research, evaluative Professional Development; Motivation foriSc
methods andeachernetworking. The PROFILES  ence Learning, etc). The materials have been
project focugs2y A (0 dzRSy (a Q i-Y2 ( Maddlopedl AgCording Ml thé Gata provided by
ence learning, both in terms of intrinsic mativ the teachers in the Needs for Professiona-D
tion (relevance, meanirfglness, as assessed by  velopment Questionnaireimplemented online
the students) and extrinsic motivation (teacher at the beginniig of the 2011/12 school year.

encouragement and reinforcement) andt-a Teachers formed groups according to the level
tempts to make school scienaducationmore of education (primary and secondary) and-a

meaningful (Devetakteal., 2011; Bolte et al., cording to the subjects they teach (biology,
2011;Bolte & Holbrook, 2012). chemistry or physics). A consultant (a member

After the first yearof PROFILES experience, we of the national PROFILES team) was assigned to
can conclude that, among Slovenian science each group of teachers and each group selected
teachers involved in the project, the IBSE a its leading teacher. Each consultant was im-co
proach has been well accepted; teachers report  stant contact with the leading teacher, who
that it presents a positive challenge for them as  then disseminated important information to the
well as for the students. However, theaee also other teachers in the group. Each teacher also
some shortcomings detected, which must be  had to recruit at leasbne teacher for the &
reflected on and elaborated before the second  cond round of professional development in the

year PROFILES round implementation. 2012/13 school year, or to provide us with at
least three email addresses of potential tehe

Goals ers for that round.

The main purpose of the presentation is tosHu In the first round, we invited teachers to six

trate the Slovenian PROFILES project and to faceto-face seminars, andn the periods -
tween meetings consultants were in constant



contact with the group leader viamail (in one
group a Moodle environment was created for
easier communication).

2 AGK (KS O2yadzZ GFydaqQ
each group developed three PROES modules
according to the PROFILES philosophyn{Ra
nikmae & Holbrook, 2012), with elements of
GALC science learning (Devetak et al., 2011;
Kolbl& Devetak, 2012) and meeting the aims of
the specific national curriculum. In all groups of
teachers, two orthree modules (% school Is-
sons each) were applied in the school enmiro
ment. The MoLE questionnaire (Bo&eStreller,
2011) was used at the beginning and end of
each module application. Data from these gue
tionnaires were electronically gathered to av

dz 6 S addzRSydaQ
for learning science, and pappencil pre
knowledge and posknowledge tests were used
to evaluate student knowledge achievements.

Reflection
The main tool forfollowing professional devie
opment and refection on PROFILES application
in the school environmerk & (1 K S
FT2f{A2 OWIdNNAOS@OAG Si
already been submitted by teachers, with the
remaining 6 expected by the end of August. In
their portfolios, teachers expressed their views
and concerns, as well as their positive exper
ences with the develoment and application of
the modulesThe portfolio serves two purposes:
1. procedural, in order to develop the science
teachersYeflection, encourage their profe
sional development and their setbncept,
as well as to improve the quality of learning
and teaching, and
2. evaluative, thus being a tool for science
teachers to present their pedagogicalnge
petences and knowledge of the new prefe
sional experiences related to the project
goals through the process of actiore-r
search, following the main principles the
PROFILES approach.
From followup monitoring and partial evaa
tion of the portfolioswe can conclude that the

Jpdefdlids fdrdnast ofithetachizrS BeSidesS Seh

portfolio played a vital role in the first year of

the project andperformed its functiorrelatively

well, despite being their first expence with

Ay
eral identified benefits (e.g., enhancement of

the reflective teaching approach, sensitivity to
aidzRSyiaQ tSINYyAy3a nySSRa
crease in the use of metzognitive strategies),

we alsoobserved some problems (e.g., difficu

ties expressed directly by the teachers witi r

gard to time management, thinking effort and
professional seltoncept). Onthe other hand,

certain issues were perceived that arise implici

ly from the performed evaluabn ¢ teachers
involved in the project had a very different
knowledge of research theory and the psytho

GG A G dzR Sdgy of {edning &nd Sachird). NeverthélesB oni A 2 v

the basis of our firsyear PROFILES experience
with the portfolio, it should beemphasizedhat

the teachers did care about thequality of the
teaching processalthough they should not be
left unsupported.

Teachers expressed some concerns regarding
the application of questionnaires and

015 I OKKddwledge ted@sNds well as about data gathe
I £ dnp, datan analySig and thergeeftation KfAeO K

sults. They also lacked experience in developing
educational materials (PROFILES modulels) fo
lowing sociescientific issues, IBSE and decision
making problersolving. Teachers expressed
their views and concerns, as well as their ipos
tive experiences with the development of rde
ules and their application in schools. Their main
concerns were that they had to do extra work to
develop the modules and knowledge tests, to
analyse the data from knowledge tests and to
prepare the portfolio. They poted out that
some of them had to spend 30% of all of the
lessons per school year per class on implemen
ing the PROFILES modules, and that there is no
payment provided for their participation and for
making copies of the modules, knowledge tests
and questnnaires. We managed to reduce
school costs by applying the MoLE questionnaire
online.

Kl @€



Outlook

Experiences from the first year of the PROFILES
project will be used in the second round of the
project. Teachers involved in the second round
will develop thér own modules or adapt the
modules developed in the first round. They will
implement the modules differently than in the
first round, where students were learning qwo
eratively in groups of four. In the second round,

teachers will be free to use the PROES md-

ules as in the first round, or to adapt them as
additional material for their teaching. Some

teachers from the first round will join thees

cond round and assist members of the national
PROFILES group in the professional develo

ment programme in thesecond round.
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2.29 Experiences of a Group of Slovenian Teachers in the Development and
Implementation of PROFILES Modules

I ND | N& LogDya§ainerPrimary School contextled, IBSHocused, science teachingam
Slovenia terials, guided by lonterm teacher professional
Polona Petrica Ponikvar~ Y I NIiy 2 LJ2 R deYdbphyh2 (CPD)The CPD focused on ntee
goroPrimary SchogBlovenia ing challenges identified by participating téac
{ dzI I y I ¢{ i RRiilidky&chopBlovenia ers, in order to raise their skills in developing
Dominika Mesojedea; SostroPrimary School creative, scientific problersolving and socio
Slovenia scientific related learning environments. These
Vesna Ferk SavecUniversity of Ljubljana, &l learning environments end OS aidndzZRSy (1 &4 Q
venia trinsic motivation to learn education through

science and enhance competencies in underta
Introduction ing scientific inquiry and sockxientific deé
Numerous activities, based on the PROFILES sionmaking. Measures of success are dete
(Professional Reflectie@riented Focus onnt mined by
quiry-based Learning and Education through (a) the selfefficacy of science teachers irm-i
Scierce) philosophy, are currently being irepl plementing the PROFILES approach, and
mented in Slovenia (PROFILES in Slovenia, (b) the attitudinal gains by stlents towards
2010). The present article focuses solely on the learning science(PROFILES Consortium,
experiences of one group of Slovenian chemistry 2010; Bolte et a) 2011).

teachers (the authors) from the viewpoint of t whCL[ 9{ S@ltdzZ A2y i-F20dza$S
0 KSANJ LIJzLJIA f anfistryXclagsy Ay (0 #/& andJaf@éti& learning, as well as on the
PROFILES is one of several Europeatiurdéd teaching metlods, approaches and materials
LINEP2SOGa Ay GKS FASER 2ufed withio PROFIDES ifteyventiol @Is@hsl B¢ | y |
aims, in a unique way, to promote IBSE through means of PROFILES evaluation, the intention is

raising the selefficacy of science teachers to to indicate where improvement is justified and

take ownership of more motivational, student where additional efforts are necessary tm-i
relevant ways of teaching, while supportive of prove IBSE in order to meet stakeholdeshés,
aA0F1SK2ft RSNAQ OASgaod as well as teacher and student needs (Bolte et

¢KS twhCL[9{ LNR2SOi# Aaia,@1B.SR 2y WiSIF OKSNJ LI NJ
YSNBKALAQTI AYLX SYSy Ay Dne §dprbachitd PROEILESSpEofect évaluata® is
designed as a prpostinterventionand

’”"““‘““"""“"“““““"* controlgroup study. Before the start of the
intervention phase of the CPD, data is collected
e i from the g NI AOA LI GAy3 GSIF OKSNA
’\‘l' SE SEGREJE ALI OHLADI? test; intervention group) and from classes of

teachers who are not participating in the ®R
FILES CPD programme (control group). At the
Serbars St (QUARARREESILITELL. Poons Pacs Posikar end of the school term, both groups are retes
ed with the same instruments (postst; in the
30, e intervention group and the control group sla
o Suina (20111 cmmoviprport ses) (Bolte, 2006; Streller, 2009; Bdi&treller,
2011).
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Figure 1. Front page of Module @Will it Cool Down
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Goals Duration: 4 lessons (2 lessons experimental

Within the framework of the PROFILES project,ta ¢ 2 NJ 2 H f Saaz2ya Lldzanthf aQ g2
group of four chemistry teachers, in collaber educational materials).

tion with the PROFILES team at the Ursitg of

Ljubljana, developed three PROFILES modules Module 2¢ Indicatorsg¢ Chemical Detectives

(from October 2011 to July 2012). The modules  Topic: Acids, Bases and Salts of the National

covered the following topics within the National Curriculum.

/ dzZNNR Odzf dzYY a2 At f Ad / Dadtion:542 Esfons2 (®Jless@hbk @xperirhdKtal
OG2LIAOY / KSYAOIf -@h8n-OGA@YHDPET aLYRBRARYANHIZLIALT 4Q 47
OF t 5 S (il AcidS Bases and Salts)  educational materials).

YR G2K2 2Aya Ay GKS [/ KSYAOL [ F 02N G2NEBKE

(topic: Acids, Bases and Salts). The first two Researh results

modules have been implemented in school Research results are presented with regard to

practice as a prpostintervention-and-control the posed research questions.
group study. 1% research questionWill pupils attain better
The following research questiomgere posed: achievements in chemistry by learning with the
1. Will pupils attain better achievements in use of PROFILES modules in comparison to the
chemistry by learning with the use of ®R traditional teaching approach
FILES modules in comparison to the trad After Module 1, there was no significant diffe
tional teaching approach? ence in scores for the control group (M = 14.20,
2. Bylearning with the use of PROFILESdmo SD = 4.87) and the intervention group (M =
ules in comparison to the traditional telac 15.54, SD = 4.88); t (171) = 1.8033 0.005.
ing approacE K2 ¢ R2 LJdzLJA f & OHowe@K Aafeddoduley?2( a significant diffe
in chemistry change as they get more exp ence in scores was ohsed between the cp-
rience with the PROFILES approach? trol group (M = 11.05, SD = 3.67) and the linte
vention group (M = 13.68, SD = 4.05); t (168) =
Sample 4.448, p < 0.005.
Partidpating in PROFILES were 171 @ade 2" research questionBy learning with the use
Slovenian primary school pupils (13 years). of PROFILES modules in comparison to the-trad

¢CKS LlzLJAf aQ &adz00Saa (K NahazRdéachiogK §oproachR tif SBR2 & HLIdzLIA £ & ¢
monitored using a préest and posttest proto-

col with control groups (traditional teaching e

approach) and intervention groups (learning ® ® @O

using PROFILES modules), whereby 88 pupils

participated in the control group and 85 in the oSN OA/IagE S N e I A S St S Y o

intervention group. Soaps
-SRI NNEE
-
EiEFEERNEEES

P LEITVICA

Content
The following modules were developed and
tested in school practice so far:

Module 1¢ Will it Cool Down or Heat Up?
Topic: Chemical Reactions of the NationalrCu
riculum.

FVTRALNO QRO AN

CA3dzNBE H P { SOl ndichtors KReM:
cal Detectives



achievements in chemistry change as they get
more experience with the PROFILES approach?
The results (presented in the"tesearch qus-
tion) indicate that pupils needed some time to
get used to the PROFILES approach, which then
¢ in the 2 module ¢ contributed to their better
achievements in chemistry.

Reflection

Preliminary results indicate that there were
significant differences in achievements in ohe
istry between the control and intervention
groups of pupils after the completion of Moku

2, whereas significant differences were ndi-o
served after Module 1The results indicate that
the pupils needed some time to adjust to the
PROFILES approach, which then eventualty co
tributed to their better achievements in chemii
try. However, most prbably the LJdzLJhetter Q
I OKAS@SYSyia o6SNB | faz

adaption to the PROFILES approach, as has been

reported in their reflections.

Outlook

Due to time constraints at the end of the
2011/12 school year, teachers will only be able
to implement the 3° module with the same
group of pupils in September 2012. It will be
interesting to see whether the trend ofmk
LINEGSYSyid Ay GKS
1% to the 2 Module continues in the "8 Mod-
ule and to get final results about corrélans
with MOLE questionnaire.
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2.30 Extending Inquiry-based Science Education to Teacher Training through the
PROFILES Project: An Experience

Marcia Eugenio, Elena Charro and Angela facilitate student comprehension of the tens®n

GdémezNifo¢ University of Valladolid, Spain occurring between science, technology, society
and the environment, and to treat socio
Introduction environmental conflicts in class.

The novel experience of applying PARSRE
teachinglearning materials with students of the The inquirybased strategy promoted by this
Degree in Teacher Training (Primary Education, module constitutes the central axis of the Bur
grades 18) of the School of Education at the pean project. PROFILES, which aims aingi
University of Valladolid (Spain) is presented the selfefficacy of science teachers to take
here. In particular, a module developed bylGa ownership of more effective ways of teaching
vao et al. (2006), involving an analysis of sew students. Importantly, PROFILES seeks tormea
paper/magazine news about soesgientific ingfully raise teacher skills in developing are
issues was conducted in ghcontext of the tive, scientific problensolving and socio
O2YLJzZt a2NE &adzoaSOi 4/ dzNHNigndfiddetisiimakiSo@Silitie? instRights. 2 F
QELISNARYSy Gl f { OASyO0Saé¢xs YR AYy LI NIAOdzZ I NE Ay I
part devoted to Science, Technology, and &aoci Overview of the Module
ty (STS). The use of such modules allowed us to The implementation of the module consisted of
follow an inquirybased strategy in science ed gathering news related to science, technology,
cation under the PROFILES project. society, and the environment by the professor,
who afterwards handed them to students. News
The convenience of approaching science educ was selected in such way that a variety of fo-

tion from an inquirybased strategy has been ics were treated, and that specific substantive
underlined by several studies (Nationalke-R knowledge on science and technology was d

search Council, 2000), which adduce that both  veloped, together with content relating it to the

the level of interest (intrinsic motivation) dn society and the environment. Students worked

the achievements of students are enhanced, as in small groups consisting in 2 or 3 peopled

Sttt Fa GSFEOKSNRBRQ Y2iA @hdl diysseds ang fetedi@ 2ajoundSdine d f &>
2008; Ainley et al., 2011). Moreover, somg- a pect in the news, to finally expose and discuss
thors consider that such shift must be extended its basic content and their reflection on the

to University teachers in charge of training- f news to the rest of their classmates. Moreover,

ture teachers: the professor took advantage of the substantive

knowledge raised Y ever newspaper/magazine

It does not make any sense to recommend, insisten to review or further develop content included in
ly to primary and secondary teachers, to introduce the curricula of the subjectd / dzNINJ Oldzf I NJ R &
OA

orientations based on inquiry and to allow the itn 2LIVSyd 2F 9 ELISNRAYS vkt |
versity to continue practicing the chalk dalk with

the future teachergVilches & Giberez, 2007). The module was designed for the students to

improve the following competences:

Objectives of the Module 1 devel t of submntive knowled
¢ KS Y 2MARalysisSof Newspaper and nmag - CeVEIOpMENE OF SUBRNTVE Knowledge,
. 2. .developmen of epistemological knowledge,

zine news about socicientific issugs o0 DI f @51 Zd | t of _
et al., 2006) is based on the spread of pulic - development of reasoning compEnces,

. . . . 4. development of communication cone
tions dealing with science and technology to P P
tences, and



5. construction of a reflexive and critical att
tude in relation to the ethic and moral ne
sequences of the scieifit and technolog
cal development.

In advance, students were given the criteria that

would be later used to assess their performance

in such competences, which included: correct
use of the concept, STESrelations, comprelre
sion, information selection, ritical analysis,
conclusion quality, and presentation and diseu
sion of the conclusions.

¢KS LI AOFGA2Y 27
newspaper/magazine news about socio
AOASYOGATAO A&aadzsSaé¢ 1ol a
lowed the development of the above
mentioned competences, and moreover gr
Y2U0SR | @SNEB ayl GdzNT £ €
curricular content. Notably, the construction of

a reflexive and critical attitude in relation to the
ethic and moral consequences of the scientific
and technological devepment was the comg-
tence worst evaluated overall. This fact supports
the need for developing activities in which this
competence is promoted also in University-st
dents.
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Training

Oscar AlvareZlena Charro and Angela Gémez
Nifilo¢ Valladolid, Spain

Introduction

While it istrue that the applicationof PARSEL
type (Bolte et al., 2009odulesis designed
primarily for studentsat secondary school level
the method based oninquiry sciencelearning

makes thempotential tools for use in other

educationalareas(Bolte et al., 2011)In this way
they have the potential togenerate new and
innovative learning processex all educational
levekunder the PRBILES project

Because of the neednd importance ofquality

training, one of the areaghat can benefit from
the use ofthese modulesis higher education.
Since theseactivitieshavegreattraining power,

the preparationof future teachers isspecific

ly, an idealarea for using PROFILES modules

(Kenny, 2010)

Therefore,this paperis apilot for possiblefu-
ture applications.This study is framed in the
activitiesdeveloped during théeachingpractic-
esfor the Degreeof ElementaryTeacherEdua-
tion, along withtraditional practices.

Description and development

The modulechosento use inthe classroonwas
¢Can Lake Water Be Made SaveK €It claimed
that from the beginning,students hadcleared
both, the objective andhe basic conceptthat
were to betreated.

Becauséhe studentsthat addressedhe activity
were college studentstimes were shortened
and the whole activity was performedduring 2
hours. This startedwith 4 groups of about20
students, working pairsso asto optimize the
available materits. In addition and becausef
the lack of someresources,forced changes
were introducel. For example additionally,

2.31 Adaptation of Teaching Modules, under PROFILES, as a Tool for Initial Teacher

maintaining the objective othe module and
stressng the importance of usingnquiry-based
teachinglearning strategies

Subsequentlythe correspondingevaluation of
the results was obtained through examining
& 0 dzR $obKsdetdrding the practical actiix
ties, in asmuch asthey reflected student leam-
ing.

Discussion

The ultimate objectivewas not only practical
development throughusing aninquiry teaching
method, thusgiving evidence dafs effectiveness
beyond learning in scondary education in

Spain for which the moduleswere initially de-

signed On the contrary our intention was to

use tis activityto introduce to studentswho

are preparingo become teachersso as to give
them tools for future educationalinnovationsin

the classroomwhile hoping thatin future they

can developactivities with their students to

follow aninquiry-basedlearningapproach

Along withenhandng learningof concepts like
water pollution purification of water, microor-
ganisms andenvironmental conservatignand
apart fromencouraging the use afew technd-
ogiesand critical thinkingof students(Skamp
1989), the modules gave an opportunity for the
students to reflect on pedagogical aspects tela
ed to the teacher as teacher in the classroom
situation and the role of the teacher in stimtia
ing a motivation& learning environment that
LINEY2(iSa WSRdAzOlF GAZ2Y
Finally another important aspecthat was n-
tended to be achievel is the approachwhich
future teacherscan use inthe laboratory be-
causeof the limited background from lack of
handlingtheir own investigations andealising

i KNP dz3 |

collaborative working as a team, presentations
of their work and opportunities to reflect on
standardsobtained(Mclintyre et al, 1996)

boiling water was also suggested to students as
a way to purifyThe activity was undertaken



From reflections onthe adaptation ofPARSEL
modules and evermore so,the desgn of more
specific modulegor use inthe frame of aEuio-
pean Higher EducatiorArea PROFILES has the
potential to offerreal innovationfor the training

of students not solelydirectly related to scie-
tific topics

To determine the impact of PROFILESte
motivation of students during the invention
programme, the MoLE questionnaire wasd-a
ministered to students. The MoLE questio
naires, in its different versions (such as the-R
AL:-Version to assess the students perceptions in
general and the IDEALerson to analyze the
students expectations how they wish theiri-sc
ence lessons should be), allowed evaluate of
their perception of the specific contenta-i
volved in this part of the biology science.
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2.32 Improving Teaching and Learning of Science: A Spanish Delphi Study within

PROFILES

Susana Plaza, Elena Charro and Angelmezo
Nifio¢ University of Valladolid, Spain

Introduction

Many authors agree on the importance ah-
proving and enhancing science literacy in society
in general and ma particularly for high school
students. However, it is difficult to disentangle
those aspects which fail in educational practice
and components considered as good cultural
science education. So the question aris@gat

are the main reasons why studentsgsh to pu-
sue deeper studies in science subjects in high
school? And are these considered a matter of
highest priority over others in the development
of the teachingearning process? PISA tests
(Program for International Student Assessment)
examined theperformance of students in key
subject areas and also studied a wide range of
educational outomes, among which were: the
students' motivation to learn, conceptions they
have about themselves and their learning $tra
egies (Fensham, 2009). This report higitk the
poor performance of Spanish students ini-sc
ence, and it seems that there is reason te-b
lieve that these are factors that influence the
learning of science (Bybee et al., 2009).

Under this scenario arises the FP7, European
project PROFILES. Tisisa cooperative network
project consists of 21 institutions from 19 gqou
tries, including the University of Valladolid,
Spain. This project, among other objectives,
seeks to get to determine what aspects would
be most relevant and desirable for the rfo
mation of the individual (Smith & Simpson,
1995) in the current and future society, in the
field of science education. This analysis is ca
ried out through a Delphi study (Bolte, 2008;
Osborne et al., 2003).

Methodology
The methodology used in this studyassurvey
undertaken in various stages with a sample of

stakeholders through the Delphi technique.
Therefore, the use of this tedlique for studies

in educational research will be useful and novel
(Osborne et al., 2003).

The first step in the study was aanalysis
diagnosis, to disclose, within the teaching of the
sciences, which aspects might be most relevant.
The collection of data for researchas condut

ed via a questiomaire to the various stakehai
ers: students, high school teachers, university
faculty and teacher educators, scientists and
researchers and educational policy makers. In
the first round, open questions about general
aspects were presented to participants. The
most valued set of items provided a second
survey to establish what would be witerest at
the practical level, and in a more theoretical
level or priority, defined as those concepts that
are relevant for the individual to develop me
petencies and skills in today's society. TH& 2
round questionnaires were structured based on
severd categories, each one with a list of rela
ed items. In the seond round answers to, the
quesiA2yY WgKeé Aad Al AYLRNIL
A0ASYyOSKQ ¢gSNB a2t AOAGSRO®
motivation. The second category cosgonds to
concepts that should be taht and learned,
while the third category was made up of items
related to the different scientific fields. The
fourth category looked for required abilities and
skills that the student should achieve in order to
get a scientific culture, allowing them tamici-
pate in a highly scientific and technologicalisoc
ety. And finally, strategies were asked which
would be most appropriate for teaching and
learning in science.

Results of the Delphi Study in Spain

For motivation (first category) in the study of
science, the greatest interest was in the overall
individual intellectual development by all groups
of stakeholders consulted. With respect tonco
cepts (second categy), energy and the emv



ronment were very generally referred to by
teachers as well as sciests. In the scientific
fields (third category) teachers of both groups
highlighted human biology and earth sciences.
Furthermore, the skills (fourth category) most
valued by students and teachers were critical
thinking, reasoning and the ability to analyze
and draw conclusions, along with comprehe
sion. In terms of teaching and learning st&rat
gies (ffth category), science inquifyased lean-
ing was highlighted the most by the group of
scientists

Conclusions

In most cases, the categories were stent
with those established in previous Delphi dtu
ies for science education (Bolte, 2008). These
refer to the guidelines and teaching of aspects
of modern science, as authors have pointed out
in the teaching literature (Bybee et al., 2009;
Fensham, 2009). In vieof the results, the De

phi study is presented as a good tool for lear
ing about key aspects that may be improved in
science education. The Delphi process allows
individual responders a considerable degree of
freedom in the expression of views on a topic,
often offering researchers an opportunity to
explore their consciousness. The Delphihtec
nique is an interesting approach halfwage-b
tween a qualitative and quantitative methotlo

ogy.

Prospects

The main difficulty for undertaking the study
was to find, stdents, teachers, faculty and pol
cy makers willing to answer the questionnaires,
because of its length.

View of Science Teachers

The rigidity of the Spanish curriculum in sedon
ary schools complicates the task of teaching
Some science teachers expressesy similar
opinions: for example, on the importance of
teachers being flexible and dynamic professio
als in order to meet the new generations of
young people who go through the system in the

context of a school that assimilates the changing
circumstance in a slow, but progressive way.
This means they valued teachers being prepared
for their teaching duties and facing the dha
lenges of today's society. Although teacher
training is conceived as an indispensab& r
quirement, concrete progress in lifelongam-

ing has been scarce. Assured of competences
that will be required over their careers, teachers
can increase their sedsteem and restore their
professional identity. Similarly, ipmoving teir
knowledge and skills to adess the difficulties

of learnihng can reduce the failure and neglect of
students.
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2.33 Designing an IBSE Module: A Task for Pre-service Teacher Training

Yolanda Padilla, Alfonso Gagddjriam Roldan, Objectives ofthe IBSE Module

César Urdiales€lena Charro and Angela Gomez PROFILES promotes IBSBrough raising the

Nifio¢ Universty of Valladolid, Spain seltefficacy of science teachers to takevner-
ship of more effective ways of teachingust

Introduction dents, supported by stakeholders. Theposal

Several studies have shown the convenience of innovation is through workingg A 4 K Wi SI OKS
approaching science teaching from an inquiry LJF NIy SNA KA LJAa Q U Zxehplandt SY Sy
based method, because it increases students” contextled, IBSE focussed, science teaching

interest and attainment levels and stimulates =~ materials enhanced by inspiredieacher reé-

motivation for both students and tedners (N- vant, training and intervention programmes.

tional Academy of Sciences 1996). This change This is undertaken byeflection, interactions

in science teaching, from mainly deductive to  and seeking to meaningfully raise teacher skills
inquiry-based, inductive methods, appliesi-d in developing creative, scientificoroblem

rectly to teachers, key players in the science solving and socigcientific decisionmaking
G§SIFOKAY3 LINRPOS&ad selt (i Sabildies Sngudents| Bha measures glictess

efficacyand owneship in the implementation of are through
new methods of teaching and their motivation (a) determining the selefficacy of science
and collaborative reflection with other teachers teachers in developing sel$atisfying sa-
are essential elements for the success of any ence teaching methodsind
scientific education renewal (Rocard et al., (b) inthe attitudes of students toward this
2007). more studentinvolved approach.

The project focuse8 Y @& 2 LISY A yhl dzA NB |
Vilches and Gil (2007) considdrat change in S aas a major teaching target and maynuch
teaching training must be extended to Univiers attention to bothintrinsic and extrinsic motar
ty teachers in order to train future teachers: tion of students in the learning of science. The
At does not make any sense to recommend-co intended outcomeis school science teaching

sistently to primary and secondary teachers to becoming more meaningful, related to 2&en-
introduce orientations, based on inquiry and to  tury science andncorporating interdisciplinary
allow the University to continue practicing the socioscientifc issues and IBSElated teaching,
chalk and talk in the preparation of future  takingparticular note of gender factors.
teachersp ¢
Overview of the Module
In this work, we present an experience carried  In this work, we presnt a new module, deve
out with the Master of Secondary Teacherked oped bythe Master of Secondary Teacheruzd
cation students, future secondary teachers, in  cation students in support ofthe PROFILES
the subject of Didactiof Chemistry and Physics. ~ Spanish groupentited ¢ 2 A £ £ 2 dzNJ O2 | a i |
This preservice teacher training course gives be submerged because of Global Warming?
knowledge on the principles of PROFILES and Pre-service teachersvere asked to plan ann-
the PARSEL modules and finally, as a personal vestigation in orér to identifythe main reasons
task, students design a module following the  of the Globalwarming. The competencesnt
three stages model. To assess student aahiev volved were identified as investigative skills,
ment, a questionnaire is used (Padilla et al.,  manipulative skills, cooperativevorking skills,
2012).

1 Inquiry-based scienceducation



conceptial understanding, theagtical devd-
opment and application, experimentalror
analysis, and communication skillhe curric-
lum content is related to Chemistry, and inrpa
ticular to the study of the wate properties in
the solid state, density, hydrogen boimg, and
others. The module follows the PROFILES three
stage model. This module begins with a scenario
(Stage 1), where the teacher describes in a few
words global warming and presents to theust
dents the problem: What isthe probability of
losing our coadine if the sea level increas@sn
Stage 2, students have to resolvepeoposed
inquiry-based problemby utilizing a problem
solving activity. This activity consists of séarc
ing pertinent information that supports ai-
RSyiQa (1y2e¢fSR3AS
mental plan, in order to know more about the
water-ice mix properties. Lastly, at Stages3-(
cio-scientific decision makingFortus et al.,
2005, students relate data collected from their
seart and investigation (observations in the lab
and several calculations) in order to give an
informed opinion to theinitial question posed
(BondRobinson2005)

The training coursepositively influencd the
0SFOKSNEQ O2YLIS{iSyOs
mote |IBSErelated science teaching and hence
raised their selfefficacy to teach in an innav
tive ¢ more sudent centred, contexted IBSE
manner, as well as in valuing usespired e-
search ideaswithin this intended outcome, and
by means of theraining/ intervention, linked to
stakeholder support, a key targetas to cm-
vince teachers thathe methods they have sti+
ied and tried in thepre-servicetraining course
can and will strongly improve the quality of their
own scienceteaching (Michelsen & Lindner
2007). Furthemore, teacherswho participated

in the training programme course appreciatel
the need toconvince other teacher® interact
and seek support (e.g. colleagues in their
a0K22f ax
nating their newexperiences andhe PROFILES
IBSEmModules through informal and/or formal
teacherforums This can both be through adtiv

I Y R

2N FNBEY WyiSI Nb @

ties organized by the PROFILES consortium
partners or follow-up to the longitudinal tain-

ing programmes at aational and Europavide
level Bolte et &, 2009; 2011)
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2.34 Biodiversity and Education

Ruedi Kingg University of Applied Sciences,
Northwestern Switzerland

Value Discussion

Can we protect the dersity of habitats and
species by means dégal regulations? Do we
want to make sacrifices voluntarily in order to
grant the possibility of survival for other sp
cies? Are invasive species threatening or dmric
ing the native divesity of species? Each thiese
questions is part of a value discussion. But in
order for this discussion to make sense, the
parties involved need to know about specific-cir
cumstances and the arguments for or against
the matter in discussion. Inforation and know
how are essendl.

It is interesting for students to realize howobi
diversity functions in the background. Inco
spicuous grass growing on an erosion edge r
ducing erosion damage or a rather unprofitable
rice variety reducing the need for fungicides and
increasing the hvest if skillfully planted in a
mixed cultivation are topics that spark theust

R S v intar€st and help them form their own
opinions.

If teachers take the opportunity to not only
study speciessharing a habitat in the class
room, but also explore and doment them in
the course of excursions, this t@mes possible.

These ideas are taken on board by the PROFILES

project. The project recognizes the need to

;!, t_!u

Picture 1. Sweet herbs produce

river

Picture 2. Looking for inverte
brates to assess the health of a

aldAyYdzZ FdS
science in school and what better way than to
interrelate the science learning with the familiar
everyday surroundings of the students. In
PRAFLES, this is promoted through an initial
scenario, which is intended to stimulateust
dents to become involved in the inquibased
science learning that stems fro the scenario,
through asking and seeking solutions to seie
tific questions.

Concrete Examples in Practice

The following examples have been tested in the
classroom and have proven valuable at various
levels of education.

Sweet Herbs

Students begin takg an interest in botany and
the diversity of flora when they estéibh a pe-
sonal relationship with them. This becomes
possible when adolescents find out whichbsu
stances are hidden within various herbs and
shrubs. It is beneficial that one can get teese
substances easily and that it is possible to make
cosmetics, tea and ointments oneself. Cough
syrup can be made from the brew of ribwort
leaves, a perfume fronthe steam distilled s
sentialoil of lavender and it is possible to make
many ointments anails for medical complaints

Picture 3. Provided with tools for
maintaining a nature reserve

aidzRSyGaQ Y20A0!
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knowledge), conducting investigations as a team
(communication) and being able to comment on
the health of a river (evaluation), already cover
many of a biologp RdzOl G A2y Q&

Outdoor Missions

Students are eager to roll up their sleeves when
they learn of incidents where Mother Earth is in
RFEYy3aSN®» a2KIFaG OFy S
their first reaction and it shows their need to be
come activen these matters.

When it comes to global issues, their wismca
not be granted directly. Locally, hewer, things
can be done. Local envirorental organizations
must have projects in which the cooperation of
a group of stdents is welcome. This localre
mitment automatically raises awareness of
global issues.

Learning Environments outside the School
Excursions offer various possibilities to get
firsthand experience and to become aware of
the diversity of species and their h#dtis. The
possibilities arenumerous: the farmcloseby
which stillfosters high trunk trees anthus pio-
vides the habitat for many organisms or serves
wildlife consevation by having ecological buffer
areas; visiting a zoological garden, a museum or
a botanical garden which arel @roof of natin-

al and international efforts to pierve biodive-
sity.

Discussion
Biodiversity is the variety of life which can be
described at different levels: the divaty of
ecosystems, species and genes. What all
aforementioned examples have iommon is
that they raise awareness of functional bied
versity (the variety of inteelations within and
between the three levels). An awareness that
helps to identify connections, to develop arg
ments for the discussion mentioned above, to
process infomation and gain knovhow. For,
GSRdAzOF GA2Y Aa | ff¢
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Picture 4. Learing outside the
school: the zoo
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2.35 Bionics ¢ Teaching Ideas for Different Levels of Education

Ruedi Kingg University of Applied Sciences, dragup to 10 percent. These exyplessurprise

Northwestern Switzerland students and encourage them to dig deeper.
They are eason enough to engage in natdre
Introduction oriented learning and rediscoverin@ccording

Creativity is seen as an important learning area  to Hill (2003, in the framework of sciencedu-

within school science. This applies both to the cation.

students and the teacher. Manydmic ideas can In this papeyexamplesof teaching are presdn

be used to stimulate creative teaching which, if  ed which contain bionic aspects. They range

used as a stimulating scenario can have a strong from sequences, for easy imitatiaa longterm

motivational affect on studentg a key comp- projects and to independently formulatedn-

nent of the PROFILES project. These same ideas quiry-based investigationswhich can result

can be used to stimulate creative thinking by FNRBY G(GKS aidzRSyGaQ OdzNA23&A
students and in initiating scientific investg

tions, once students begin to ask the appriepr Concrete Examples for Implementation

ate scientific questions. The Art of Faling
Using a sheet of paper, the folding of the wings
Classic Examples of certaininsects or the artfully folded petals in
There are many fascinating examples fromnbio ' LXIFydiQa o6dzR OFy &S NBRA:
ic research and some of those have already e sive example of such an implementation is the
tered the curriculum: the versdd Velcro strip solar sail for a space statidny the physician

which was copied from the seed dispersal  Miuro, which unfolds easily after a pull.
mechanism of burs (Arctium lappa); the riblet

foil which is attached to airbuses to decrease  Folding Profiles

fuel consumption or to the swimsuits of ath The folding structure of the fan palm is also
letes (both are products inspired by shskin, highly impressive. The aim is to guaranteexma
or, more speifically, by the transverse grooves imum stability with minimum effort. The folding
of the shark scales); the washer drum (built  provides high carrying and bearing capacity. This

according to honegombs); the lotus blossom aspect is usg in many technical implemeat
with its selfcleaning surface; or the bulbous tions, for example in corrugated roofs. Students
bow of seagoing vessels which decreasesve can reconstruct and understand this in an expe

iment by comparingbridgesmadeusinga W 12
SRQ | yoRledgheef of paper and loading
eachwith weights.

PET Bottle Raft

The inflated structures of the bladder wracks

(eg. Fucus esiculosus) give the ganismcon-

siderable uplift in the ocean. In the course of the

LINE 2SO0 a[ SNYySy Y tNB2S{i
LINE 2 S O (i"t ghade Fs@udizNg cdilected the

material necessary tbuild a PET bottle raft.

Picture 1. Wshed up bladder wracks
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Picture 2 PET Bottle Raft

The uplift of the 300 bottles which were
screwed onto a boardnade it possible for the
person to cross a river without getting weti-D
rectly experiencing the uplift ceded awe and
curiosity among the stlents. They were esg-
cially fascinated by the fact that only one rihi
of the PET bottle raft sank into the waternU
derstanding thephysical processes becanmma-i
portant for them and they voluntarily made it
the topic of a discussion

Hot-air Balloon

Once broken off from thestem, the petals of
the dandelion (Taraxacum officinalis) ctmavel
long distances.

A hotair balloon built from soft tissue can make
it possible to feel the lightness of flying. When
experimentally implementing the lightweight
construction it is easy tanotivate the students

to find solutions by themselves: either when
planning the pattern of the twalimensional
soft tissue which has to be shaped into a ball, or
when designing the heat source and discussing
the ideal moment of launching the flyindject.

Energyefficient flying

For his school leaving exam, Oliver Haigmn
constructed a flying lgect from polystyrene
which was based on the shapes of the Zanonia
seed Zanonia marocarpa), a swordfish (Xiphias
gladius) and a penguin (e.g. Pygoscelisupdp
The friction fa&tor of his construction, which
was measured in a wind tael, was inpressive.

Picture 3.Polystyrene model of the newly
combined flvina object

Discussion
Understanding the cka
sic examples prgously
mentioned, rediscove
ing and reiwventing df-
ferent structures prind-
pals and laws of nature
helps to find further
soluions for technical
problems. This approach
to nature sparks the
& (0 dzR Sy i a Oncemiyfgliti® Nodagty] furd 2
tionality and efficiency of biological structures.
Through this activityrientated, expemnental
approach it becomes gssible to encourage
creativity based on previously raised scientific
question€ LJA lj dzS  AdSigzRh&8ly theinQ
acquire knowledgethrough seeking evidence
based solutions to their problenand developa
sense for interdisciplinary problems orissues
andtheir solutions.
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2.36 PROFILES Continuous Professional Development Workshops in Turkey

Yasemin Ozdem and Bulent Cagd3okuz Eylul
University, Turkey

into their classroom practice. Teacher empathy
with project aims andteacher motivation to
engage with ideas through reading and discu
sion were fundamental for transformational
teacher learning.

Continuous professial development (CPD) is a
crucial component of the PROFILES project. By
means of teacher development, PROFILES aims

firstat A YLINE @A y 3 {efichod K ENE Q FissSIPB workshop

plementing PROFILES modules basedh qofi-

losophy of a motivationaihquiry-based science

education through a sociescientific approach
which recognises the importance of science
education as more than content and skills and
the need for an education through sciencerpe
ception. ®&cond, PROFILES strives to provide
teacher ownership of the projecintentions
through understanding and appreciating the
philosophy of the project. For this reason, ™R

FILES project partnehsveorganizel a series of

specially designedCPD workshops for science

teachers in their countriess A G KAy |

Yy S S Ra Q CRPpfogramt&based on:

e Updating science background (especially in
an interdisciplinary sense).

e Enhancing PCK (Pedagogical Content
Knowledge)eaching skills with correspain
ing theoretical ideas.

e Promoting teacher reflection on their ckas
room interventons using PROFILES modules
as part of the CPD programme.

Turkey, as one of the project partners, held
workshops with 40 science and technology
teachers, who teach at elementary schools
(grades €8) in two capital cities. There were 4
CPD workshopikeld during the first year of the
projectstressing the neetb build up a common
understanding and to be on the same target.

PROFILES Continuous Professional Development

(CPD) workshops in Turkey were structured in
the light of several perspectives. To begiihy

Kennedy (2005) suggested that the theoretical
base (research ideas) should be presented to
teachers and then they should be invited to
WSELX 2NBQ K2¢ (GK2&S$S

With this in mind the first CPBessionwas held
twice as a one day semindor two groups of
teachers Teachers whowere interested in -
quiry-based science education ariéducation
through scienc&Holbrook & Rannikmae, 2007)
were invited to collaborate in the PROFILES pr
ject usingonline mailing list and individual ne
tacts. In this introductory seminarteachers
were introduced to the PROFILES project, its
philosophy, its educational model, its work plan,
and its perspective about CPD for teachers.

Y S8 dndTRSviditkshop

Thesecond workshop was a twaay interactive
and collaborative meetingBorko (2004}akes a
situative perspective on teacher learningne
phasizing the need to take into account both
individual teachefearners and the social sy
tems in which they are participants. Supovitz
and Turner (2000, p. 964) identified that egga
ing teachers in casrete teaching tasks as critical
to high-quality professional development.
Throughout the second workshop, teachers
were calledon to share thér understanding
about the project goals, such as inquibased
science education ant&Education through se
enceQThus, @ the first daya major task for the
CPD providersvas to ensure that all teachers
shared a common understanding of the project
aims and componentdg-or this teachers were
engaged ina series ofsmall group workshops
about types of inquiry (stretured, guided and
open), identification of science process skKills,
the ability of asking investigable quesi®y and
implementing an inquinpased science lesson.
On the second day, teachensteracted with

A R SARR®FILESR stignge eguSatiop finpdatgbavere § SR Q



introduced to the ideas and intentions assdeia
ed with the three-stage modelon which the
PROFILES approach is based

Teacher development, especially in the areas of
teaching methods and practicgs advocated in
PROFILES a hard task for teachers since the

is a strong likelihoodhat they need to change
their instructional strategiege.g. moving from
teachercentred to more studententred tead-
ing). It requires teachers to share the values of
the new motive and be prepared tdeal with
threats (Loucksiorsley, Hewson, Love, & Stiles,
2003), have a desire twiden their range of
current practiceswilling to be involved irop-
portunities for action, share their experiences
with a Wommunity of practic@ reflect in order

to understand the emerging patternd change,
extend their knowledge and experiergeand
finally make time to adjust to the changes made
through a continuous professional support
(Hoban, 2002). Moreover, it takes significant
time to begin to use new instructional practices
in a competentmanner, and teachersequire
support through continuous reflection and
feedback in order to feel setfonfident to intio-
duce new practices in their classrooms (Clark &
Hollingsworth, 2002). Therefore, in the third
2N AaK2 L ieficho WaS/ernicha S f
addressed.

Third CPD workshop
The third CPD programe was a one day sem

sional and personal areas. So teachers should
experience chaborative ways of working with
other teachers, develop ideas and actions in
collaboration with other teachers as well as
experts, and attending to their feelings through
reflection. Within PROFILES this conception is
introduced through the setting up afetworking

at the school, group of schools and latee-r
gional and national levels.

Fourth CPD workshop

The fourth CPD program was a em&y inten-
sive package of collaborativeteraction Teab-
ers carefully examinedhe science and techito
ogy curriculum noting the range of compete
cies intended, so aso decide ongood top-
icdlearning areas for module development.
They collaborated in six groups to develop three
stages, PROFILES educatignatodules which
they could implement in their science clas
rooms. The CPD providers guided teacheirs
determining thetitle and scenario writingglaii-
fying the socioscientific issue, and developing
and/or adapting activitiesto ensure they @-
cused oninquiry-based science learning. lo-t
tal, six modules were initiate by PROFILES
teachers in addition to the two modulasitially
developed and adapted by CPD providers.

Reflection
In sum, PROFILES teachers in Turkey have high
motivation towards participating inthe CPD

nar. Other PROFILES project partners (ICASE and workshops. They are highly devoted to acteali

UTARTYcontributed to this workshop through

ing inquirybased science education not only in

0§KSANI LINBaSy il GA 2fficacy, 0 2 thair sciekce dass®oiEs But aiss i their schools
a0dzRSy (G 4Q Ay cNMbtyaiionGndl y Randif dthedsghaols. They appreciate the value

the applications of PROFILES project in other
country settings.

According to Hoban (2002he challenge can be
best supported by establishing collaborations
with other teachers or experts within a conum
nity of professional learning. Argfessional é-
velopment that aims a transformative change in
St SYSy Uil NE
tices, according to Bell and Gilbert (1996),
should include development in social, prefe

of PROFILES philosophy and share our efforts to
an education through high quality science and
technology course

The major challenge now facind@ Turkish
PROFILES partner is the questidhef CPDs of
sufficient strength and worth to be successful in

G§SIF OKSNAE© O diNshidthy the tafhens i3 (pdirtny thé e LINI

gree of seHefficacy desired. One positive indic
tor will be the number of teachers wishing to be



involved in the next stage of PROFILES ldeve
opment ¢ gaining ownership of PROFILES
through becoming, as expressed by PROFILES a
WiSFOKSNI a fSIRSNx¢ {dzOK (Sl OKSN&
pected to be motivated to assist with CPD for
new PROFILES teachers, participate in seminars
and workshop to disseminate PROFILES ideas,
and besides creating or adapting further dio

ules to be interesting in exploring ways te-r
duce teacher constraints and enhance student
feedback on the implementatioof the PRO-
FILES intended, more motivational and student
centred approach to science education. And the
goal- to truly teach the students, not just the
curriculum!
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Background and sipe

Recently the German Federal Staté Bremen
established a new type afecondarycompre-
hensive schoodbh4d S NB& Q. lOdef obtlye @oals
of the reform was to implement science as one
integrated subject, for students in grades8b
where Biology, Chemistr and Physics were
formerly three separate science subjects.
Science teaching in this new subject is outlined
by the governmental syllabus to be operated by
different framing contexts with the intention
that these contexts are taught through the @t
gration of subtopics from the different domains
of science. Pedagogies, which followdent-
active and problenbased learningas well asn
inquiry-based and societadriented science
education, were suggested.

According to this educational reform project,
different groups of science teachers and science
educators under the PROFILB®men project,
have been developing new lesson plans which
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Figure 1. Different advertisings on cosmetics

2.37 Clothes ¢ The Second Skin. Cosmetics: Between Hope and Effect ¢ What Do

fit the new syllabus. One aspect of PROFILES
Bremen, in recent months, was a teacher group
working on a lesson plan freed in the context
of W{ 1 AY Iy /¢KSY BigeRaH S
G2 LINRY2GS &addzRRSyid&aQ
munication skills.This module also aimed to
encourage societadriented evaluation and
decisionmaking abilitieghrough analysingme-
dia advertisiig (which includd the internet, TV
spots and printed media).

Another focus of the development was helping
teachers to cope with the high heterogeneity in
language abilities and achievement in theeBr
men Oberschule Therefore, the lesson plan
used differen pedagogies foinner differentia-
tion, especially while conducting practical work
One of the approaches was to give alternative
experimental tasks with different degree of
guidance and demand within different wor
sheets, according to the abilities of faifent
achieving students.

The lesson plan

The structure of thdesson plaris modularized
and consists of thresub-modules. It is possible
to use parts of this unjtas well as the whole
unit. A modularized structure gives the teacher
the option to tailor the materials to the specific
circumstances in her or his school. Planning the
lesson with different sulnodules also allows
teachers from other German Federal States
(which follow different syllabiand work under
varying conditions}o adopt the mateials, or
parts of them that they may deem relevant

ThefirstsubY 2 Rdzt S &/ 2aYSGiA0ay . S
and effect¢ what do we putonou& { A yrke¢ O2
sistsof severalcomponentswhich can besmall
taughtsuccessively, or separately.

They can also be combinedlimidually, deped-

Ay3a 2y GKS ao0Kz22f O dzNNA O dz

knowledge and abilities.
The submodule starts with a collage of different
cosmetic products (Figure 1), such as shower

SELIS!



gels or body lotions, whereby particular engsh
sis is placed on the infimation on their packg-
Ay3ds gKAOK AYyTFSNER Gd&l 0
fee¢ ANIAAIND f ¢ @ . dzi G KI

laboratory work arranged according to the
method of learningat-stations (Eilks, 2002)
Within this phase, the students have tome
plete different experiments (in groups or in
pairs), e.g. exploring the pthlues of different
skincare products, producing their own lip balm,

hand cream or effervescent bath salts, looking

at the ingredients of a geling using a mior
scope, etc. A central focus of this soiodule is
aimed at the pkHvalue of the skin and how fdi
FSNByYy G LINERdJzOG a
has not been introduced before, or where it is
not applicable, respective learning materiaie
provided on demand. In addition to the pH
value, another fundamental content is iotr
duced following the experimental phase: the
a0 NHzOGdz2NE 2F (KS
Lidzl T £ S¢ A& ONBIGSRO
the students put togethr the different comp-
nents of the skin and learn about their fcn
tions.

All experiments and activities are assigned to a
certain level of difficulty. Additional help for
lower achieving students is provided in the form
of flowcharts (Figure 2), in whighe steps of a
particular experiment are presented in brief.

The aim of the whole module is to conduct an
open, flexible, practiceriented and student
centred learning environment. At the end of the
sub-module, the learning returns to the issue of
advetising. The students watch several adve
tising spots on products they worked with du
ing the experiments and judge them with the
help of a list of criteria so that they can see for
themselves the sheer number of factors which
play a role within a successfadvertising cen-
paign. After this the students then develop their
own advertising campaign for a seffade soap.
They imagine themselves as advertising experts
(Lippel, Stuckey & Eilks, 2012) and discuss-que
tions like: What information do | want to give

2. Gibden Rotkohlin ein Becherglas

(KS LINPRAOG Aa 6alry FTNRASY
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4.
practice? This question is answered through |
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5. Falte aus einem Filterpapier einen
Filter und lege ihninden Trichter

r

7.Gibnundie vorbereiteten
Reinigungsmittel in Reagenzglaser, und
zwar jedesin ein anderes

( 10. Wie andernsich die Farbenin den )
Reagenzglasern? Male die
Reagenzglaser aufdeinem Arbeitshlatt
aus
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the consumers? How many arguments can |
use? Do | want to employ scientific content in
my advertising, or is an attractive appearance
more important to me? This method helps to
promote the evaluation competence which is

GALAY

ponent of PROFILES.

As already mentioned, théesson planhas a
modularized structure consisting of thrgmarts
The first module, which concerns the structure
of the skin and the impacts of cosmetidsgas
been already explainedabove The lesson plan
also consists ofwo other submodules. One of
them deals with impairment of the skin by par
sites such as lice or scabies. The studeats
split into groups and provided with multime-
dia-based éarning environment consisting of
pre-selected materials, including textshort
videos and soménquiry questions. Each group
investigates one specific parasite using these
materials. Thelearning focuses the devele
ment of a fictionalflyer for the Ministry of
Health aimed at warning the population of this
type of parasite. The flyaneedsto contain df-
ferent categories of information, such as prote
tion, prevention and medication. At the end, the
students can present theftyers to each other,
exchange thenmand their views.



The focus of the third sulmodule is about if suggestions were adapted fohe topic and the

bres and their properties in the context ofgr specific requirements. Since the topic was also a

tecting the skin by means of clothes. This partis new field of content to many of the teachers,

OFftt SRY @G/ 22f Zadiichfdd & TFeRpRdm&n@ISwakkshdpswere undertaken in

NAOa FNB (GKS 06SailKé ¢ K Sthea undarsByy th taiseQR2S/TMRAKCIINBAS 0§ WP b
simple laboratory tasks to get to know prape about potential laboratory activities, but also

ties of materials such as thermal isolation,afw promoting their selfefficacy in implementing

ter) resistance, or structure. Other aspects, e.g. the modulein their classrooms.

the price or environmental factors can also be = The complete module is now tobe testedand

taken into account. Also the module considers implemented in different schools by the BR

the difference betveen natural and artificial FILE®remen network. The cooperation of
fibres. In the end, the students put together teachers with curriculum developers from the
outfits for different situations, taking the folg- university proided a valuable framework for

ing into consideration: What fabrics do | prefer  developing feasible teaching materials. Pmese
GKSY LQY Ay@2ft @SR Ay a liafoNditd tgashers fOm atl@nischbols privokedK |

keeps me warm? Which clothes areetibest great interest in adopting the materials even
choice for particularly hot weather? Again, there beyond the PROFILB&men schools. From the
is a presentation of the results at theery end next school year, more schools are exgekcto
of the module. enter PROFILEEBemen and will benefit from

the developed materials.
Reflection and outlook
The lesson plan was developed by Participatory References
Action Research (PAR) as described for science Eilks, I. (2002). "Learning at Stations" in sekson

education by Bis and Ralle (2002 Teachers ary level chemistry lessonScience Hd
and science educators are working together and ~__ cation International, 1¢1), 1¥18.
exchanging their experiences and theoretical Eilks, 1., & Ralle,_ B. (200.2)' Partlomy_ltActlon

_ , Research in chemical education. In B.
frameworkto develf)p’ teacjh[ng materlalvs, cb'zts , Ralle, |. Eilkéeds.) Research jn Chemical
NE2Y LINF O0AOSa IyR M2y uNR EdgeationUvhat Wsels P& %%@p. 02
tinuous professional development (Mamlok 87-98). Aachen: Shaker.
Naaman & Eilks, 2012) Lippel, M., Stuckey, M. & Eilks, . (20139)-
Threeprofessional development providersne RBungsmittel untersuchen und Uber We

bung lernenPravis der Naturwissenscha
ten Chemie in der Schull(1), 3640.
Mamlok-Naaman, R., & Eilks, |. (2012xtion

Bachelorcandidate,and six teachers w&ed on
developing thematerial. Development of the

lesson plan took roughly nine months,ithv NEaSFNDK 2 LINEY2(GS OKS
meetings everyour weeks. In the meetingshe professional development; Cases and

teachers and the team from the universityxe experiences from Israel and Germaihy-

changed theirideas, views andworked on the ternational Journal of Mathemats and

teaching and learning materials Science Educatiadvance article.

A special focus of the group work was impl
menting pedagogies for innedifferentiation,
too. Teachers provideexperiences and infe
mation on demands concerning heterogenic
classes and theidifficultiesin the specific case
of the BremenOberschuleThrough cooperation
of teachers and university educators, different
pedagogies were analysed and finally suitable
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Background, scope and method

In the year 2010Qthe state of Bremen within
Germany undertook a school reform to impgl-
ment a thorough system of comghensive
schools. Within the reformthe three science
subjects namelybiology, chemistry and physics
were integrated into one subjectfcienc® br
the early years of lower secondary education
(grades 58, age range 114).

PROFILEE®emen issuppoting schools through
this reform process. By forming teams ofisc
ence teachers from different subject areas and
schools PROFILEEremen seeks to help tehe
ers in meeting the challenge of éhcurriculum
shift by integratingthe sciencesubjects

This paperreports on the work of a group of
teachers focusingn asyllabus unit for grades
5/6. Utilising the model of Participatory Action
Research in science education (Eilks & Ralle,
2002) the group structured an-B2 weeks le-
son plan on basic content of engrgutilising the
everyday life context of energy in the house.

Objectives of the lesson plan
Thelesson plardEnergy around theH2 dz&fér é
comprehensive schools in the state of Bremen
(Germany) deals with the syllabus oxaching
issue cenergy from the a dzyl$ the PROFILES
Bremen project group, this issue is connected
with the everyday lifeO2 y (i &rBuind tiie
H2 dza Bhe focusof the lesson plaiis onalter-
native energy suppés and energysaving by
insulation.

Thelesson planis divided into segment/hich
allow for modular use and given the high levels
2T KSGSNR3aISySAdGe

hensive schools (as in the case in Bremen), is
important.

The modular structureprovides an option for
teaching the whole unit, selecting differensa
pects, orcombining both for inner differerd-
tion. In each phase, optional activities am i
cluded if time allows, or for differentiating for
the faster learners and higher achievers. The
lesson plan also focuses on a societal odent
tion of science education (Hdé&n, Eilks &
Bybee, 2011), referred to as sodoientific in
PROFILES, by reflecting upon the politicabsitu
tion in Germany, which has placed emphasis on
intensifying house insulation and promoting
more thoroughly the use of renewable energy
sources. Té latter aspect is dealt with through
focusing on solar and wind energy. In this case,
the use of energy conversion by windmillsoph
tovoltaic devices, and solar collectors are to be
discussed.

Thelesson plan is designed to allow for student
active and coperative pedagogies, e.g. the
learning at stations mode or the jigsaw das
room structure. It applies problerhased and
inquiry-oriented learning, in combination with
cooperative tasks throughout the cours&he
single activitiesinclude a wide range ofasks
such as creating chartexperimenting in group
with open cooperation, or developing and opt
mizing a model of a solar collector

Overall the students are taught to think about
energy from the sun as an important basis for
life on earth.

They alssshould learnthat nowadays the sun's
energy can beome an important source as an
energy supply for household and technicg- a
plications in the future, such as supporting-e

ergy forheating, mobility, orelectricaldevices

Central elements of the pedaggyg

A ye- DS NHOr 1p &g lessopdepsiugentsgrs askad;to

measure and record thdaily outsidetempera-



ture in their local environment for two weeks tain materials to bemore suitablethan others.

The analysis of the dat@nctions asthe intro- ¢CKS ANRAzZLJAQ 62NJ] A& &dzLdLJ2 N
duction to the topic.If insufficienttime is avalr inspired by the idea of the eg@ces.The diffe-
ablefor individud measurement, default values ent groupscompete with each other to find out
can also be evaluatedlhe motivation for the which solar collectoris the most effectiveThe
discussion is the need for the use of heat in the goal is to achieve the highest temperatume i
house and the demand for cheap and enwiro creasefor a given amount of water.

mentally friendly technologies. The second majosegment of the lesson plan
The first major segment of the lesson plan is the  focuses orheat conduction and thermal insaH
creative inquiry to reinvent an effective solar tion. It is notthe energy production, whiclis
collector. Before this is possible, the students now the focus but the reduction of heat loss in
need to develop relevant basic knowledgeTo and around the houseThe students comgre
allow for selfdirected creation of the model, two detached houses with each otherth the

this phase is embedded into a jigsaw classroom
(Eilks & Leerhoff, ZL). For this purpose five
equally sized groupare formed

Teachmg round. EXpert round.
DDAB ﬁB Aéﬁ BBBB
C P C A B
C
DQAB DéB [ Je o o
&, C C D
Figure 1. Method of thgigsawclassroom Figure 2Example of sun collector model

Each student receives a subtopitudents with
the same topic form a joint group in the expert
round. The students learn about differentsa
pects important for understanding a solarl€o
lector. Thke expert groups use experiments such
as the greenhouse effect of flow velocity of a
liquid to collect thermal energy in a warmroe
partment as a basis for their inquiry.

After finishing these topiggthe Wi S OK A y 3
groups are formed by having, in eagroup, one & 4 I (. Xxn2 jAsuldtionneedsto be testedfor

expert from all trle gr?ups Of, tt]e e>fpert round the roof, the windows and on the outer wall .
*PAUKAY UKS WasSHOKAY 3 NEa R Qivhetstiton wbkilgdmettermdl N5
asked to report the experiments which they did insulation in the animal world.

and to teach the others about the learnedreo In the overall lesson plan, more options foF i

tent. The jointtask they have to accomplish is ner differentiation are embedded, e.g. inquiring

Fhe devebpment of a solar collegtor by conmbi the effect of the sun on thelenomenon of sea
ing the knowledge from the different expert and land wind, or on the influence of the solar

topics. From a ist of r_natenalﬁ1e_ students &- ) altitude for the effect of solar radiation and thus
lect the most appropriate materials and explain

to the other group members why thewte ce-

help of a thermal imageOne of thehouses is
provided with thermal insulatiorand the other
is not Based on the image, the studendse
expected torecognize theweak pointsof a
house where the heat esqaes to the outside.
The experimental and inquiry learning in this
phase is based on the learning at stations ged
ogy (Eilks, 2002The weak pointef the house
%‘é ##&ifiRidual stations for thééarning at



the efficiency of photovoltaic devices on roofs
of houses.

At the end of theunit, all the learned contents
are combined Tasks to repeat rad consolidate
were developed A complex taskon the sitwa-
tion from the animal worlgdfunctions as dink
between the previously learned content$he
question is how a polar bear protecitselffrom
the cold. The task combines bothe content
from the construction of a solar collector and

Figure 3Model of a photovoltaic energy converter

the thermal insulation in a houseso the can-
tents of thejigsaw classroorand the learningat
stations are connected. Thus, students ca&n r
peat and reinforceavhat they learned

Implementation
Following the model ofParticipatory Action

Research in science education (Eilks & Ralle,

2002) the first draft of the lesson plan wae-d
veloped over a time period of about 9 months.
Continuous influence from the literature and
the ongoing negotiating and refining of theste
son plan and teaching materials took place in
YSSiAay3a 2F GKS

Bremen, testing is not only operated in the
learning groups of the teachers involvedtire

energy topic. Also members from other sub
groups of PROFILBE&men intend to use the
materials and will provide information for ffu
ther development and thorough implemesst
tion. Implementation actually takes place in five
learning groups and it is plaed to broaden this
in the coming school year.

In addition to developing and implementing the
lesson plan, working on this topic allowed for
networking the teachers with the university and
to establish a partnership which allows forfu
ther cooperation.
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Introduction

Since the last school reform in the Germamlfe
eral State of Bremen, there are two types of
schoos: (i) grammar schosl(Gymnasium) and
(i) secondary comprehensive scheolObe-
schule). There is a long &dition of grammar
schools ilBBremen, and as such there are plenty
of materials available for this type of school.
Oberschule now offer a new governmentally
mandated syllabus, with science being offered
as an integrated subject until grade 9 (age 13
14). This is new for both the German schools
and the teachersHowever, teachers have not
been educated to teach this new integrated
science subject, with most only having studied
one or two of the three traditional science Isu
jects (biology, chemistry anghystcs) Furthe-
more, no lesson plans exist for this type of-le
son.

Starting from this pointthe PROFILES group in
Bremen decidedo develop teaching materials
for integrated science lessons in the Oberschule.
Different group of science teachers and scienc
educators are developing new lesson plans
which fit the new syllabus for Bremen Qbe
schule. The present paper is based on a lesson
plan developed within the framework of the

PROFILES project. The lesson plan is about the

topics of metals, and reductionnd oxidation
GAGKAY GKS G2LRAO
grade 7 (age 1:23). The developingthe badk-
ground of the lesson plan, the lesson plan itself
and the evaluation of its implementatiorare
presented.

2.39 The Treasure in My Drawer ¢ What to Do with My Old Cell Phone?

Participatory Action Research

This projectis based on Participatory Action
Research (PAR) in science education (Eilks &
Ralle, 2002). PAR is a joint effort between
teachers and science educators for curriculum
development, educational research, and elas
room innovation.

This paper reports on argup of three chens-
try/physics teachers, who are collaborating with
a university researcher in a PAR projagsthin
PROFILESThe group meets regularly, every
three to four weeks, and has been developing
the lesson plan. At the group meetings, changes
in teaching practice are proposed, negotiated,
and refined so that they can be tested ang-a
plied in classroom situations, before being-r
flected upon and improved.

Description of the lesson plan

The lesson plan was developed following the
ideas of sociocritical and problerroriented
approaches to chemistry teaching (Marks &
Eilks, 2009). More detail on these approaches
can be found in Figure 1. These approaches
were deemed sufficiently close to the PROFILES
3 stage model as to be taken to be the same.
During the initial textual approach and problem
analysis, students work on a developed Bew
paper article. The article poses a question about
having a treasure in a drawer, because of not
taking care of old cell phones. Furthermore, the
article is based on coent that is new for the
students. The students are expected to develop
guestions that should be answered during the
science lesson. Following this, students work on
clarifying the chemistry background in a laber

G ¢ NB | ataiyNaBvirognfent. StudehitK dre elajuiing Adia

ferent metals and their properties. This isl-fo
lowed by an eggace experiment where gt
dents develop an geriment for the production
of copper starting from copper oxide.
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Figure 1. Sooicritical andproblem orientedapproach in chemistry teachiideemed to be very similar to the

PROFILES 3 stage appro&N)arks & Eilks, 2009

Furthermore, in this phase, students are pibvi
ed with texts about the productio and reg-
cling of gold and aluminium. In the next phase,
students prepare for the discussion through a
role play. In the role play, four roles are repr
sented, with each standing for a different wie
point

about how to handle old cell phones. Finally
students reflect on the role play and the lesson
plan itself.

Implementation and Results

The testing and evaluation phases took place in
four learning groups (grade 7; age-12) with a
total of 92 students. The four groups werenco
tinuously accompanied anobserved by unive
sity researchers. After each lesson was finished,
seltreflection was performed by the teachers
and documented using narrative reports. These
experiences were regularly discussed by the
entire PAR group. Aditudentstook a cognitive
test and wereaskedto fill in a student feedback
tool consisting of a combination of both an open
and a Likertype questionnaire. Finally, the
MoLE questionnaire prescribed by PROFILES,
was collectedrom all four groups.

All teachers wlcomed the experimenation
when it came to applying the developed lesson
plan. After carrying out and reflecting on the
lessons, the teachers were very enthusiastic
about the lesson plan. They were happy with
the product they had produced, with the ope
ness of the lessons amndith the overall motia-
tion of their students. This reaction consistently
fitted with the feedback given by the students.
The learners judged the lessons to be renaark
bly good. The students said that they had more
fun during the lessamthan in other lesens.
This is also supported by the Molguestin-
naire. Furthermore, they enjoyed the discussion
at the end of the lesson and found it was easy
for them to participate When it ame to the
cooperative learning, students liked the idea of
teaching other studnts and being responsible
F2N) GKSANI 26y YR
knowledge. The results of the MBlguestin-
naire supported this point as well. Whenust
dents were asked about their opinion about
learning the content during the lessa) more
than 70% of then agreed that they learned a
lot. Students agreed that thehad studiedan
interesting topic, whichwas also important for
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their livesand their future. Finally, almost 90%
of the students agree that the lessos made
them think more about their environmerand
their behaviour especially when it ane to
handlingold cell phones. This poimas triangi-
lated by the MoEquestionnaire.

Furthermore, the results of the M&.questin-
naire shoved that the students had more time
during the lessorio think about tre content of
each lesson. The same questionnaire shemlv
that students were more active during thesle
sors and tried more frequently to participate
and understand the subject.

Finally, the expectations of the teachers, which
had been set down in the formfoa pre
structured test, were exceeded by tludents
most of whom achieved unexpectedly positive
cognitive results.

Conclusions and implications

The process of collaborative development, stili
ing the model of PAR, was new for both chemi
try/physics teachers and studentsEach group
dealt with it in an autonomous fashion, aided by
the newlycreated teaching materialbased on
the lesson plan. The students were able  c
operatively manage the lesson plan, despite
initial doubts expressed by some of theacdh-
ers. More important, the less@made students
more conscious about thenvironmentalprob-
lems and issuesmade them think about these
issues and maybe change theighaviourwhen
faced withhandlingold cell phons.

The initial data seems very prosimg and mat
vating for the implementation of further te&e
ing approacheswhich are based on the soegio
critical and probleroriented approach on
chemistry teaching.

Cooperative efforts between science teachers
and teacher educatorappearto offer attradive
possibilities for developing new teaching raat
rials in chemistry/science lessons. Furthermore,
cooperation between experts stemming from
multiple disciplines seems to offer a promising
path for creating motivating and highly attra
tive learning enviraments, which allow science

teachers to use successfully sociitical and
problemoriented approach ilPROFILESience
teaching. Finallyhis indicatesthat the work of
the group is a promising way obnductingCPD
(MamlokNaaman & Eilks, 2012).
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The PROFILES ICASEE group

PROFILES ICASEE involves fifteen science
and math teachers from the Nantes aren
France. On top of teaching science, they have a
common interest in teaching science in a foreign
language. The group was created in September
2011 by ICASE and is supported by the local
science inspectors.

So far, thevilCEmembers have undertaken CPD
through three meetings. For its first seminar,
the group had the great opportunity to welcome
Jack Holbrook and MiiRannikméaewho shared
their knowledge on the PROFILES activities and
teaching methods. The two following meetings
focused on PARSEL modulend their asses
ment. The members also shared teachingexp
riences and tools used in bilingual classes.

The group is keen to invite new members to join
for the new academic year. The members are
also interested in meeting teachers from other
countries n order to share their views on ed
cation, and also to make contacts for further
school exchanges.

Interest generated byPROFILE®o0dules in our
teaching

Our teachers have tried out a range of chemi
try, physics and biology modules mainly in the
upper stool. While student interest has been
very positive, the teachers, themselves, were
also interested in bringing new aspects to their
teaching which the modules could provide and
on which they could reflect as a group.

We emphasize four major contributisnof the
PROFILES modules which have impacted on our
teaching:

e an inquirybased method,

e assessment by skill,

e away to diversify our teaching, and

e aninterdisciplinary approach.

2.40 Teaching Science in a Foreign Language using PROFILES Modules

These four points are in complete coherence
with the educational approacpromoted by our
hierarchy.

e Inquirybased Science Educatidras been
progressively introduced in the sciencd-sy
labus of secondary education since 2008.
Therefore PROFILES modules provide a lot
of examples that can be used with ouust
dents.

e |n 2010, a neweform came into effect in
our high schools. At the same time, a new
science syllabus has been established-pr
moting learning throughskills The asses
ment, based on skill acquired, is exactly one
of the interests of the PROFILES modules.
As we are notselfconfident with the &-
sessment of general skill®ROFILE®0d-
ules can be a way for us to improve our
practice.

e We need todiversify our teachingPROFILES

provides great opportunities for teachers to

use different ways of teaching and espécia
ly to reflect on IBSE. Thus we have divers
fied our teaching by:
- using various situations, not onlyisc
entific, but also connected to socio
cultural issues. And that contributes to
make science teaching more meagin
ful;
- using unusual methods like a scenario
to initiate the science topic.

PROFILE®odules allow us to include an

interdisciplinary approacthat is not con-

mon in our education system.

Interest of PROFILES modules for Teaching Sc
ences in a Foreign Language (TSFL)

All the teachers involved in owroup have a
common interest in teaching science in a foreign
language (English, Spanish and in the next f
ture German as well).

In France, we can teach a subject in a foreign
language as long as our language level has been



confirmed through a specific & organized by
the inspectors.

We can teach in another language during our
usual classes. That means that some of the
course or the entire course is taught in a foreign
language, within the usual curriculum.

Or we can teach in a specific context, callied
European Section. In that case, students welu
teer for an extra two hours course. In that extra
course, a subject is taught in a foreign language.
The linguistic difficulties make our progression
slower, and make us usually work on scientific
conceptsthat have already been studied in the
native language.

Some of the PROFIL:-EBCE members piloted a
few PROFILES modules in those classes during
this sclool year (2011¢ 2012). In fact, ashe
programme to be studied in that course is not
strict at all, wecan use those hours with a+
ther wide educational freedomThus, we can
use PROFILES modules in accordance to the
instructions from the Ministry more easily than
in the normal course.

Let us underline some specific reasons for using
the PROFILES modsili@ this context.

Having scientific resources written in English or
German at our disposal is, of course, an sadi
putable advantage. However, many of them are
already available on the WEB; so why ar©PR
FILES modules particularly benefid@l teach-

ing science in a foreign language (TSFL)? The
following rationale is put forward:

e Comprehensive and reliable resources

First, those resources are really comprehensive:
atdzRSyita akKSSdas
documents (proposals of progressssassment
further information, etc). From a scientific point
of view, ¢ as well as linguisti¢ the modules are
reliable, homogeneous and attractive.

e Adaptable levels

Generally, the levels proposed match ouu-st
RSyGdaQ ¢Stttz odzl
both their scientific and linguistic difficulties. By
their conception,PROFILE®odules can easily
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be studied more or less thoroughly; moreover,
we can also mix the 2 levels proposed.

e Oral and written expression incited

The main interest of using PROFIbifslules in
TSFL is certainly the fact that it incites pupils to
express themselvedndeed, the modules focus
on the comprehension of scientific phenomena
much more than calculus. Then, pupils have to
make sentences, even when writing.

Inquiry methods rais questions and doubts,
making pupils talk to one another.

The sociecultural frame enlarges the vocab
lary needed. The students who are not aware of
scientific concepts or vocabulary can participate,
using the everydajife vocabulary learnt in the
Englié or German course.

Lastly, PROFILES subjects systematically link a
scientific study to a social issue. Debates, where
choices have to be argued on scientific facts and
made in the light of socioeconomic aspects, help
some of the students to get rid of tireinhibi-
tions. Feeling concerned, students participate
more spontaneously. The discussion can involve
a large group, but can also take place in a role
playing game. In a role play structure, students
are generally well involved and creative;r-fu
thermore, each student has to speak.

e Cultural opening

Even if we study the same scientific concepts,
topics and manipulations are not tackled the
same way as we are used to in France. That is
thanks to the fact that this is an international
production, rich in di#rent cultures. That

LINE ( 2 Qriakesi aur téachiing morfe &rativél, Srid @fefsNI &
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on a common scientific point.

Thus, based on our experiences, we camwo
RSNY 2 K& O2dA RyQd 68

views across countries? Herwe envisage the
PROFILES networking going across borders.

what about the opportunity to obtain modules
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ty to seek modules and experiences from the
other consortium partners.



2.41 A Delphi Study in Sweden: Probing Different Stakeholders’ Viewpoints on
Science Education

CarlJohan Rundgre ¢ Stockholm Universit, achieve the learningelated to those abilities
Sweden (Shamos, 1995), therbas beena consensus
ShuNu ChangRundgreng Karlstad University, among science educators that scientific literacy
Sweden was important. Furthermore, the problem of
relevance of current science education in many
Abstract countries has necessitatel a discussion about
The purpose of thipresentation is to present a how to achieve a relevant and meaningfui-sc
design of a Delphi study investigate different ence education whichauld facilitate the spread

all 1SK2f RSNEQ O2yaSyadzof Didnffiglideasyy 64 2y aO0ASyOS
education in school at the age of -1 in a

Swedish context. A thremund Delphi a- To make school science more relevant foued

proach will be adpted, and the results of the cating young people for the society of today and

first round of data will beéhe focusof this pog- tomorrow, many authorshave suggestd that

er presentation. A total of 25 participants in some of the solutions for the dilemma may be

each group(students at junior high level, sc found in

ence teachers, science educators at universities e increasing contextualization of the content

and scientists were invited to provide their (Nentwig & Waddington, 2005),

viewpoints. The implicatiorior science edua- e connecting more to societal issues and the

tion is presented. link between science and modern techaoel
gy (Akenhead, 1994),

Backgound e connecting to sociscientific issues with

The declining interest in pursuing sciencedstu ethical implications (Zeidler et al., 2005),

ies in the majority of developed countries during and

recent years (George, 2006) has made it sece  « involving inqiry-based science education

sary for science educators to reconsider how (Gyllenpalm et al., 2010).

science is taught at school arbe picture of In the same line, Bolte (2008) conducted a-cu

science that isanveyed to students. The inte ricular study using the Delphiethod on diffe-

national ROSE study has shown thatygarold Syd 3aANRdzLJA 2F &idl1SK2f RSNA

students in developed countries find many of  educators, and scientists) views on how science
the themes and questions of science interesting education ould be made more relevant, and

and important (Jidesjo et al., 2009), but at the the same approachvas adpted in an EU @-
same time, they failed to see schasience as ject, PROFILES

meaningful, and rejected science and teclazol
gy as possible future careers (Oscarsson et al., Ppurpose

2009). However, the goal of science education  The purpose of this presentatida to present a

in school isseen asnot only to educate and design of a Delphi study to investigate comse

recruit the next generation of scientists and  sus viewpoints on science education in school at
engineers the aim isseenalso to provide all the age of 1516 from differentd G | 1 SK2 f RSNA Q
citizenswith a level ofscientific literacythrough a Swedish context.

which they coulccopebetter with modern soc

ety. Even though different opiniortsave been
put forward as towhat abilities a scientifically
literate person would needa have and how to



The design of the Delphit&ly

The Delphi method is used as a methodfital
group consensus among an expert panel (e.g.
Murry & Hammons, 1995), which is composed
by an iterative procesandconducted in several
steps (rounds of questionnaires). Delphi studies
are used in science education research t®-e
plore different stakehdo RSNB Q @A Sg
themes in science education. For instance: O
borne et al. (2003) have conducted a Delphi
aidzRe 2y SELISNI&AQ OASsa
nature of science that should be taught in
school. A thregound Delphi approach as
adopted inthis study. The outline of the Delphi
study followed the curricular Delphi studyn-
dertaken by Bolte (2008). For the first round,
the questionnaire agreed upon within the ®R
FILES consortiunwas translated into Swedish
and distributed to stakeholders (stedts,
teachers, educators, and scientists). A total of
25 participants in each group of students at
junior high level, science teachers, sciencei-ed
cators at universities and scientists in Sweden
were invited to provide their viewpoints.

Expected outcomes

It is our hypothesis that many of the themes
discussed in the literature on how to make-sc
ence education more relevant (e.g. contextua
ization of the content, connecting to societal
issues and the link between science andhtec
nology, sociescientific isses, and inquiry) will
appear in the views expressed by the stakehol
ers. Furthermore, some differencesll alsobe
expected to be found between the four diffe
ent groups of stakeholders.
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Abstract

This presentation aims to present the newesw
dish curricula, launched in 2011 and how we
adapt inquiry and contextbased science edae
tion (IGBaSE) to this. An example of a teaching
module and the teacher training programme for
IGBaSE will be presented in this poster.

Background

Inquiry-based science education (IBSE)

Inquiry has a long history as a central word used
to characterize good science teaching andtear
ing (DeBoer, 1991)But in spite of its ubiquitous
use, there are still many questions surrounding
inquiry (Anderson, 2002)What does it mean to
teach science as, through, or with inquiry? Is the
emphasis on science as inquiry, learningras i
quiry, teaching as inquiry or all of the above?
Inquiry has its value in making connectiores b
tween content, learning and teaching, but this
also has been, and still is, a source of confusion
and ambiguity irboth the literature and teale-

ing practice.

The heart of inquinbased science teaching and
learning is the diverse ways in which scientists
study the natural world and propose expkn
tions based on evidence. However, this does not
imply that there is aiagle approach to teach
inquiry-based science. There is no, and cannot
be, a clear common definition or methoded
scribing what and how to work with inquiry
based teaching. The design will always depend
2y GKS GSI OKSNAQ
isand2 0 KSNJ £ 20Ff FI OG2N&A
and valuegKeys & Bryan, 2001n other words,
inquiry-based teaching is not just a matter of
teachingd { Af f &> odzi | az
beliefs, values and understding related to
teaching, learning and the purpose of educ
tion.

RS {ibiay 3

Adapting IGBaSE to Swedish curricula
The new Swedish curriculum for compulsory
schools was launched in 201(Skolverket,
2011) In the same direabn as IBSE, it putsrfo
ward that teaching in science aims to develop
GOdzNA2aAGe YR AyiSNBad Ay
ing worldd  GKIFG A& &adzJl2aSR (2
@LIRNIdzyAGe (2 Lizi 1jdzSadaz
own expemnces and current everits | YR G KS
opportunitytoad dza S ' yR RS@Sft2L) {y2
well-known context (Skolverket, 2011 p. 111,
127, 144) These examples not only highlight the
importance of providing a familiar and relevant
context to students, but also encourage tdac
SNE (2 O2yaiRSNJI (Jérkibs,
2006; Jidesjo et al.,, 20Q9The syllabuses also
promote the involvement of activities assotia
ed with A Y |j dzA NBsk dudsiioBsY look for
answers by using systematic studies and diffe
ent types of sources; developing critical thinking
over their own results, the arguments of others
and diferent sources of information; and unde
standing that statementscan be tested and
evaluated by the use of scidit methods
(Skolverket, 2011 p. 111, 127, 144)
The nature of science is also highlighted in the
stated aims:
e be able to differentiate betweerscientific
and other ways of describing the world;
e (gain an insight into the world view ofisc
ence;
e appreciate how science has developed and
the cultural impact it has had.

da addzR

The subject aims are summarizedtinee lean-
ing goals formulated as abilities
(a) use knowledge to examine information,

A Y i S NLINTdinminfeaey an@ Take 6aK staindpdiny hrdzA NB

f A Ss8SHPKSESNEQ 0StASTaA
(b) carry out systematic studies, and

€ dzas O2y0SLIiasr Y2RSt &
gAOK GSFOKSNHEQ
The assessment requirements are closely-co
nected with these goals and formulated ajiia-
tively, which is hard for teachers to implement
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in their teaching practices. A central part of the
knowledge requirements is to ask scientific
guestions, plan, carry out and evaluate assy
tematic study.

From the Swedish new curriculum, embedded
IBSEN science teaching and learning is not hard
to find, and at the same time, providingust
dents with a familiar and relevant context is also
highlighted. Accordingly, developing -BaSE
instruction and the related teacher traininggr
gramme in Sweden is seeof importance for
science educatrs to put efforts into today.

Defining inquirybased teaching

Anderson (2002) has suggested that some form

of operational definition was necessary, though

not sufficient, for persons wishing to commun
cate with teachersabout the essence of inquiry.

He has identified in the literature some common

prevailing features connected to inquibased

teaching(Abell & Lederman, 200.7)These are:

(a) characterized by inquiring intauthentic
guestions generated from student exper
encesas a central strategy for teachingi-sc
ence;

(b) activities in which students are developing
knowledge and understandings of scientific
ideas, as well as an understanding of how
scientists study the natural world;

(c) students working together in groups and
cooperating to solve common problems.

Bell et al. (2005) characterize inquiry instruction
as involving students in a form of active learning
that emphasisquestioning, data analysis and
critical thinking (Bell, Smetana, & Binns, 2005)
They suggest a framework to simplify inquiry
instructions, which focuses on two main traits:
whether the students are answering a research
guestion through data analysis and whether the
activity involves analyzing data. Inspired by
Schwab (1962) and Herron (1971), they use a
four-level model including confirmation, situ
tured, guided and open inquiry to guide teacher
to evaluate to which extent an activity is inquiry

(Herron, 1971; Schwab, 19634Ithough this is a
simplified description, it truly catches andepr
sents the core ideas of inquiyased science
teaching and can work as a starting point in the
communication with teachers.nlthe teacher
training programme, we adapt the simplified
inquiry instruction to discuss, with dservice
teachers, about inquirpased science teaching.

The teacher training programme in Sweden

A total of 25 science teachers will be invited to
take partin the teacher training programme
lasting for six months, organized in five feur
hour-workshops. The participants will be téac
ers from two primary and three lower seoctn
ary schools in a region located in the middle of
Sweden. The description of the trangi pio-
gramme will be as follows, although according
to needs in reality, more workshops will beopr
vided during the semester.

Workshop 1:Anchoring inquiry to the curricula
The teachers inspect the aim, goals and
knowledge related to inquiry and argument
tion in the new curriculum, and reflect on how
these are made visible in their current teaching.
They can discuss any barriers, dilemmas and
needs related to the curricula demands. lor
duced, through an example module, is the
three-stage model (scenaridBSE, argumeat
tion) developed by the PROFILES project. This is
used as a reference while discussing how the
different stages can be connected to the aims
and assessment matrix addressed in theeSw
dish curricula. More PARSEpe modules (d-
velop by the RRSEL projectvww.parsel.el
are introduced and the teachers start theopr
cess of ceconstructing their own threestage
teaching.

An example of the threestage model applied
to a module
Stage 1

¢ KS
Read

a 2-géneration
newgpaper  article



http://www.parsel.eu/

Stimulating
student mo-
tivation

about:

EUinitiative to limit the MP3
volumelevel

a young girl with tinnitus due
to MP3music listening

a psychiatrist arguing it is u
to the individual to decide thg
volumelevel

Student graip discussior
about their own habits ang
sound environment and wha
they associate with risk
behavior/environment

Stage 2

IBSE relateq
science
learning

read/seek information abou
what happen in the ear whe
we can hear a sound, whi
can be damage, whatind of
sound environment represen
ing a risk and why, differen
opportunities to protect the
hearing

Sudents investigate their owr
sound environment, e.g. Vo
ume in MP3, from Chplayer
speakers

students investigate their owl
hearing: frequencyange and
lowest volume (use t.ex. phe
http://phet.colorado.edu/en/s
imulation/waveinterference.

Stage 3

Transferring
the science
learning to a
social sitwa-
tion

Discussion about a clgg
disco/rock concert: who &t
cide the volumdevel and
what should it be? Argumen
and counterargument. Ca-
sequences of different déc
sion.

Discuss the scenario: Tk

& 2 K | -geretation

Workshop 25 S@St 2 LIAy 3

Teachers participate itnquiry-oriented activ-

ties, and discuss how to assess and develop
activities that are inquinpriented. Teachers are

urged to test in their own teaching practices.
They also work on developing the centraineo
cepts associated with scientific inquiry eggi-
entific question, control experiment, variable,
hypothesis, and evidence and reflecting on the
use in science contrasted to the pedagogical
use. They continue developing their own dio
ule ¢ starting with a motivational (familiar,os
cio-scientific) actity which leads to the need
for IBSE learning as the heart of the thhigtage
module.

Workshop 3 Creating the learning envino-
ment

This workshop includes: teaching strategies and
skills associated with the learning environment
and inquiry: how to ask pductive question,
help students make focused observation, how
to use dialogic interactiopatterns. The tedt-
ers continue also their work from workshop 2.

Workshop 4 Talking about assessment
Assessment activities and how to assess inquiry
and argumentabn will be discussed. Teachers
finish their design of teaching modules. Reflect
together on barriers and dilemmas. Teachers try
out their own modules in their teaching.

Workshop 5 Presenting, evaluating and e-
flecting stage

Teachers come back to thweorkshop and share
their experiences, with the whole group, about
their implementation of modules. The whole
group evaluates the implementation and redte
tion on barriers and dilemmas together.
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2.43 Active 02° ¢ The Power Drink with Oxygen. A Lesson Sequence in Science
Education for Upper Secondary School
Sabine Streller, Angge Hansen and Thomas the seminar, four groups of students choselbo
Schulteg RWTH Aachen, Germany ways and developed different modules with the
Ftt2gAy3 G2LAO0AY a{l3INBGI

Introduction YAONROAZ2f 23803 aGa¢KS t 2t NJ
The University RWTH Aachen offered thesem Kl 0 AGlF G&a0vs daé& SIFNE O6KSIF NA
Y I NJ &t wlduiky[L&agning in Science-E FYR a! OGAGS hué o631 aSa Ay
dzOF GA2y ¢ G2 LINR &LISOG A @ Spresehtedf od pdstes &rfsl [therk disbliisedAayid i K S
winter term, 2011/12 The aim of this seminar evaluated by all participants on the pservice,

was to familiarize students with the basics of = CPD course at the end of the term. These @val
the PROFILES approach and to guide them in the ations were based on the criteria of the GR
development of modules complying with the FILES approach, which students needed to keep
PROFILES criteria. Students were presented with in mind during their planning phase. There
different ways to plan and develop PROFILES were: high level of student activity, inquiry
learning environments. One possibility was to  based and autonomous learning, references to
critically analyze and revise existing materials, everyday life, communication, central concepts
such as PARSEL or PROFILES type modules, a of science, personal relevance and/or social
other to use everyday products as a starting importance of the content, interdisciplinary
point for inquiryd & SRt S NJ/ A-y 3 ® aspctsNPRRBUES 2070; Batltd. 2011). Add

j dZANBQ 6 a Aby thg Waizmang ( NBEdRalz8r& general evaluation criteria such as
Group during their PROFILES workshop in Tallinn creativity and presentation were used. Finally,
2011) is an approach, based on the idea that all seminar participants agreed in their asses
different products of everyday life are usefulto YSy G GKIF G GKS Y2RdzdS a! OGA
raise and work on scientific questions in class. In  ed best with the PROFILES approach.



Conception ofthe module: ACTIVE O2

The product, Active O2, is oxygenized mineral

water, which is distributed in many European

countries under various trade names. Active 02,

which has been available in Germany since

2001, is sold in plastic bottles, contaiss sta-

ed on the label 50 mg/l oxygen, and promises

to effectively improve performance and provide

an optimum of strength and endurance (website

l OGADGS hwood ! o260t S

In our CPD course, the product, Active O2, is

used as a startinggint for the developed md-

ule. The main goals of the modules are to:

(a) deduce scientific questions from everyday
contexts,

(b) design and implement experiments,

(c) promote communicative competences, and

(d) critically evaluate products from everyday
life and advertigg claims.

The module consists of four phases in total,

which correspond to the threstagemodel

(PROFILES 2010). The amount of time each

phase requires depends on the learning group

and the teacher.

Phase I¢ Analyzing the product, collecting and
grouping questions

In the first phase, students are given time to
explore the product. They should take note of
all questions that come up in their groupo-T
gether, the questions are collected and grouped
afterwards. Depending on the number of e
tions, a diferent amount of clusters are formed.
In our case, we have grouped the participar®
questions into four clusters (sealble 1).

Phase 2¢ Designing and conducting exper
ments to investigate the questions above

In this phase, students are asked to choase
topic they want to examine, thus forming
groups | to IV. Each group is advised to first
think about a strategy to investigate the cgte
tions from their topic. Naturally, some groups
might have problems with the design of their
experiment and the use of @popriate methods
and materials. In order to meet these difficulties

orT

MZnno

Question examples Scientific co-
tent / Cluster

How much oxygen does Active ( I:  Measue-
contain compared to other mi | ment of the
eral watgs? oxygen level
How much oxygen escapes wh

the bottle is first opened?

On what factors does the oxygg Il: Tempea-
solubility in water depend? Is | ture deperd-
necessary to produce Active ( ence of oy-
n2ha spedfigtemperatyre? . || gen sglybility,
"Why is Active O2 recommendg [1l:~ Tmprowe-
during exercise? Is there really 4§ ment of pea-
increase in performance whe| formance
drinking Active 027

How is Active O2 produced? IV: Production

Tablel. Clustering questions concerning the protiuc
Active O2 in four areas (example

and support the students, we have developed
learning aids of different degrees (Staudel
2008). In this case, five envelopes for each of
the groups were prepared and displayed on the
teadk S NI &
to solve the tasks experimentally. The learning
aids include a progression: while the first hints
are seen as rather general, the last envelop-pr
vides the complete instructions for an exper
ment. All of the sugested experiments can be
easily used in school as they do not require
much material.

For example, the oxygen level can be dete
mined with an O2 test kit for oxygen meastur
ment for aquariums. This method can also be
used to determine the temperature depdn
ence of oxygen solubility in water. With a finger
pulse oximeter, testing can show if the water
actually improves the performance as adve
tised. The instrument, which can be bought or
rented in pharmacies, registers the pulse and
the oxygen level of the bbd with a clamp on
the finger tip. During exercise (such as climbing
stairs), students can measure the oxygen level in
their blood before and after drinking Active O2.
The possibilities of producing the mineral water
can be investigated with medical lesost in-
struments. After connecting two syringes gas
tight, pure oxygen is pressed from one syringe
into the other which is filled with boiled water,

RSa1z O2yialAyAy3



and then the oxygen level in the water is nsea
ured (see Borstel et aR006).

Many other experiments and westigations are
possible. With these examples, we wanted to
show some ways in which the questions raised
by students can be answered.

Phase 3; Protocols and Research

After the experiments, the students of each
group write protocols. They evaluate thedx-
perimental results and realize they might have
to research further in order to compare their
results with values from literature. Everyust
dent of each group prepares to present their
research questions and experimental results to

their fellow student® b2¢ 2y S &G SELIRNAGE AFNR Yamp GAYSAa iY2NB 2
each group meets with the experts from the son with what remains unclear). It is also stated

other groups so that new groups are formed. G KIF G ! OGA PGS huw A& aGKS ARS
Each expert informs his fellow students about Yl EAYdzY LISNF2NXI yOSrAy &Ll
their accomplishments. This way, all students tising statements could be tested and évated

will have the same level of knowledge by the  critically¢ on the basis of scientific evidengen

end of the phase. reference to the module work.

Phase 4 Transfer (Selected) References

In the final phase of the module, students work Bolte, C., Streller, S., Holbrook, J., Rannikmae,

in their new groups on a problem in the field of M., MamlokNaaman, R., Hofstein, A,

water ecology. All participants should bring in rRa%JCgégl;/(zobla]?eiizggi?(}ifégg;Zbi;(

thelr knowledgg from previous phases. In order eser?:lZOll_BOLTE—QB.pdf

to find a solution together, tb students are Borstel. G., Bohm, A. Hahn, O., Weltét.

instructed to transfer their knowledge to the OHNNCOUY at28SNBIDFT YAl
new situation. The starting point for the gse textnahe Erarbéung der Ldslichkeit von

tion is a newspaper article that reports on wid Gasen durch kritisches Hinterfragen von

ALINBI R RSIHGKa 2F FAaKd ¢ K IVergegupRPWNG, 69/7. 418419 A a y2 4

to discover the reasons and conditions for those
deahs and work out a solution how the deaths
could be prevented or reduced.

Summary and Outlook

¢KS Y2RdA S da! OGADBS hué
and highly studenbriented planning. As the
students are required to pose and work on their
own questions to a prodtt, they can shape the
lessons according to their interests. The design
and planning of experiments is one important

part of the IBSE approach in general and the
PROFILES conception in particular. The module
we developed takes various degrees of previous
knowledge into account and can therefore be
used flexibly in different grades or heterogenic
learning groups. In addition, either a more ssla
sical scientific discipline or interdisciplinaryued
cation can be put into focus.

The presented module can be expaaidfurther,

for example with a close examination of the
advertisement for this product. The product
Active O2 is considered national market leader
Ay GKS asS3aySyi
troduction. Active O2 is advertised vigorously
and partly with nisleading slogans: The water

PROFILES 201@~vw.profilesproject.eu

PROFILE®eizmannGroup: Materials from CPD
workshop in Tallinn in May011 (pd-
yscript)

Staudel, L. (2008): Aufgaben mit gestuftennker
hilfen. SeelzeFriedrichVerlag.

Wedsie & Acjve 302: http:/for@vwastivepa.ds y
/de/product/active-02-sport

AFf In@2 dzNB R


http://lsg.ucy.ac.cy/%20esera/e_book/%20base/ebook/strand5/ebook-esera2011_BOLTE_2-05.pdf
http://lsg.ucy.ac.cy/%20esera/e_book/%20base/ebook/strand5/ebook-esera2011_BOLTE_2-05.pdf
http://lsg.ucy.ac.cy/%20esera/e_book/%20base/ebook/strand5/ebook-esera2011_BOLTE_2-05.pdf
http://www.profiles-project.eu/

3.1

Working Towards a Common Language for PROFILES Modules

Declan Kennedy University College Corkeir
land

Abstract

If one studies the range of PARSEL modules that
are presented on the PARSEL website
(www.parsel.eu), one is stuck by the wide range
of terminology used to give an indication of the
purpose of each module. Terms such asis
objectives competencescompetenciesearning
outcomes goals knowledge understanding,
etc. are all used to indicate the intentions of the
various authors ofthe modules. In addition,
both within the same module and across diffe
Syl Y2RdzZ Saxr (G4KS GSNxa
often used synonymously.

What terminology should we use in the BR
FILES modules? Should we use aims, orcebje
tives? What does the termmompetence mean?
What is the difference between the term e
petence and competency? Why is there so much
confusion in the literature about the meaning of
the term competence? How are competences
related to learning outcomes? Should the@®R
FILES modules t®igned with the terminology

of Learning Outcomes as used in the Bologna
Process?

This workshop will discuss the answers to the
above questions and will consider the best way
to ensure that there is constructive alignment
(linking of Teaching and Learningctivities,
Learning Outcomes and Assessment) in all of the
PROFILES modules.

Background events

In June 1999, representatives of the Ministers of
Education of all EU member states convened in
Bologna, Italy to formulate the Bologna Agre
ment, leading tothe setting up of a common

European Higher Education Area (EHEA). The
overall aim of the Bologna Process wasne i
prove the efficiency and effectiveness of educ
tion in Europe. One of the main features of this
process was the need to improve the traditain
ways of describing qualifications and quadific
tion structures. As a step towards achieving
greater clarity in the description of qualific
tions, it was specified that, by 2010, all modules
and programmes in third level institutions
throughout the Europan Higher Education Area
had to be written in terms of learning outcomes.

To date, all 27 countries of the EU and 18 other
éBlinkias have gigRed WR  2h8 Bdiohrgc®Q
cess. In addition to these, 45 countries, many
countries outside the Bologna processrea
aligning their educational systems to be cortipa
ible with the Bologna process in order to facil
tate description of qualifications, mutual rego
nition of degrees and mobility of students.

Thus, the Bologna Process has put the focus on
learning outcomesn terms of this concept d»
Ay3a | a02yYyYz2y
ricula in countries throughout the world. Whilst
the Bologna Process was initially targeted at
third level institutions, its influence has now
spread to second level institutions andirpary
level (elementary) institutions. For example, in
Ireland, all syllabi are in the process of being
written in terms of learning outcomes.

How are learning outcomes defined

The traditional way of designing curricula was to
start from the content ofthe course, i.e. tedt
ers decided on the content that they intended
to teach, planned how to teach this content and
then assessed the content. This type qgi-a

f L y3de 3S¢
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LINE I OK F20dzaaSR 2y GKS
assessment in terms of how well the students
absorbel the material taught. Course degwri
tions referred mainly to the content of the
course that would be covered in the classroom.
This approach to teaching has been referred to

| & tehcheBDSY G NBR .| LILINR I OKQ

International trends in education show a ghif
from the traditional teacheicentred approach

to a studentcentred approach, i.e. the focus is
not only on teaching, but also on what theust
dents are expected to be able to do at the end
of the module, or programme (Kennedy et al.,
2006). Hence, this gpoach is commonlyer

F SNNB R oiit@®wmeaod alSyR W LILINE |
Statements calledntended learning outcomes
commonly shortened tdearning outcomes are
used to express what it is expected thau-st
dents should be able to do at the end of the
learning perod.

There are various definitions of learning teu
comes in the literature (Jenkir& Unwin, 2001;
Moon, 2002; Morsst Murray, 2005), but they
do not differ significantly from each other. The
F2ff26Ay3 RSTAYAGAZY
47) of a learmg outcome is considered a good
working definition: dLearning outcomes are
statements of what a learner is expected to
know, understand and/or be able to demo
strate after completion of a process of learning
¢KS WLINRPOSaa 27
an individual lesson or a PROFILES module.

It is important to distinguish between the terms
aims, objectives and learning outcomd@$ieaim

of a lesson, or module is a broad general stat
ment of teaching intention, i.e. it indicates what
the teacher mtends to cover in a block of lear

Ay3dd ! AYa | NB dzadz ff @
point of view to indicate the general content
and direction of the module. For example, the
FAY 2F | Y2RdzZ S O2dz R
to the basic principles of ingqNiE A y
The objective of a module, or programme is
usually a specific statement of teaching inte

6 9 tios. { His! pabfichitidrDaxdbainy Bf Educatiomal p =

0SS Wiz
a0A Sy.OfsaDY Qa

tidnS ile OiKiRINdRa onk ¢fLibdzispedifiy’ &ea® y

that the teacher intends to cover. For example,

one of the objectives of a lesson could be that

W ddéntig would understand the concept of
chemicalo 2 Y RAYy 3 ®Q 2 2 MRz & dzOK
derstandQ W6 S T I Y&t AWNS 4IAGIKdZE Ay
GAGKQ F NB Oa Wiiggyadns andzd SR A
objectives. Bt these are very vague terms. One

of the great advantages of learnimgitcomes is

that they are clear statements of what theust

dent is expected to achieve and how he or she is
expected to demonstrate that achievement.

What are the guidelines for writing Learning
Outcomes?

OTebvidrk of Benjamin Bloom (19£31999) is a
uselul starting point when writing learning ¢u
comes. Bloom identified three domains of laar
ing ¢ cognitive, affective and psychomoteand
within each of these domains he recognised that
there was an ascending order of complexity. His
work is most advanceih the cognitive domain,
where he drew up a classification (or taxonomy)
of thinking behaviours from the simple recall of
facts up to the process of analysis and ewalu

LI

Objectives: Handbook 1, the Cognitiveniain

(Bloom et al., 1956) has become widely used

throughout the world to assist in the prepar

tion of curriculum and evaluation materials. The
taxonomy provides a framework in which one

f S| &\J/ A yAMbuIld iz [RRior de&rding ToA&lEI0p Enbra LIt

complex levels of undetanding.

In recent years, attempts have been made to
NEZAAS .t22YQa ¢l Ezhy2Ye
wohl, 2001), but the original works of Bloom
and his ceworkers are still the most widely
quoted in the literature. Bloom proposed that
sINR S (| B3 VFANBMNAR! RENI G @ yYORENIDR
of six successive levels arranged in a hierarchy
as shown in Figure 1.
AYGiNRRdzOS &iddzRSyia
GFrE2y2Y& Aa FTNBIdS
learning outcomes as it provides a readgpde
A0 NHz2OGdzNE |yR fAald 27
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6. Evaluation
5. Synthesis
4. Analysis

3. Application

2. Comprehension

1. Knowledge

Figure 1. The levels in the cognitiveydb A y 2 F
Taxonomy

of verbs was linted and has been extended by
various authors over the years. Whilst the list of
verbs in a recent publication (Kennedy, 2007) is
not exhaustive, it is hoped that the reader will
find the lists in the above publication to beare
sonably comprehensive.

In this short article, it is not possible to discuss
the rules for writing learning outcomes, but
these rules and many examples are givere€ls
where (Kennedy, 2007). Some examples of
f SINYyAy3I 2dzi02YSa
Taxonomy in the cognitive dorimaare given in
Table 1. Note that each learning outcome begins
with an action verb.

e Locate the main parts of the eye on
model or diagram and describe the fun
tion of the cornea, iris, lens, pupil, retin
optic nerve and ciliary muscle

e Describe and dicuss the impact of ner
biodegradable plastics on the enwiro
ment

e Examine weather charts to observe \ar
tions in atmospheric pressure and rela
these to weather conditions

e Identify good and bad conductors of he
and compare insulating ability of diffare
materials

Table 1. Examples of Learning Outcomes from the
Junior Certificate science curriculum in Ireland

The affective domain deals with beliefs, iatt
tudes and values and the psychomotor domain
covers the area of practical skills. Somerexa

F2NJ O NR2dza |

ples of learning outcomes in the affectiveod
main and psychomotor domains are shown in
Table 2

Affective Domain

e Accept the need for ethical standards
scientific research.

e Display a willingness to participate
group work.

e Embrace a sense of responstlilfor the
environment.

Psychomotor Domain

e Use equipment safely in the schooli-g
ence laboratory.

e Construct simple scientific sketches
geological features in the field.

o Deliver an effective presentation to yol
fellow students on the investigation &b
you have completed.

Table 2. Examples of Learning Outcomes in thecaffe

tive and psychomotor domain
NE | a

2T .t 22YQa

Further examples of learning outcomes, as well
as a discussion on programme learningt-ou
comes, are covered in more detail in a separate
publication (knnedy, 2007).

Learning Outcomes and Competences

In some papers in the literature, the term
GO02YLISGSYOSé A& dzaSR Ay
ing outcomes. It is difficult to find a precisefde
inition for the term competence. The confusion
regarding the termcompetence is nicely suo
marised by Winterton et a{2005) as follows:

GThere is such confusion and debate concerning
GKS 02y OSLi
to identify or impute a coherent theory or to
arrive at a definition capable of accomuaating
and reconciling all the different ways that the
term is used

The confusion is further compounded by the
fact that the interpretation of the term comg
tence varies from country to country. Since
there does not appear to be a common umde

2T WYwO2YLISGSYyOS



standing & the term competence in the liter
ture, learning outcomes have become more
commonly used than competences wher-d
scribing what students are expected to know,
understand and/or be able to demonstrate at
the end of a module or programme. In essence,
learning outcomes bring clarity to what has
0SSy RS&AONAROSR | a GKS
van der Klink, 2002) of competence.

Linking Learning Outcomes to Teaching and
Learning Activities and to Assessment

Science teachers are challenged to ensure that
there isalignment between our teaching met
ods, assessment techniques, assessment criteria
and learning outcomes. Toohey (1999) neco
mends that the best way to help students-u
derstand how they must achieve learningtou
comes is by clearly setting out the assessmen
techniques and the assessment criteria.

It is important that the assessment tasks mirror
the Learning Outcomes since, as far as the st
dents are concerned, the assessme&nthe cu-

NA OdzZCHE Y @ dzNJ & dzRSysiaQ
sessment always definebe actual curriculum
(Ramsden, 2003). The linking of the learning
outcomes, the assessment and the teaching and
learning activities are commonly referred to as

fly3ada 3SQ (KFG KSfLA dza (2
at local, national and international levels.
International trends also suggest science eauc
tion embraces a range of learning attributes,
going beyond the learningfaognitive science
and skills. PROFILES addresses this through the
AyOfdzaazy 2F WSRdzOFGAzy 0
Gclealdy leagningdAtgdb DS haied to bé indudled in o
the range of intended learning attributes
through learning within science lessons.
The requiement to make the teaching and
learning process more transparent and more
explicit presents a challenge to all of us involved
in science education. The adoption of the lear
ing outcomes approach has the potential to help
us to embrace a more systematic appch to
the design of PROFILES modules.
This workshop strives towards making reco
mendations to the consortium on the inclusion
of learning outcomes, the manner in which they
are written and the scope of coverage intended.
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3.2

Analyzing PROFILES Data Using the R-Commander

Thomas Miuhlenhoff and Vincent Schneidger
Freie Universitat Berlin, Germany

Introduction

Quantitative methods are getting more and
more importantfor researchers in the field of
science education. They are mainly used in
evaluations of interventions and in develo
ments of measuring instruments. Therefore it is
essential for researchers and their students to
make use of these different methods angdpdy-
ing statistical software solutions to do their
analysis.

In this workshop we presemjuantitative ana-
lyzing applications by using the Op&ource
Software R and the-Bommander. Especially we
want to show how toanalysePROFILES MoLE
data sets. At th beginning of the workshop
there will be a short introduction into the inte
face of R and ®ommander and the basics of
quantitative analysing methods Afterwards

participants will have the opportunity to analyze
a specific MoLE data set.

All in all, we Wl have a closer look on how to
enter the data in spreadsheet software likg-E
cel or Open Office Calc read it into- R
Commander and calculate statistics and new
variables.

R and SPSS

Many people know the statistical programming
language "S" which is us@uprograms like SPSS
and SAS. This is the typical software for empir
cal analyses in many research groups.
However, there are some disadvantages dof-th
se programs. First of all, such programs are
quite expensive, which makes it difficult for
some reseate groups to afford and in addition
for some students as well, who have been
trained to use this software. Another diba
vantage is the time in which new developments
in statistics are implemented into the software.
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is completely free; it is an OpeBource sdf Adler, J. (2010R in a Nutsheb m® 9 R® 0 @
gL NBd 1 ye2yS OFly 6NARGS &a2Medd tf SR aLJ O1F3Saé
which can include different kinds of statistical ~ Bertels, N., & Bolt€.(2010). Occupational

algorithms. Many statisticians all over the world _Orlentanonc A Fore'gn Concept to @in-
istry LessonsProceedings of the Annual

do that, so there is an abundance of packages Meeting of NARSTPhiladelphia, USA,
for the standad algorithms and new devete March2010.

ments are implemented very quickly. Bolte, C. (1995). Conception and Application of a
The main reason why many researchers still use Learning Climate Questionnaire based on
commercial software is that they are used to it, Motivational Interest Concepts for Cime

they can afford it and it is more user friendly. istry Instruction at German SchoolBL
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or writing small scripts likéhe Syntaxin SPSS. Fox, J. (2004). Getting Started With the RnCo

Most people like to use their programs in a mander: A BasiStatistics Graphical User
graphical interface with their mouse. This is why Interface to RJ. Statist.Software 14(9),
we use one of the several graphical interfaces 1-42.

T 2 NJ tilevR€ommander (see Figure 1). Luhmann, M. (2010)R flr Einsteiger: Eirtféi

rung in die Statistiksoftware fir die $oz
alwissenschaften. Mit OnliAglaterialien
(1. Originalausgabe Beltz Psychologie

The advantages of the distical programming
language "R" are that it is for free and almost

anything which is possible in programs like SPSS Verlags Union.

is also possible in "R". Many users arenco  QuickR: Home Page(n. y.). Accessed August
cerned about the graphical interface. In SPSS 20, 2012, from  http://www.stat
you can choose most commands by clicking methods.net/

Vembles, W. N., Smith, D. M& Team, R. D. C.

through menus, only in few cases you have to . :
(2002). An introduction to R Network

write the syntax y(.)urself.'"l'«f" Its_e_lf 'S purensy Theory. accessed from http://www.math.
tax commands. Since this is difficult for many vu.nl/sto/onderwijs/statlearn/R
researchers, we are going to use theatkage Binder.pdf

Gw 2YYFYRSNEZ GKAOK A& ol aaolrftfte | 3INILKAOLf
user interface which allows icking through

menus using the mouse.

There are a lot of tutorials avaible for the R

Commander on the internet. "Getting started

with the RCommander"(Fox, 2004)s a good

example.

If you want to learn how to use R without a

graphical user interface, a good place to start is

"An introdudion to R" (Venables, Smith, &

Team, 2002)

A very easy to understand german book would

be "R fir EinsteigerlLuhmann, 2010)

A wonderfully organized simple online introciu

tion is availabe atwww.statsmethods.com

6avdsAYOl 2YSnyd I 3Sa =z

If you would like to get more serious about R,

the book "R in a Nutshelll{Adler, 2010)is a

musthave.
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The Use of Robotics in Inquiry-based Science Education

Bulent CavasYasemin Ozdem and PirGavas;
Dokuz Eylul University, Turkey;
Jack Holbrook ICASE, UK

Abstract
In many research reports, robotics is seen as
intellectually rich and a popular science and
technology activity to reach goals defined in
many science curricula. Robotics applicat
include mainly handsn and mindson activities
that are an essential part of science teaching
and learning, yet are largely being left out in
many national science curricula. Robotised
education offers students multiple opportunities
to design, lild and program a robot within the
learning of science topics. The aim of this kvor
shop is to show participants how robotics can
be integrated into a science course to increase
a0dzZRSyGaQ Y2GA0 GA2¥
ing. The Lego Mindstroms NXT XKiis will be
used to build robotics in the workshop. The
main science learning will be reflection of light
at the grade 6 and 7 level. The activity will build
on previous knowledge on:
¢ Reflection when light encounters matter
e Light absorbed by matter as asult of n-
teraction between matter and light
e More light being absorbed by dark objects
The workshop will include the construction of
robots which are able to read different wav
lengths of light using a light sensor. A scenario is
used based on traffic acents and the sal-
tions for eliminating traffic accidents will be
posed as a sociscientific problem. The various
tests are carried out on the constructed Robots
(designed as a model car) to seek ways te-pr
vent traffic accidents. It is expected partiaigs
develop important ideas about preventing tra
fic accidents which are the most important
problems in some countries like Turkey. It also
provides opportunities for participants to test /
O2yGNRt GKSANI NRPo20QA
different-colouwred roads.

An equipment constraint means that only 25
participants will be accepted for the workshop.
It is expected participants are able to use a
computer at a moderate level.

Introduction

Many countries have tried to develop and-re
design their sciere and technology curriculum
to accomplish the goal of being scientifically and
technologically literate students. Although the
SNy WAOASYGATAOIt &
could be defined in many ways, many deéfin
tions include utilizing appropriateevidence
based scientific knowledge and skills, ability of
problem solving in daily life and making dec
sions in sociscientific issues (Holbrook Ran-
nikmae, 2009). Since science is an integral part
of daily life, most science classrooms suffer from

I YSRIR SySiais NI 2560 AASYYIOSNBtadil NJy

shown that if students do not link betweenisc
ence taught in school and daily life, they do not
want to choose a career related to science and
technology (Smithers & Robinson, 1988; Cavas,
Cakiroglu, Ertepinar& Cavas, 2010, OECD,
2010).

The use of robotics in educational settings has
assumed great immrtance in recent yearslhe
development of the technology has led to wili
ing robots applications in classrooms. The r
search literature regarding robotics @ducation
suggests that robotics can be used to engage
students (Barnes, 1999; Mauch, 2001; Nou
bakhsh et al., 2005; Robinson, 2005; Rogers &
Portsmore, 2004; Miller & Stein, 2000), to teach
scientific and mathematics principles through
experimentation (Rgers & Portsmore, 2004), to
promote maths and science careers (Barnes,
1999; Rogers & Portsmore, 2004; Miller & Stein,
2000), to develop problem solving skills (Barnes,
1999; Mauch, 2001; Nourbakhsh et al., 2005;

a RoBigs@n, 20R5S fRogarsi & ENBMPIS.t 2004);

and to promote cooperative learning (Nou
bakhsh et al.,, 2005; Beer, Chiel, & Drushel,
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1999) (cited in Barker & Ensorge, 2006). Many
schools and educational institutions provide
learning environments for children that allow
them to build their own computecontrolled
robots, using programmable construction Kkits
such as LEGMINDSTORM&nd LEGO &-

h[ ! . u-bade® prpgramming software.
These technologies allows children to build- a
tonomous robots that can solve fairly soplist
cated tasks such as locating areimoving -
jects from a defined space. The roots of the
Lego instructional material are based on Jean
Piaget's theories of cognitive development
(1966), as revised by Seymour Papert (1980;
MpycO® ¢KS OSy(lNIf
the development & a constructionist lear-
ing/teaching environment that provides children
with the possibility to interact with technology
on a number of different levels (concrete to
abstract). In this approach, students are the
centre of all kinds of activities and thextend
their knowledge through the manipulation and
construction of objects.

In many research reports, robotics is seen as
intellectually rich (Barnes, 2002; Beer, Ché&l
Drushel, 1999; Chambers & Carbonaro, 2003;
Weinberg, White, Karacal, Eng&l Hu, 205)
and a popular science and technology activity to
reach goals defined in many science curricula.

Robotics applications include mainly harais
and mindson activities that are an essential
part of science teaching and learning, yet are
largely beingleft out in many national science
curricula. Robotics based education offersi-st
dents multiple opportunities to design, build
and program a robot when they are learning
science topics. According to Sullivan (2008),
there are strong relationships betweendlgoals

of scientific literacy and robotics. She further
mentions that four of the six thinking skills cha
acteristic of scientifically literate people are key
elements for robotics studies. These charaderi
tics are defined as: computation, estimation,
manipulation and observation, in her study. She

ARSI

continues that science inquiry through both
technological design and computer progra
ming activities has positive effects for students
to learn science concepts better.

Another important study by Chambers, r€a
bonaro and Murray (2008) at elementary level
was carried out to explore the effectiveness of
robotic technology with elementary age thi
dren, specifically focusing on the children'sieo
ceptual development concerning gear function
and mechanical advantag&hey found that the
NPo20G aSaaizya KSfLISR
derstanding of gear function in relation to the
dirécfon of tulniSgNdEldbive spedsl Zasd nixibér
of revolutions.

As a result, technology alone does not affect the
students' cognitive andfective skills and a&

not provide learning directly. Appropriate ed
cational philosophy, curricula and learning env
ronments are some of the important factors
leading to success. For this reason, all teachers
and educators need appropriate teaching ret
ods to be formulated for using robotics in &d
cation.

LEGO Mindstorms

[ S32 aAyRadG2Nxa o1 &
studies at the MIT Media laboratory in 1998.
Lego Mindstorms is a line of programmable
robotics/construction kits and include 619 pie

es, suchas programmable sensor blocks (touch,
light, sound and distance) and the NXT Iiell
gent Brick. The first version of Lego Mindstorms,
Robotics Invention System (RIS) was released in
1998, another in 2006 named Lego Mindstorms
NXT, and the latest versionntitled Lego Mirdl-
storms NXT 2.0, released in 2009. This latest
version of the robotics kits with programmable
bricks, such as Lego Mindstorms NXT 2.0 and
PicaCrickets, provide students with the ability
to control the behaviour of a tangible model by
meansof a virtual environment and to conduct
science experiments, in which young students
can investigate a socio scientific issue using their
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scientific process skills, both in and out of the
classroom (Resnick et al., 1996). For example, a
young student strggling in science and maths
courses might focus and concentrate on the
mathematics and science skills needed t@-pr
gram a robot that will move in a desired manner
(Rogers, 2010; Garrigan, 1993).

The Workshop Programme
In the workshop, the following actiiés will be
carried out for the teachergsee hble 1)

Proceedhgs of 3' ICASE World Comfe
ence, 3739, Tartu, Estonia.

Chambers, J.M. & Carbonaro, M. (2003). Desig
ing, developing, and implementing a
course on lego robotics for technology
teacher educationJournal of Technology
and Teacher Educatipthl, 209241.

Chambers, J. M., Carbonaro, M. & Murray, H.
(2008). Developing conceptual urrde
standing of mechanical advantage
through the use of Lego robotic techioel
gy. Australasian Journal of Educational
Technology24(4), 387401.

The name of the activity The type of activity Time Expert
Introduction to the use of Robotics for Inquir Lecture 30 min Yasemin OZDEM
Based Science Education

Introduction to the Lego Mindstorm NXT 2.0 Lecture 30 min Bulent CAVAS
Building a demo robot to learn properties { Handson activity 30 min Bulent CAVAS
Lego Mindstorms NXT 2.0

Programming robot Handson activity 30 min Bulent CAVAS
Sociescientific issues and the use of robots Lecture 30 min Jack HOLBROOK
Working on a socigcientific problem with] Handson activity 30 mn Yasemin OZDEM
Lego Mindstorm NXT 2.0

Table 1. Workshop programme

The Prerequisites for participants

The participants will work with robotic appdie
tions and computer software. It is expected
participants are able to use a computer at a
moderate level. This does hanean that the
participants must have advance level computer
usage ability.
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Social Software in Primary Teacher Education ¢ Collaborative Learning with

ICT in Science Education

Sirpa Karkkéainen, Anu Hartikainéhia, Tula
Keinonen and Kari Sormunen University of
Eastern Finland, Finland

Introduction

Nowadays, young people get most of thair i
formation through information and commurae
tion (ICT) technology. This is &allenge for
Finnish teacher education and Universities need
to place particular emphasis on instructing the
use of social software and mobile technologies,
which up to now have had only a minor role in
university studies (Valtonen et al., 2012). The
field of social software covers hundreds of
online tools intended for different purposes:
social games, communication tools, file sharing,
blogs, social networking, video sharing, cafiab
rative authoring, image sharing, calendaring and
social bookmarking (Whit2007).

These days, collaboration seems to have a-ce
tral role in teaching and learning with ICT (e.qg.
Alexander, 2006; Ferdig, 2007; Looi et al., 2009;
Scardamalia and Bereiter, 2008). Both in teacher
education as well as in Finnish schools, the goal
isto use ICT for developing teaching and fear
ing methods and supporting the skills required
of citizens in our information based society. In
the context of science education, severaé-el
ments of social software are suitable forpsu
LJ2 NI A y 3
online, as well as in fade-face teaching sitar

tions. These elements provide users with an
active role as creators and publishers ofh€o
tent. Its users are able to produce materials
2yt AYyST LINPOARS FSSROI
and in particular, create opportunities for oo
municating and collaborating (Valtonen et al.,
2012; Cres& Kimmerle, 2008; Dron, 2007; fFe
dig, 2007).

Social software provides different platforms for
collaborative activities, supporting the building
of teaOKSNJ aiGdzRSyiGaqQ
classrooms, for field work, as well as on online
courses. As resources for further learning, these
provide the possibility to capture, arouse and
AKI NB
gaps, unique interpretatios, and their opinions.
Teacher students can express their ideas and
thinking by writing, taking pictures or videos in
different learning situations, ranging fromcle
tures to work practices and then share them
with their peers and teachers. This also opens
up interesting opportunities for teacher edac
tors to get a better understanding of teacher
A0dzRSyGaQ fSFENYyAy3a LINE

Using Google tools in field work courses
biology and geography

hy (S OKSNJ addRRSyGaqQ
used Google Site, Ggle Docs and Google Blo

i S I oIk fvedléadiRgS Y U geas tools for inquiry and collaboration. The

main idea was to use this social software for
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building shared knowledge about the forest
ecosystem. The field work course was cortduc
ed during the autumn of 2011 at the University
of Eastern Finland, an obligatory course of Ibio
ogy and geography students. dlcourse co-
sisted of lectures (2 hours) andlso teacher
studentsworking in groups in the fie|das well
as in the classroon24 hours) It comprised of
three phases: a) field worko) laboratory work
(analysis of empirical data), c) repodnd
presentation of the main resultsThe partic-
pants were 98 secongear primary school
teacher students who were enrolled in three
science education courses.

Collaborative inquinpased learnmg approaches
and field work aim to encourage primary school
teacher students to gain a deeper understian
ing of scientific evidence of forest ecology and
its abiotic and biotic elements. The field work
course mainly focuses on developing science
process sis, the biology and geography rco
tent as well as pedagogical knowledge. Caltab
ration took place between the teacher student
groups, as well as with the teachers.

Using Google Sites and Docs

Google sites were used as a common platform.
The Sites were awstructed so as to present the
students” learning process from the beginning
i2 GKS SyR 27
first main page, students were able to find the
field work learning goals, schedules, research
problems, the maps of research areasdain-
structions for data collection. All the important
instructions were easily available to theust
dents on the Sites.

The second of the platform pages included i
structions on how to handle and analyzensa
ples in the laboratory. These pages had their
own subpages which were named according to
the research topics (the soil of the research
area, plants of the research area, invertebrates
of the research area etc.). Students also wrote
the results of their sample analysis onto these
pages. For this purposdéhe pages included
common spreadsheets, where students filled in

the results of their sample analysis. The spgkea
aKSSia o6SNB YIRS 4A0GK
and were connected into the Sites” pages. The
spreadsheets calculated the average values in
real time which enabled the students to see
how the values changed when they filled in the
columns. This seemed to stimulate students’
discussions and thoughts about the sample

analysis results. These pages also included links

to the Google Blogger, which was dsir ara-
lyzing plant data (see next paragraph).

From the third of the main pages, students and
teachers found links to the students own web

D223

LI 3Sad 2A0K GKS dzasS 2F D2z
each group made their own web pages. Here

they presented their ressrch work and results

with pictures, tables and figures, which had

0SSy YIRS YlIAyfteée oeét dzaiAy3

ware. The students” own Sites served asa r
search report which, in this form, can easily be
shared within the learning community. The
fourth and last of the main pages included
3dzA RSt Ay Sa
they wrote about on their own web pages. This

gave the teachers easy access to read about the

aldzRSyiaQ NBETESOGAZ2Yy®

Use of the Google Blogger
The Google Blogger was used iarplidentifia-

graphs during the field work and linked them
into a collaboratively formulated plant blog.
Each photo was labelled with the following tags:
forest site type, level of forest (tree, shrub, field
and ground layer) as well as the name of the
species.

Teacher students used this collaboratively-fo
mulated plant blog and its tags when theyaan
lyzed the data of vegetation armeported their
results on the Google Sites. With the aid of tags
they estimatedthe tree layer structure as well
as the covering shrub, field and ground layer.
They used the tags when they reported which
plant species and forest site types occur more
frequently than others. They also reported how

T 2eRdctien i wbRIS y G & Q
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structure and why different kinds of plants
could grow in this particular area. Teacheu-st
dents used blogs and tags to present theinco
clusions in suitable ways, as well as discussing
the limitations of their inquiry.

We are discovering that Ggte Sites can work
well as a main platform which connects three
different social software tools (Google Docs,
Google Blogger and the students™ Google sites)
together. From the Google Sites, users are able
to move to the students” Google Sites, Google
Docsand Google Blogger. We think that social
software provides new opportunities for lear

ing and new ways of working for the field work
course. Because our field work course is based
on inquiry learning, the data collection, data
analysis, graphing and reporg, play a central
role. We find that different software can pu
port students in the design of data collection,
logging data in the laboratory or field, analysis
of data, as well as reporting on results. Tagging
helps the teacher students to draw genecah-
clusions as it is not possible for them to examine
every plot or the entire sampling area. Tagging
encouraged teacher students to think about the
connections between the main conceptnd
consider why a particular concept is being used
both in the fieldwork, as well as in the report.

The Use of Wiki Confluence in the exper
mental learning of chemistry and physics

The experimental nature of science learning is
important; this is emphasized in primary teacher
education in our department. This particular
course, Basics and Pedagogy of Chemistry and
Physics 4 ECTS, consists of lectures (10 in all, 2
hours each) and weekly laboratory work (12
times, each session lasting 2 or 3 hours). The
challenges which result from limited times-r
sources, the extensive otent together with

the social nature of learning, have led us to
think about how we can rerganize laboratory
practices. There are 120 firgear student
teachers working in 6 laboratory groups. Each of
the groups consistof 5 teams with their own
weekly experimental assignments. The topics

covered during the weekly laboratory work-i
clude the basic phenomena in mechanics,rthe
modynamics, optics, electricity and magnetism;
planetary motions and eclipses; chemicahto
pounds, solutions and dissolving, chieal rea-
tions, acids and bases.

The use of Wikis in laboratory work documant
tion offered an environment in which the wst
dent groups are able to produce a collaborative
package when reporting on their experimental
work; this can then be made available toe
other teams. Wikis is a form of multimedia that
enables interaction between texts (i.e., pka
ning, setting hypotheses, presenting data, and
drawing conclusions), photos (e.g., depicting
experimental settings and equipment, pregen
ing data with drawingsetc.), videos (authentic
documentation of experiments and phenem
na) and links (e.g., to further information, stm
lar experiments documented in YouTube or
simulations and applets). Furthermore, Wikis
enables the giving and receiving of comments
and feedlack amongst the student teams.

The software implemented on the course is Wiki
Confluence, which is used at the University of
Eastern Finland. Its advantage is that oun-st
dents can use their university username and
password, and the university offers tegbal
support.

Preliminary findings from this pilot course have

been positive. Putting dcumentation into a

Wiki environment forces student teachers to

discuss the whole experimental process 1tho

oughly, before publishing it. It is also a design

process, gthering things together into an env

ronment which is then made available to others.

¢tKAad AYONBlIasSa GKS GSrkyaQ
the product and enhances their working gpr

cess. Furthermore, Wikiased reporting n-
ONBIlIasSa GKS GSFkyQa sO2YYAQY
bixGey GKS G4SIya ySSR (G2 oS
20KSNDRE 62N)] =X 06SOI1dzasS (KS
YIFE22N) LI NI 2F GKS aiddzRSyd
during the course. The pages are available to



the students throughout their studies in teacher
education, e.g. lso during their teaching pra
tice.

Concluding remarks

Primary student teachers reported that they
have learned about the usage of ICT in science
teaching and learning. They considered learning
the use of ICT and other forms of social software
in their sudies, to be important because they
saw them as soon becoming a reality in schools.
Conversely, some student teachers saw ICT as
taking the main role in science learning; they
were worried that natural phenomena and rco
ceptual learning might become marginahen

Looi, C.K., Wong, L.H., So, H.J., Seow, P., Toh, Y.,
Chen, W., Zhang, B., Norris, C. & Soloway,
E., 2009. Anatomy of mobilized lesson:
Learning my wayComputers & Education
53 (4), 112a1132.

S@ardamalia, M. & Bereiter, C. 2008. Pedagog
cal biases in educational technologies.
Educational Technolog¢8 (3), 311.

Valtonen, T., Dillon, P. Hacklin, S. & Vaisénen, P.
2012. Net generation at social software:
challenging assumptions, clarifying ael
tionships and raising implications for
learning. International Journal of Edae
tional ResearchAccepted for publication.

Webb, M. 2010. Technologyediated learning.

In: J. Osborne and J. Dill¢ads.) Good
practice in science educatioBerkshire:

Open ULhiversity Press,.[158182.
2 KAGSE 50 wnntTod wSadz i 27
{ dZNBBSe ¢ dzy RSNIilF 1Sy oe

having to concentrate mainly on managing
computer problems.

4w

The use of social software also appears tp-su
port common knowledge construction. Social
software particularly offers easy ways foc-a
cessing and sharing information. Research also
suggssts that the benefits of using computers
for data logging include saving time, am-i
proved ability to interpret data, an increased
focus on studenstudent integration and inte
action with the computer that could support
deep learning (see Webb, 2010).
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3.5

Science-Technology-Society (STS): Challenges and Chances

Peter Labudde University of Applied Sciences,
Northwestern Switzerland

In various countries, SciendechnologySociety
(STS) is taught as a schaubject. It is a so
called integrative, or interdisciplinary approach
to teach biology, chemistry, earth sciences, and
physics, not as separate subjects, but in ONE
subject ¢ including society and technology.
What are the challenges and chances of such a
subject? What are the characteristics of inte
disciplinary teaching? How is STS relatednto i
quiry-based science education? In the workshop
we will discuss these and other questions on the
ollara 2%
rolcand inttfS T dzii dZNB K Q
fFriAy3 GKS
Most of the examples and the underlying theory
are part of the Swiss curricula. Switzerland, the
home country of the presenter, has a long trad
tion of STSeaching at all chool levels, in pa
ticular in lower secondary school (grade®)7
The following topics will be discussed in the
workshop ¢ always on the basis of providing
concrete examples.

Arguments for a ST8pproach

There are seven arguments and objectives of

STSTeaching and interdisciplinarity, respeetiv

ly (Aikenhead, 1994; 2005; Bennett, Lubben &

Hogarth, 2007; Labudde, 2008):

1. ¢2 AYydS3aINFXGS &aiddzRRSyl
guestions, i.e. to implement a constructivist
oriented teaching style.

2. To motivate students ahto increase their
interest in science.

3. To prepare students for tackling complex
problems, eveng in the long term¢ key
problems of mankind, like the ozone
problem, the change of gender roles, or the
gap between poor and rich countries.

4. To prepare studets for their professional
live that has, in many cases, interdisciplinary
characteristics.

5. To teach and cultivate interdisciplinary skills,
like sophisticated and differentiated thin
ing, or tolerance of ambiguity.

6. To be able to gather and judge informatio
in the age of ICT (information and comam
nication technologies).

7. To teach science for both boys and girls, i.e.
to reduce gender problems in particular in
physics and chemistry.

Different categories of interdisciplinarity
Interdisciplinary has becomewague word and
a dazzling term. It is not a welkfined concept.
The variety of words, like intertrans, plurk,

AaLISOATAO SEI YL and intadseipliad leatty tb Goafusiborh | S Wt
2 Ng- W. f \@e2tiy to yNtBimiza diffeddnt fordd of intesdi
LIS NBR LIS Ol A @S & ciplinrityYuSdd hetelayaSyenkeri¢ ermLIK & 4 A 04 Q@

One can distinguish various categories of iinte
disciplinarity: on the one hand at the level of
content and on the other hand, at the level of
school subjects. The last includes two types of
interdisciplinarity:
I) an integrative school subject like STS;
Il) an additional subjet like Problem Based
[ SFNYyAy3s
dition to the separate subjects biology,
chemistry, and physics.
Categories on the level of content include three
types of interdisciphiary instruction (seeigure
1):

intradisciplinary

multidisciplinary

problem focused
{interdisciplinary
in a strong sense)

Hgure 1. Three types of interdisciplinary insttioa

2NJ WLYyihn&NRAAOAL



e Intradisciplinary: Relating one bu . =g =7k
i i categories: level of contents multidisciplinary
ject, A to another subject, B (a one | :
directional link), i.e. when teaching

_problem focused

to ask once
drugs in biology, linking the topic with e
chemistry. , cooperation of teachers |  joint preparation
e Multidisciplinary: Linking two du Ime ol ey sebecL) \_team-teaching
jects, A and B (a ddiirectional link), ) ‘ \_ joint examination

i.e. sports and physscwithin a teab- ‘
Ay3a dzyAld WEHEdAdaE ONGAdzZAZI. F2NIAdzAY y2 A
AGakQ |
e Interdisciplinary in a strong sense: Figure 2. Two branches out of 16 of the mimiap on
dealing with a problem like the Q fegisciplinary teaching
greenhouse effect by including,
among other subjects, physics, el not ONE way to teach STS. Teachers find the
gy, and political science. mind-map extemely useful when preparing and
analysing interdisciplinary (science) teaching
AmindY I LJ WA y (i SSNRASIFOO\KLAT yAT/Q unils.
Does interdisciplinarity always mean team
teaching? Is project learning the main, or even  Inquiry-based science education and STS
the only teaching method in STS? Is the asses Some 6 the main objectives of inquirpased
ment in STS mainly formative and less suanm science education (IBSE), as promoted b@-PR
tive than in traditional school subjects? FILES, are that the students should be able
The answersto alla®y 2 Qd h ¥ OB dzNE(BROFILES, 2018, p.LD):a &
ble, that interdisciplinary approaches include e To ask highevel questions (especially to

team-teaching, project learning and formative initiate inquiry) and hypothesize solutions for
assessmen but it is not a necessity. tackling unstved experimental problems.

In order to illustrate the different kinds of inte e To solve scientific problems (experimentally
disciplinary approaches, teachers and sci using the range of process skills and/or using
educators can develop a mind map (Labudde, suitable secondary sources).

2008; Labudde et al., 2004). In the centre of the e To interact professionally, including coltab
YELI FNB Wwa$ yR Yé 4dzo 2S@tiveyGhatRswietgs Sith thsiypéesd =

several branches are drawn, each of them b community membersor experts.

longing to one of seven dimensions: These features are part of the broader 5E model

1. categories (see above); of Bybee et al. (2009), which includes: ergag

2. content; ment, exploration, explanation, elaboration, and

3. skills; evaluationg so-called 21" century skills. The key

4. role of the teacher; ARSI 2F (GKS p9 VY2RSt Aa

5. teaching methods; throdzZZ K AYIljdZANBEQ® ¢&LIAOFE &S
6. assessment; on the 5E model and on the IB8@proach in

7. open dimension. PROFILES respectively are (PARSEL 2012):

R ] o e Champagne how much can you afford? =
CAIdzNB v Affdz@aUNFUSE 002 L%re_irisﬁ'fe@r%nt.é NI yOKSaz WOl usS3

NASaY 505t 2¥ ORYy W24 QCanél %n%tsmy Eygs% go%v(’do s'i:ié[ntisins 0
operation of the teachersThus the minemap serve

can illustrate and classify differekinds of n- « Chitosan Fat Magnet?

terdisciplinary teaching. It can show that there is



Many of these and other IBSE examples show
typical features of interdisciplinarity: the poe
lem, or question can only be answered on the
basis of two or more disciplines, e.g. biology,
chemistry, political sciences, ethics. In order to
reflect on the prdolem one has to gather and to
combine information from different disciplines.
It is necessary to put together factual andopr
cedural knowledge from more than one disc
pline.

Within PROFILESygLiry-based Science Edaic
tion (IBSE) and the S@fproach, asa parady-
matic example of an interdisciplinary science
education, are strongly related. One determines
and requires the other, and vieeersa.
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3.6

PROFILES Modules of Best Practice

Jack Holbrook; ICASE (Internamal Council of
Assoa@tions for Science Educatjotuk
Miia Rannikmae; University of Tartu, Estonia

A major source of IBSE related PROFILES-teac
ing modules, taking into account student eel
vance and hence striving towards strong student
motivation, ae the 54 modulegleveloped u-

der the PARSEL projeetvgw.parsel.e). How-
ever, Work Package 6 in PROFILES envisages
teachers providing evidence of ownership of
PROFILES ideas. The development of further
PROFILES modules one such source of ev
dence.This workshop is about developing tho
ules that enable teachers to undertake inmev
tive and motivational classroom teaching, while
offering one approach to meeting the owne
ship intentions of PROFILES.

The workshop has 3ages:

1. Presentation of the underlying theoretical
constructs and structures.

2. Examining modules and the includednzo
ponents.

3. Developing a scenario and the IBSE science
guestion(s) derived from the scenario.

Introduction ¢ the PROFILES intentions

The inention is to promote best practice. But,
of course best practice needs elaborating-b
cause it would appear that best practice iri-sc
ence teaching is not universally identified in the
same way. Furthermore, in the PROFILES co
text, best practice is not argyle concept, but is
seen as encompassing a range of attributes,
some of which are specific to the teaching of
science subjects. A preliminary list of sudh a
tributes highlight at the lheoretical and practice
levels:

Theoretical
1. A social constructivistpproach to inquiry
based science education.

2. Interdisciplinary learning related to cogn
tive, person and social development and an
appreciation of the nature of science.

3. ¢KS LINBY2GA2Y 27
{OASYyO0SQ O2yOSLiio

4. Recognising the need for incling Edua-
tion for Sustainable Development.

5. Striving for competencies related to acting
autonomously, using tools interactively and
functioning in socially heterogeneous
groups (OECD, 2005) and the promotion of
21% century skills.

iKS

Practice

6. The teacher eting as a professional, willing
to reflect on his/her practice.

7. Stimulating and sustaining student intrinsic
motivation and student centred learning
environments.

8. Developing scientific problem solving and
socioscientific decision making skills.

9. Encouragig the self deermination and sek

efficacy of students.

Ensuring safe practices and developing the

capability for risk assessment.

10.

The PROFILES approach and hence PROFILES
modules have the above targets in mind. This
workshop examines selected modulesdadis-
cusses the manner in which the above arenide
tified and promoted. Underlying each PROFILES
module, in promoting the above, is the unique
PROFILES design structure, based on a 3 stage
model, although the teaching is enacted as one
continuum. Thus, thenodel is first explained as

a major innovation, which drives the teaching
sequence and flow from a theoretical consider

tion and a practical action.

In the model, stage 1 seeks to:

Theoretical construct. Evoking the intrinsic mot
vation of students

Motivation is seen as the key to learning via
PROFILES and major steps are needed to ensure

W9 F
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science teaching is relevant and far from being
boring, a problem identified in science teaching,
especially at the junior secondary (grade®)7
level (EC, 2007; Osbuwr et al, 2003). While
teacherdriven (extrinsic) motivation is rege
nised as very important, there is often too great

a reliance placed on the teacher in this respect.

PROFILES modules thus strive to support the

teacher by attempt to directly evoke stude

intrinsic motivation by:

e Putting forward a relevant, meaningful and
well understood title.

e |Initiating a scenario that has a local social
context which has relevance for theust
dents.

e Evoking an emotional response fromust
dents by addressing a concerssiie or m-
teresting situation.

The modules thus begin in a familiar sociah-co

text, which can be used to stimulate a science

learning need on the part of students. This is
not easy to achieve of course and possibla-re
sons for this are:

e Lack of an awaresss of situations which are
relevant to students.

e Difficulty in putting forward a scenario
which is sociescientific (this differs from
science being applications within society
e.g. using paint on rusted iron railings;
sound reflection via echo locationylbats;
rate of change of distance with time shown
by the velocity of a car).

e Ensuring that the science learning, ste
ming from the scenario, is within the wst
RSydaQ tSIFNYyiAy3a y8SRa
dents involved (it is within the intended cu
ricuum2NJ gAGKAY (GKS
capabilities).

Practical constructJsing a Scenario

Students are first exposing to a stimulating title
(usually via a handout, but this could also be by
showing powerpoint slides, etc) and, secondly,
by a motivational suation, story, activity and so
on, which, in PROFILES, are cdllebt labelled

as the scenarioThe title is carefully worded to
entice the students to become involved with the
scenario. The title avoids the use of unfamiliar
science words so that thecience learning is
not, as is the usual textbook approach, made
explicit at the beginning. In striving for familiar
ty, the title is most likely to adopt a societyg-f
cus, often being expressed in the form of a
question.

The scenario is not, in itself, alothe learning

of conceptual science, but an attempt to lead
towards student appreciation of the value in
learning the scientific ideas that will follow.usSt
dent identification, with the scenario and st
dent involvement in reflecting on the scenario,
is amajor feature, with the scenario itself fia
ing a scientific underpinning. Students are e
posed to the intended learning by means of a
KFIyR2dzi 66KAOK AY
aidzRSyiaQ FyR AyOfdzRSa
and intended student tas}.

Step 1 continued¢ Building on the intrinsic
motivation to derive the need for science
learning

Theoretical constructTransferring intrinsic
tivation to the science problem.

Motivation drives the reflection and discussions
on the scenario and allosvidentification of the
underlying constructs initially understood by
students (these may be social and/or scientific).
Motivation also allows further identification of
unknown scientific constructs, related to the
scenario, as well as allowing students pat
forward known learning on which the teacher
caf Buld (SQaakeonsugiMSIO dzt | NJ_ A
The value osU A Ydzf  GAY 3 0O0KS

& (i dZROGVRLPT o the gepnare.visyfigsther appriec

ated in hypothesising that it is possible to mai
Gray GKS
GKS aOSyFrNxR2 a2 0(KIFIQ
more about the underlying science ideas and
Wglt yid G2Q Llzi F2NBI NR
investigation.
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Practical construcGuiding students from soecio
scientific to a focus on éscientific

If the students do not put forward science ideas
(perhaps in brainstorming sessions), the teacher
needs to explicitly ask students about teacher
identified scientific constructs, so as to seek
their reactions and determine whether they can
identify the scenario link. If students are able to
identify a range of scientific constructs, the
S OKSNRa NRtS Aa i
vergent questioning (not yes/no questions), to
identify prior science learning plus science
learning, which is umown but of major -
portance in understanding the underlyingesc
nario constructs.

Identifying the science question

Theoretcal constructBSE

The science question to be investigated is the
introductory stage for undertaking IBSE, which
Ffaz2 AyddldiRSay WERNE dz3 K
ing, especially risk factors. The question thus
drives the problem solving, studesentred
approach.

Practical constructDeveloping the science cgie

tion to investigate

This is the initiating of IBSE, which is enacted

through the use of an appropriate range of-sc

ence process skills. The teacher guidance sets

out to:

(a) highlight the key science ideas to be&-e
plored, and

(b) to develop the scientific question in arfo
mat which can be investigated by theust
dents in asuitable manner.

In highlighting (a), teacher are expected tonde

tify prior student science learning, possiblesmi

conceptions and from the feedback, identify the

appropriate starting point for tackling thenu

known science.

Adooltedr. a0 dzRSy G az

Undertaking IBSE problemobving learning of
the conceptual science ideas

Theoretical construct

The problem solving is promoted through
mindson, handson, studentcentred learning
to enable problem solving to reflect on the al
dation of the data collection, the accuracy by
which it is expressed and the interpretations
that can be made leading to the solution of the

Practicalconstruct
The learning is studedied, but teacheiguided

and is expected to follow one of three directions

¢ structured (teacher guidance is vedomi-

nant); guided (teacher guidance is whenever
students have a need; open (teacher guidance is
minimal and mainly for reinforcement, wider
reflection and evaluation). IBSE involves the
G§SIF OKSNJ 3dzARAY 3T g AGK?2dzi
@0 fo Safidddhitomes, hicNkan be interpre

ed and a solution found. The teacher is able to
follow-up by reinforcing the conceptual science,

as appropriate and associate these with other
scientific concepts, so that patterns in science
knowledge are appreciated and thecisnce
learning is not gained in isolation. The teacher

can also, for example, seek feedback through

the use of concept maps to better appreciate
aldzRSyidaqQ

Stage 2, in the 3 stage model, the IBSE learning,
involves continuing to matain student intrinsic
motivation using student centred approaches,
with the teacher establishing a conducive lear
ing environment (teacher use of extrinsic ot
vation) byg

e seeking evidence to answer the scientific
guestion;

e undertaking scientific processkills, as p-
propriate, for tackling the science gse
tion(s);

e interpreting the evidence in a valid and irel
able manner;

e determining the appropriate solution and
how this can be suitably disseminated;

0§KNRdzAK R
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e drawing a conclusion and representing this
in a suitab¢ format;

e appreciating the place of the new
knowledge, in relation to previouslyca
quired scientific knowledge and concepts
(for example by creating concept maps).

Consolidating the science learning

Theoretical construct

Stage 3, in the PROFILES 3 stagdef is an
important step in the consolidation of the ne
ceptual science learning and transfers the- sc
ence learning back into a soesgientific frame
(the original scenario). The purpose of learning
the science was to be able to better appreciate
the scaio-scientific situation and to be able to
put forward a meaningful decision, which, in

stage 1, was not possible because of the missing

science knowledge. Now, however, the ac@uis
tion of the science can be evaluated by the
manner in which students can giipate in the
decision making process, while at the same
time, argumentation skills are strengthened
through participating in consensus decision
making. This involves putting forward points of
view, refuting the arguments by others and
Y2 RA T & A ywh view, R dpprcdriate, to
arrive at a compromised outcome

Practical construct

Important at this stage is for the teacher to gain
adequate feedback from students on their
learning gains. While this can be entertained
through classroom, or homework exxdéses (and
these are not excluded), the real test is toaen
ble the students to transfer the science learning
to a new situationg in this case, the initial se
nario, where earlier the science knowledge was
unknown. In placing the science in a socid} se
ting, other attributes will also impact and hence
the discussions, or role playing, debates, etc will
lead to making a reasoned decision by students,
which can be challenged or refuted by other
students. The teacher is expected to lead the
groups (if underaken through group work) to
reach a consensus decision and then to take the

range of group decisions to the whole class, for
wider consensus decision making, in keeping
with making decisions in a democratic society.

Examining a Module
Each module has &ast 3 parts

e a frontpage, elaborating general info
mation;

e student part;

e USIOKSNNR&a 3AdzARS:E | yRZ

e possibly also, an assessment guide and
teacher notes.
While the 3 stage model is ever present, the 3
stages form an integrated whole within the
modules an thus stages are not highlighted.
Nevertheless the expectation is that stage 2
dominates the teaching time and any module
occupies 46 lessons of mainstream, curriculum
related teaching (PROFILES is notddon, or
revision focused).

In designing a naule, the following comgp-

nents are important:

¢ Module Titlewhich has a society orientation
using words/situations familiar to students.

e Learning Outcomeare included: as cogmn
tive, process, personal and social.

e The Scenarids motivational for students
and will stimulate discussion.

e IBSE:SStudents are involved in seekingi-ev
dence for the Science Question.

e Modules include &ocieScientific Decisien
makingcomponent.

In constructing modules, it is recognised that:

e Student ownership through participatiors i
anticipated to be high.

e Intended scientific learning by studentre
phases higher order cognitive learning.
Nature of Science is stressed as tentative
(not the absolute truth); empirical (&v
dencebased); culturally embedded (society
and personally biasef}jheories seen asi
dependent of laws.
Experimentation/modelling included, ensu
ing high gains in cognitive and process skills.



e Promoting learning for responsible citizenry
(STL/Education through Science), as irtdica
ed by the stated specific learning ootoes/
competencies.

e Suggested formative assessment appioac
es can be given.

Developing a scenario leading to a problem
solving scientific question

Creating a scenario

By far the most difficult aspect in developing a
module is putting forward the sociscentific
scenario and with this the title of the module.
Both need to be seen as relating to a meaningful
situation and have relevance, as perceived by
the students, for their lives. While the title can
be topical and the scenario building on theusit
ation, this is not always feasible and local situ
tions are encouraged,, especially where they
relate to health or risks, family, the enviro
ment, personal freedoms and interactions as
well as issues of safety, excitement, or other
emotional aspects. At firstamd, the title can
seem to have little in common with the learning
of science, but much of the frustration by the
general public is often the scientists inability to
deal with science issues in society (usualy b
cause there are too many parameters toneo
trol) e.g. Is a new drug safe? Can technology
make cars safer? Or is genetically modified food
unacceptable?

From scenario to learning through IBSE

If stage 1 is the most difficult to conceive, then
probably the most difficult aspect to teach is the
step from stage 1 to stage 2. This takes the
learning from the sociscientific discussion, in
which student recognition is focussed into tea
ising the science aspect is not known and the
forward process is to move into the learning of
that science, through @roblem solving, orn-
quiry-based approach. This means drawing
attention to the need for a scientific question,
carefully framed so that evidence can bé-o
tained in an attempt to answer the question and
solve the problem. Unfortunately, the modules

canzyte& RNIg |GGSylGAaAzy (2

guide rather than in the script itself.

Feedback, or assessmelfstudent assessment

related to education through science)

Assessment is expected to cover all aspects of

learning. In PROFILES modules this retates

e Cognitive or intellectual developmentges-
pecially with reference to higher order skills
(analysis, synthesis, evaluation based on
.f22YQa GlIE2y2Y@0X 2NJ
tended abstract thinking (based on th©S
LO taxonomy by Bigge Collins, 1982), or
aspects such as creative thinking, problem
solving thinking, argumentation skills, osju
tified decision making.

e Appreciation of the Nature of Science
(What is Science?) and an ability to sk
entific process skillsin association with
cognitive thinkimy.

¢ Development of personal skillghese being
seen as attitudinal, aptitude (e.g. perseve
ance, safe working, initiative, ingenuity) and
the range of communication abilities (i
ten, oral, graphical, tabular, symbolic).

e Development of social skillsthese being
seen as cooperative or collaborative Iear
ing, gaining of social values and the ability to
make justifiable socigcientific decisions.

About Assessment

In using PROFILES modules, the teaching is
geared to a purposive, motivationally driven,
devebpment of a range of competencies by
students, which are expected to enhance seie
tific literacy. The competency development is
indicated by the learning outcomes, which thus
relate to the width of education intended,
through the teaching of science (edticen
through science). Within any attribute, multiple
learning outcomes are likely to be present and
the number of outcomes indicated, in a specific
module, gives an indication of the areas ofie
phasis in the teaching and learning. This eayph
sis can, of carse, be enhanced by the teacher,
NETESOGAYy3 2y aiGdzRSyiQa
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3.7

However, it is important to note that the nab
ules are part of the curriculum. They encompass
theoretical and practical components thab-t
gether make up the curriculum learningrhis is
GSNE AYLRNIFYyGE | a
(Holbrook & Rannikmae, 2007) is an intention in
all science curricula in all countries. All school
curricula are educational in intent.
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(CPD) in Science Education
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Introduction

Teachers have been repeatedly identified as the
key if any sustainable innovation in educational
practices is expected to be successful.sTisi
why extensive, dynamic and lotgrm contiru-
ous professional development (CPD) of science
teachers has been demanded inside the feam
work of science education reforms in order to
assure sustainable learning among teachers
(LoucksHorsley & Matsumoto,1999). Working
within such a framework, teachers require gui
ance and support in all stages of their training
when it comes to implementing curriculum
changes or in bettering their teaching methods
and styles (Louckidorsley & Matsumoto, 1999).
Under suclcircumstances teachers have gene
ally proven themselves to be excellent learners,
who are interested in trying to teach new reu
ricula and improve and enrich their personal
teaching methods (Joyce & Showers, 1983).
One set of medium to lonrterm strategiesto
connect both research and practiceincluding
the practitioners thereof; to one another is the
wide variety of methods of Action Research (e.g.
Feldman, 1996; Parke & Coble, 1997; Bencze &
Hodson, 1999; Eilks & Ralle, 2002; Altrichter,

Feldman, Poscl& Somekh, 2008). Each of these
methods has a different focus and employs a
different strategy, however, all of them include
strong bottomup, teachercentered comp-
nents (e.g. MamlolNaaman & Eilks, 2011).
Within the wide span of possibilities for teacher
professional development, Action Research is
seen either as a practition@riented inquiry
Ayliz2 (62 DKSNAR
in the classroom (Feldman & Minstrel, 2000) or
as the development of new educational seat
gies oriented on teaciéB Q | Y R
or personal interests (Eilks & Ralle, 2002).HVit

in both ways, the first goal of Action Research is

not to generate new knowledgewhether local

or universal but rather to improve and change
classroom practices and contribugjinteachers

CPD (Feldman, 1996). Nevertheless, this point

may be viewed differently depending on the

Action Research mode chosen and depending

on the objectives negotiated within the group of
practitioners and researchers (Eilks & Ralle,

2002). In the endthe cyclical development of
individual practices and generation of results of
general interest can be understood as two sides

of the same coin, with both having equah-i

portance.

This paper presents three cases of using Action
wSaSI NOKQa& Llalidhyinisciente F2 NJ
education, coming from Israel, Germany and
Austria. The case from Israel focuses on building
professional competencies in a group of thac
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ers when it comes to reflecting upon and déve
oping their own individual professional practices
by arrying out smaikcale, individual research
projects. The case from Germany describes a
ten-yearold cooperation of a group of teachers
from different schools accompanied by anued
cator from the university focussing on the joint
development of new currida and lesson plans
for wide dissemination. The Austrian case uses
Action Research for subject oriented school
development and thus integrates science educ
tion with other subjects and the development of
the school as a whole. This paper links the three
examples leading to a joint reflection.

Three countries; three cases

Israel

This project (e.g. Dass, Hofstein, Mamlokwba
kins & Pennick, 2008) focused mainly onwato
ing teachers to develop their own individual
practices by enabling them to conduct small
scale Action Research studies in their schools. A
workshop structure was established to build the
S OKSNEQ O2yFTARSYyOS
Action Research as a part of their CPD. Action
Research was selected as a topic within this
program in order &: (1) provide teachers with a
powerful tool for enhancing their professional
expertise by performing smadicale research
projects, (2) improve opportunities to practice
the technique in the teachers' schools, and (3)
create a professional community of rcoborat-

ing teachers.

In planning the program, it was assumed that
the teachers needed to improve their content
knowledge, PCK, and leadership skills in order to
become professionals. Action Research was
assumed to offer potential solutions for redac
ing al of these goals using a joint approach. The
Action Research segment of the program was
structured around a series of workshops thac
ing the methodology and research tools nece
sary for data collection and evaluation. This was
carried out by coupling workep phases with
Action Research activities performed directly in
iKS GSIOKSNEQ &aO0Kz22f

the workshops, the teachers were asked to both
discuss the content of the workshop with their
school colleagues and to apply the learned
strateges and methods to several aspects of
their own practice.

Twentytwo teachers participated in the pr
gram. All participants were experienced cse
ondary school teachers having at least 10 years
of experience teaching higéchool chemistry.
They were identifid as potential candidates for
becoming chemistry coordinators.

The program involved weekly meetings and
consisted of a total of 450 hours. The Action
Research course consisted of eight meetings.
The workshop syllabus encompassed making
the participants faniliar with backgrounds in
both chemistry content and pedagogy, but also
with knowledge and skills about performing
educational research by qualitative research
techniques in general and Action Research in
particular.

The workshop was accompanied by a stud
about its effects (MamlolNaaman, Navon,

A yCarin&liS& Hofé®Bim, 20B4F 20063 yrthedgériicA y 3

pants' reacted very positive regarding how the
Action Research workshop contributed posativ
ly to their work. Most of the teachers expressed
satisfaction with the worksop. This was pa
ticularly true with respect to their personah-
terest in conducting Action Research in their
own classrooms, and in becoming part of a
community of practice. Many teachers stressed
the fact that they had learned the importance of
reflecting upon their work using ActioneR
search. Some of them continued conducting
Action Research with their students, stating that
their pupils raised very good points whichneo
tributed to their work.

Germany
In this project a group of roughly ten secondary
school teachers from different school types,

accompanied by a science educator is working
together for more than 13 years now (Eilks &
alNJAOX HAamMmMOU® ¢KS
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tion of alternate teaching apprahes for s
ence education based on new curricular stru
tures, pedagogies and media.

The project is based upon Participatory Action
Research (PAR) for education research as d
scribed in Eilks and Ralle (2002). PAR in this
sense attempts to improve teachinpractices
through the close cooperation of universityi-sc
ence education researchers and -garvice
teachers. It seeks to develop new curricular and
methodological approaches and analyze them in
authentic teaching situations, thus leading to an
evidencebased understanding of the effects of
newly-developed teaching approaches. The
model also aims at sustainable changes in the
fields touched by these innovations and seeks
contributing the CPD of all participants involved.
To achieve such researblased inmvation, a
cyclical model of brainstorming, evaluation,
reflection and revision is applied. Any ideas for
classroom innovation are continually compared
to the evidence available from empiricaé-r
search. In order to connect these two areas,
relevant researa evidence is presented to the
teachers by the university researcher in a group
discussion format. Empirical results are also
compared to actual teaching experiences in the
classroom and examined with respect to the
needs and wishes expressed by teachers f
their dayto-day situation in school.

CNRBY (GKS 002YLIyeay3
CPD one can see that over the years a caontin
2dza aKATO Ay GKS
practiceresearch relations could be observed
(Eilks & Markic, 2011). In thérst year, the
teachers viewed themselves mainly as technical
supporters of innovation. The reason for this
was uncertainty about the level of trustwoiith
ness and security to be found in the newly
developed curricular and methodologicap-a
proaches. Nevéeheless, all of the teachersxe
pressed a feeling after the initial year that the
new approaches had proven themselves better
than the old ones. At the end of the first year it
was readily apparent their poirgf-view had
begun to change. This was even mdhne case

in year two and three. The discussion shifted
towards seHreflection among the teachers. The
group started reflecting upon the meaning of
the process for the individual on their own it
ative. The teachers said that the lotgym -
operation hal led to increasing openness inside
the group and a tendency to salbnfidently
and offensively bring their own criticisms and
ideas into play. Many of the teachers described
an increasing feeling of being able to caenp
tently reflect upon their own teachg. The pe
ticipants expressed changes due to their own
professionalization, with a focus on a totally
different view towards methodological variety.
Individual practitioners began to start their own
initiatives for the group, with an even larger
jump seenin the third project year. Finally, gi
cussion led over to the teachers feeling more
selfconfident in stretching the regulations set
up by circumstances when implementingust
dent-oriented and studen@ctive chemistry
teaching practices. Some of the teach enthu-
siastically accepted the offer of becoming me
bers of a team of textbook authors to ingpl
ment and widely disseminate their work and
ideas.

Austria
The nationwide project 'IMST' (Innovations
Make Schools Top) aims at improving instru

NighairS $cind@ KIT, 2gtheriiaBds, G AlEHa

guage and related subjects. The focus is an st

0S| OK SdelitNand ikachers' deRrBidg inlthe Ron@x & ¢ &

the whole school (www.imst.ac.at). Innovations
are not regarded as singular events that replace
an ineffective pratice but as continuous pr
cesses involving teacher teams and the whole
school with the aim to lead to a further deve
opment of practice. Most of the participating
schools develop crosaurricular labs which &

ter experimental and inquifpased learning.
Teacher teams at schools have ownership of
their innovations. These teacher teams-r
search, reflect and document their experiences
in a systematic way (Action Research). They are
facilitated by a university team. As a suppdrét

2y



schools are offered semima (i.e. on Action &
search methods; about experimental teaching
and learning settings), writing workshops;tne
work meetings to exchange experiences among
teachers and schools; a pool of advisors, and
financial gratification for the documentation of
the innovations (Rauch & Kreis, 2007). The-pa
ticipating schools use the instrument of a school
development plan. This is a framework te-d
velop and sustain a culture of continuous quality
development and selévaluation at school and
should also allow to cred¥p demonstrate that
the school cares for quality (Posch, 2003).

A joint reflection

This paper described three examples applying
Action Research to science education. All three
have a completely different character. The first
was an interactive course desi, which succes
fully qualified experienced teachers to use-A
tion Research in innovating and reflecting upon
new practices in their own individual school
environments. It also taught them the skillsme
essary to become innovative leaders with the
ability to inform their school colleagues and to
implement Action Research beyond their own
classrooms. The second project created & ne
work of teachers from different schools, acceo
panied by a university science educator. This
group learned how to develop and gearch
innovative curricula and methodologicalp-a
proaches in chemistry education with the goal
of generating both curricular structures and
teaching materials which could be widelysdi
seminated. It also contributed to changing ind
vidual teaching practiceand to promoting
GSIFOKSNERQ 2y3a2Ay13
the Action Research process. Within the third
project teams of teachers developed cress
curricular science labs. In a whole schopl a
proach these teachers negotiated with l€o
leagues and the dmdteachers which changes
necessary in the curriculum eventually should
be accepted by other subject groups (i.en-la
guages, humanities) at the school (Rauch &-Se
ger 2006). With time different models of science

labs were developed, reported upon via Actio
Research and published on the internet, in the
IMST newsletter and in books (www.imst.at).
The ongoing reflection and reporting as well as
the exchange among teachers from different
schools turned out to be very supportive to
overcome obstacles at themwn schools. This
was made possible by networks on a local
(school district) and regional level involving not
only teachers but also local school authorities,
teacher education and research institutions as
well as businesses (Rauch & Erlacher fomfco
ing). In terms of reflection and documentation
a2z OFfftSR daoNARGAY3
days of intensive reflection, writing and sharing
were seen as very helpful.

All three projects can be considered successful
in their own individual ways. The aamwtage of
the Israeli case study is the workshop structure.
The necessary contact time with the accamp
nying researcher and the overall duration of the
project are limited and can therefore be regea
edly applied to several different groups of
teachers simlianeously. This allows the process
to reach a relatively large number of teachers
and schools. On the other hand, this approach
has limited potential for constructing more
wide-reaching innovation projects, which focus
on multiple schools or on changestiwn an
entire curriculum. The advantages of the second
project is that it aims on lorterm-cooperation
and widespread dissemination. Due to the-o
going, long term cooperation there is contin
ous input from the research side towards the
teachers. The redis were also able to be widely
disseminated in various arenas, up to amd i

LINR T $cluding2afidof textBoSke 1 bearlaikefeyl &l ovérA |

the country. However, the main limitation of
this model is caused by the need of the intense,
longterm accompany by the universitye-
searcher. Advantages and limitations in the
third project are that learning is not restricted
to a certain subject lesson but involve teachers
from different subjects and reflect learning as a
phenomenon of the whole school. Cross
curricular activitiegi.e. labs) offer the possibility

62 NJ aK



to more authentic and relevant science learning
for students. But it requires the internal support
by a school culture which values distributed
leadership, cepperation, quality development
and learning in the sense of @afrning organia-
tion as well as external support (i.e. facilitation
in networks). To meet the challenge of nco
plexity of a whole school approach Actioe-R
search offers an efficient methodology as well
as instruments.

All the three projects can be consigd succes-
FdA& 6KSy AdG O2vySa G2
participants achieved higher levels of prefe
sionalism by taking ownership of new strategies
for better reflecting upon and improving their
teaching practices. It can be hoped that this will
make tem better able to cope with their own
practices and help contribute to their future
development.
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IBSE Experiments

Josef Trna and Eva Trnaydasaryk University,
Czech Republic

Experiments in Science Education
Science experimentation plays a crucial role in

Rauch, F. & Senger, H. (2006). Schulentwicklung
im Umbruch: Der Unterricht riickt in den
Mittelpunkt. Klagenfurt: IMST.

hough these need to be meaningfully incorp
rated in carefully chosen teaching/learning
methods,which is the main task for the science
teacher.

It is not easy to transform science content into

science education. The reasons are the decisive an IBSE format. Just as students cannot immed

role of experiments in science research and the
cognitive importance of experiments in scienc
education (Haun& Rillero, 1994). That is why

ately switch from traditional methods of lear
ing to inquirybased learning, so teachers must
also "learn" howto implement IBSE. For this, it

A0ASYOS GSIFOKSNRBRQ LINE T Ssanparanf forf teacBe2sYd 8 abeyfoQuSeredi 2
use science experiments in teaching/learning tain experiments in all corresponding IBSE- le

science is a very important part of their pre els. In this workshop, we present characteristics
service and also 8 SNIZA OS (i NI A y A gfBakh oftifel fQUKIEVBIEARIBSE and examples

experimental skills plaa crucial role in the@a
fdZANRY3I 2F &aiddzRSyidaQ
skills (Trna et al., 2010) and thagperience in
the use of science experiments is an integral
part of the individual pedagogical content
knowledge of every science teacher (Royér e
Ff &S Mdppo O d / NHzOA I f
professional competence to use experiments
are their motivation, experience and prafe
sional training in experimentation.

Experiments in IBSE

Inquiry-based science education (hereinafter
IBSE) has proveils efficacy in increasing st
RSyltaQ AyaSNBad FyR I
teacher motivation. IBSE is effective with all
types of students from the weakest to those
most able and supports the improvement of the
gifted.

Very importantly, students” exgrimental activ

ty is included in all four levels (identified later)
of inquiry-based science education. Impleme
tation of experiments is necessary for IBSE, al

& Orkhas 301114 TFnA, @Q011). Y R

of implementation of experimerst (Trnova&

Confirmation inquiry
The outcome of this level is confirmation of the
knowledge of principles, concepts and theories.

I & L DSeQdsults oRekperiménts &rg @sGally kriswndrkK S NA Q

advance. Confirmation inquiry is useful ie-b
ginning IBSE so as to develop students” ekper
mental skills. Students can gain practice ie-sp
cific inquiry skills, such as collecting and releor
ing data.

e Oxidationreduction 1 (chemistry)

0 Krthedramé Sf cuiriEiuf coltént o dalidl G A vy 3

tion-reduction, students cdimm the -
quence of metals in the electrochemical s
ries.They choose one of the metals and i
sert it into different agueous solutionsf
metal ions They observe whether there is a
chemical reaction and changes to the tme
als. They summarize all their olbgations in

a table and analyze their results. On this

SRAZOF GA2Y I f



base, students make conclusions andneo
pare them with theory (the accepteces
quence byscientists under the experimental
conditions used) which is told to theust
dents beforehand. The task for studerstgo
determine which metal is less reactivarco
paring the reactivity of metals during the--o
idation-reduction experiments.The goals and
rationale of this inquiry is to enable rco
structive building of the electrochemicad-s
ries.

Floating and diving 1 (pkics):

Students gradually place balls made from
substances of known density into water (see
Figure 1). The worksheet contains a table
naming the substance and a table of dens
ties of these substances. Listed for reference
is the density of water and studeinitially
compare the density of balls with that of
water. Students check their expectation by
the behaviour of the ball when placed im-w
ter: floating or sinking. To simplify the expe
iment, the balls can have, the same volume
and. On this basis, theelevant theory is
confirmed experimentally.

Structured inquiry

The teacher has an influence on procedure and
helps students in inquiry by asking appropriate
questions. But students generate an exm@an
tion, supported by the evidence they havelco
lected thiough experimentation.

Oxidationreduction 2 (chemistry):

Students conduct the same experiments as
in the first level, but in this case, elawmtr
chemical series should not be given to-st
dents beforehand.

Floating and diving 2 (physics):

Students place th balls, which are made
from substances of known density in water
(see Figure 2). Students enter the name of
the substance and its density into the table.
They record the behaviour of solids in the
liquid (floating, sinking). The final analysis of
the dendty of balls leads to the conclusion

that their behaviour depends on their déns
ty in comparison with the density of liquid.
The aim of this experiment is that theust
dents, themselves, discovered the density
law.

Guided Inquiry

CKS G(SI OKSNI & i KShed ¥ dtjztiR 818
teacher encourages students using the research

guestion and provides students with guidance

about their investigation plansihey design

procedures to test their questions and the-r
sultingexplanations.

Figure 1Glass of water; polystyrene, plastnchiron
balls

[

Figure 2Ballswith different density

213



e Floating and diving 3 (physics):

Teacher only gives students a researchsgque
tion. They are not given the solution, the
procedures for the experiments. The basic
research questiomight be: "Find the fe
tors in the behaviour of a body when put in
to a fluid,” Students should seek their own
experimental method and equigent (see
Figures 3, 4 and 5).

P ’ Open inquiry
.On Iy the dlffenng shape of bodles Students should be able to derive questions,
AR design and carry out imstigations with exper
menting, record and analyze data and draw
conclusions from the evidence they havel-co
lected (Hofstein et al., 2005). Because it requires
a high level of scientific reasoning and cognitive
demand from students, it is especially sui@b
for the development of gifted students.
e Oxidationreduction 4 (chemistry):
During the previous explorations, students
made conclusions on the basis of exper
s ments, which were planned by the teacher.
Figure 4. Only the differing volume of bodies In open inquiry, students carry out their i
vestigations so they suggest procedures for
the experiments and determine which me
als and aqueous solutions of metal ions will
be used. They need to include their focus
question, a prediction, a detailed plan how
they will carry out their investigation, and
the data table (if necessary) which thay i
tend to use.
e Floating and diving 4 (physics):
\71» P , Students are almost completely indepen
Efi‘_&\- R ‘_ ',‘_), gt S Gk Bt _‘f" . M‘ ent. The teacher acts as an implementing
Figure 5. Only the dn‘fermg density of bodies partner- consultant. Students are not exgli
itly given the research question and the e
periments to undertake. They choose sulit
ble experiments, which reflect a set ofeph
nomena. These may include melting ice ¢
bes floating in a container with hot water
(see Figure 6).

.uz’..

Flgure

Outcomes of inquiry are bett when students
have had a lot of opportunities to learn and
practice different ways to plan experiments.
e Oxidationreduction 3 (chemistry):
To develop deeper understandings of metal
oxidationreduction reactions we ask ust
dents to predict, on the basid experiments
which metals it is possible to use for metal
plating and why.



A

Figure 6Aglass of warm water and melting ice

Conclusions

IBSE is a way which may be taken to increase
knowledge and shks of the students in science.
Experiments play a crucial role in IBSE because
they are beneficial to promoting students’ni
terest and participation in science activities.
The PROFILES project offers experiments within
IBSE which were devised by expeced tead-

ers and shown to be applicable in their teaching.
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WebQuest Projects: Inquiry-oriented Projects suitable for Science Education
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Introduction

We are living in an informational era, where the
impact of information technology in our society
is very evident, involving institutional changes,
both structural andfunctional in all areas of
economic and social life. The impressive insrea
ing performance of computing systems, the
multitude of their applications in all areas, the
expansion of computer networks and Internet
information explosion, has led to the global
tion of the information society, this beingca
companied by a real desire for acquiring
knowledge. In this context, the Internet has
become a very powerful tool, more and more
useful in many areas and being extremely useful
in promoting and implementinglternative edi-
cational technologies. Currently, the Internet
can be exploited by all actors involved in the
educational system, and new technologies for
on-line training are constantly developed. In
fact, it is suggested that the educational system
feelsthe urgent need to integrate new strat
gies and technologies that maintain this field in
line with the evolution of society.

Within teaching practice, a number of altern
tives to traditional teaching are emerging, most
of them including ICT elements. Man¥ those
alternatives represent, at the same time, both
learning and assessment methods. Teachers
may require students to use such alternatives,
but these are not intended to be the subject of
explicit learning (upper secondary grades), or
implicit learnirg (primary grades). As altan
tives, instruments, posters, portfolios, and ele
tronic projects can be mentioned. In addition,
the Web can be used successfully in facilitating
and supporting cooperative activities. The new
technologybased resources are usg for stu-
dents to achieve quick, easy and efficientiind

vidual tasks and group work. In this direction,
WebQuest projects can be seen as alternative
tools.

Model

An application of educational projects fully

exploiting ICT facilitiesis the WebQuestech-

nigue (developed and implemented for the first
time in 1995 in the USA by Bernie Dodge and

Tom March).

Using specific Internet tools (WWW), WebQuest

proposes a working method, which has as its

basis the constructivist idea of making therpe
sonal effolil F2NJ 2y SQa 24y
ment, as an alternative to traditional learning
methods. It is based on a model of searching on
the Web, this also containing elements of geo
erative learning.

In fact, the WebQuest is a complex model: type

/iconic / progiosis (Glava, 2009).

e Modektype models are considered bemc
marks, norms, due to their repeated use, or
recognition of their broad applicability. In
this respect, the WebQuest project provides
a design structure of teaching that use the
Internet resourcesguiding the design stias
ture itself and the described teaching agtiv
ty.

e Iconic models are learning models thapre
licate two or three-dimensional complex
realities in the form of plans, drawingsed
signs and reproductions. WebQuest fits into
this categoy of models, given that it pr
poses a synthetic structure, outlined, which
emphasizes a simplified learning activities
description that has to be conducted on it.

e Prognostic models are analogies that-r
verse, to some extent, the modetality
shaped relabnship, since, in this case, the
model is based on a still neexistent reality,
anticipated by it. WebQuest fits perfectly-i
to this category of models, modelling a rieal
ty that will take place, like the planned
learning activity.

ly2éf .



A WebQuest design modelrriculum was first
proposed in 1995 to a secondary education
school - Poway High School, California. Since
1995 until today, Bernie Dodge maintains an
educational portal called WebQuest.org and the
number of users of his strategy is huge
(http://webquest.org/index.php).

The basic idea is the use of informationall-cu

tural, and educational Internet resources,

through clear objectives: students learn how to
select and use information from various sources
and then develop their ability to think critically.

Even though the Internet is not an educational

resource par excellence, since we are teachers,

we must try to understand the world in which
our students live and the landmarks to which
they relate. So, the Internet is not only useful in
education in geneal, but, by an effective usage,

it can revolutionize the students learning style.

Bernie Dodge said that a teacher who wants to

develop such a learning environment organized

around Internet resources, may find this intent
an impossible task, taking intoceount the
complexity and multiple opportunities that can
be addressed. As a result, Dodge suggests the
grouping of tasks focused on Internet use into
three sectionsg Input, Processing, Output (Fi

ure 1), described as follows (Dodge, 2000):

(a) Input: in thissection are grouped various-i
formation, articles, images, background music,
background noise, breaking news, press r
ports, various research, data, reports etc. All
of those represent, in fact, the information
that students will receive for processingel
data from the web space.

(b) Processing: involves processing the input
data to obtain a final product, thus assd
ing: comparison, analysis, synthesis, egalu
tion, problem solving, decision making, &rit
cal and creative thinking.

(c) Output: initial data, furtler processed, are
transformed into products of student learning
activities. These products, published on the
web, can become starting points for further
learning process: oral presentations, Powe

Point presentations reports, tele
conferencing, videoconfereing, projects
Consequently, WebQuest can be broadlg- d
fined as a strategy for implementation of new
technologies in education and the use of the
Internet as an information resource.
Based on ideas of inquiry and constructivism,
WebQuests involve cooperge learning, and
students work on projects in groups. Also, it has
been demonstrated that there is a strongrco
nection between WebQuests and multimedia
techniques, and thus another important oppo
tunity for using the Internet in education (o
ghiu et al, 1995)

Inputs Outputs
ik Constructivist
ﬁ Transformation

Reception ;@\ Production

Scaffolds Scaffolds

Transformation
Scaffolds

CNl.com

© BB

Figure 1. A visual approach of WebQuest [Dodge, 2000]

Specifying the main elements of the WebQuest
educational strategy, Bernie Dodge (1997) offers
a clear definition: dWebQuest is an inquiy
centred learning activity through which students
interact with information taken mainly from the
Interndll .€

More recently the Web has integrated Web 2.0
social networking sites, blogs, wikis anddpo
casts. Therefore, the WebQuest model has also
adapted to the existing trend, meaning the need
to define some methodological recommesd
tions which allow student invodment in activw
ties appropriate to Web 2.0 technologies. These
aspects bring, in turn, the increasing ofust
RSy(aQ 1y26ftSR3IS oal NDKS
WebQuest is an educational activity focused on
investigation, due to the fact that onceca
cessed, all the informatio taken from various



sources of information (indicated by the tdac
er) are processed in order to create correlations
and original learning products that come like an
answer to a question, a solution to a problem, a
response to a community need, etc. The@ess
and the organization of the learning steps are
described by the teacher, together with the
evaluation criteria.

Summarized, WebQuest provides students with
technical training situations of criticism and
creativity thinking, cooperative learning kil
abilities and depth of information processing
and learning. Since all those concepts age r
trieved in multiple contemporary pedagogical
discourses on effective learning, it can benco
cluded that WebQuest is a technique that uses
new information and comunication technas-
gies and which provides a context for the ibpt
mal approach to teaching and learning in a
modern manner, in line with contemporary
theories on learning.

WebQuest is a learning project that is organized
around learning tasks clearly stateby the
teacher where it is the teacher who proposes
the project, together with the necessary sources
of information (containing the information
needed to solve the formulated task).The
sources are mostly Internet links, preselected by
the teacher, the midents being invited to access
and use them. Thus, WebQuest encourages
students to become familiar with the Internet,
to find specific information, and at the same
GAYS: |faz2 rftt2ga mKS
puter skills, like web browsing in a safentext,
guided by the teacher. By just showing Web
pages, the teacher allows students a degree of
autonomy in the use of information sources and
selection of relevant information.
a4 GKSNB A& y?2
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ever, valuable WebQuest projects are characte
ized by a series of attributes that provide quality
education to a WebQuest. Generally, a
WebQuest has the following features (Glava,
2009):

e A qualitative WebQuest gives students a
contextualizel learning situation: a specific
problem to solve, an investigation into a
well-defined topic, a resolution of a social or
community issue, etc.

e |t integrates a motivating factor: a context
relevant to student learning, a form ofro
ganizational learning it support the acti-
ism and the learning autononythose roles
involving students in a learning process-b
yond the traditional school pattern.

e sources of information presented to st
dents are available according to the age and
individual/group particulaties.

In addition, the educational characteristics of a

WebQuest are:

e contributes to the aims imposed by thean
tional curriculum; where the WebQuest-i
tegrates the requested exigencies angt i
cluded in dficial curricular requirements;

e includes educationia challenges such as
cooperative learning, interdisciplinary work
tasks and the need to use transferable skills
(communication, use of computer facilities,
planning and monitoring of learning);

e encourages selissessment, containing a
set of detailed critea for assessing the st
dent work, which they can see and follow
from the beginning of the process of project
solving;

e supports the development of the learning

U NIy %ﬁdeéﬁ)lngatﬁ’edgﬁé W 5-Fo
lowed in order to meet learning objectives,
and throudh the proposing of cognitivere
ganizers and graphic information @r
cessing;
facilitates the transfer of teachlng project in

[
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H"agescﬁ useful methodological suggestions
for another possible teacher user.

There arewo distinct levels of organization for

a WebQuest (Dodge, 1997):

e shortterm WebQuest, aims to acquire and
integrate knowledge. At the end of ingl



menting such a project in a short period of
time, the student accumulates a significant
amount of new inform#on and carries out
in-depth understanding. A short term
WebQuest can be achieved in one to three
hours (lessons);

e |ongterm WebQuestg aims to expand and
structure knowledge. After a long term
WebQuest, the student retains in depth the
information accessd, processed and eval
ated to a certain extent. Finally, he/she
demonstrates knowledge of material o
ered by creating a product for which a ea
tion is expected from others (online oif-o
fline). A long term WebQuest is normally
deployed with a class for period of one
week to one month.

Whatever level of organization (in the short or

long term), a WebQuest must be designed in

such way to organize student learning time e

fectively. The benefit that a student can take

from the free navigation on the Intermewith-

out the constraints of a theme or a particular
purpose is questionable; in addition, many
schools give students a limited time surfing.

Therefore, a WebQuest needs to be effective

and must clearly state the purpose for which it

is created.

Content
There are six major parts
WebQuest (Blanco, 2003):

included in a

1. Introduction

This part provides essential information and
motivational support for offering to the st
dents roles to play. The technique gives them
the way to carry out a play. Some ¢ieim could
0S WIy AyaiRS @2t OFy2
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also includes an overview of the learning goals
to students.

One of the expectations of the introduction is to
make all the activity pleasant fotuglents. If the
projects are correlated to students' interests,
ideas, experiences or future goals, they become

more interesting. The motivational support
makes the students engaged at the beginning of
the WebQuest.

2. Task
The task is a description of ahstudents will
have accomplished by the end of the

WebQuest. In the beginning, the teacher has to
find some resources for a specific topic on the
web and then, the teacher opens the activity to
the students that includes information from the
several sits. As Bernie Dodge mentioned, the
task should be doable and interesting.

I RAFTFAOMzZ G YFOGGSNI Aa
why the teacher can ask the students to publish
all the information found on a website. Besides
that, they can cooperate in a resedr effort
with another website or institution, or create
specific materials that define aspects of their
work. The task needs to be visible, with a global
importance and of course, fun for the students.

It is recommended for the teacher to show a
final project, or examples from previous @r
jects. If a project is very good, it could be used
by the teacher several times.

3. Process and Resources

The process is a description of the steps that
learners should go through in accomplishing the
task, with links mbedded in each step. All the
processes should be broken out into clearly
described steps. In the case of letegm pro-
jects, it is better to have a demonstration of
each step. The demonstration offers a step by
step process and refreshes the writtere-r
souces.

In describing the learning process a list ef r
sources (websites, printed resources) that the

in this way beig accessed at the needed time.

Beside the web resources, the students can use

nonweb resources: videos, audio cassettes,
books, posters, maps, models etc.

T
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have the resources included in the Process part,



4. Evaluation

The WebQuest needs a rubric for evaluating
students' work. A rubric is a set of teiia used
G2 S@lIftda 4S GKS
requirements need to be objective, related to
0dKS
to the tasks. The goals have to be clear.

It is recommended to exemplify three categories
of students: egmplary, acceptable and una
ceptable. The difference between an exemplary
and acceptable activity is designed to have a
positve aspect:make the students to work
more to achieve the first category. Anyway, an
explanation regarding the unsatisfactory aitiv
will establish a minimum of standards that all
the students are expected to achieve. Finally, all
the students need to have had a good exper
ence in achieving the project.

5. Conclusions

This part allows the students to reflect and
teachers to make summative evaluation. This
part needs also time for discussions and poin
ing on various applications of the lesson. tt a
dition, the students can learn different ways to
improve their work.

6. Teaching guide

¢KS GSIFOKSNDa
W2 By dzS A
tend to use the WebQuest project in their class,
either in its original form, or modifying it and
adapting it to the context in which it will be
applied. Possible reuse of WebQuest products
involves publication on website, or in a virtual
library. Such collections can be created on the
website of the educational institution, or can be
published like web pages and included in dife
ent collections of WebQuest projects.

DdzA RS

Activity

(a) Splitin groups of 4 members.

(b) Start © consult some Science WebQuest
examples from theQuestGardenwebsite
(http://questgarden.com/search/webquest_
results.php?curr=currscience&graee

& 0 dzR S y (i Qéhttpl/edtdeliodests.ofrdl S @
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grade912&Submit=Seeln), or see somexe
amples presented in thBestWebQuest.com
matrix, proposed by Tom March, available
¢t KS
(c) Try to develop, in a group. a model using the

WebQuest.doc available in the working -e
platform. The chosen theme should be
linked to the specific national curriculum
subjects. TheWebQuest.docdemplate file
contains a specific format developed for this
activity. Necessarily, all parts of such a{pr
ject will need to be developed: introduction,
task, process and sources of information,
evaluation, conclusions and teaching guide.
These sections should be provided in @ep
rate pages.

(d) Since this is devised as team work each pa
ticipant assumes one role of the teaand
tries to first solve the individual tasks. In
performing the assumed role, it is necessary
to search and select the needed resources
from the Internet, suitable for the age and
level of knowledge of students.

(e) Start to design the steps of the tdac
ing/learning process and insert all the rebe
ed information resources inside this section.

(f) Design, with colleagues, the individual and

|- groupleval&Gatio2cNteri@d 2 Y L2 y Sy (i

tain a summary of activities and knowledge
/ skills / ablities acquired by students during
the project.Being designed for students, the
findings need to be motivational for st
RSyiGa FyR SYLKI &aAil s
Also the launching of other possible topics
for future investigation or some questions
for reflection can be addressed to theust
dents.Findings may include rhetorical gste
tions, or additional links that may suggest
that students are able to extend or transfer
their knowledge to other content than those
provided in the project.

(h) At the end of theproject, start to develop a
teaching guide for other teachers who will
try to use the WebQuest project in their

filef R calledS OA T A C


http://questgarden.com/search/webquest_results.php?curr=currscience&grade
http://questgarden.com/search/webquest_results.php?curr=currscience&grade
http://bestwebquests.com/

3.10

classes, either in its original form, or madif
ing it and adapting it to another context.

(i) Using the model presented in the template
file, WebQuest.doc- save and load the er
ated file asProiect_ WebQuest_GroupX.doc
and upload it in the working-platform.
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PROFILES: Some Ideas and Comments

Wolfgang Graber; Leibnk Institute for Science nities for cooperation between actors in the
and Mathematics Education, Germany formal and informal arenas.

e Teachers are key players in the renewal of
In 2009 a small group of enthusiasts worked science education. Among other methods,
hard on preparing a proposal of how to improve being part of a network allows them toni
science education in Europe and dsthis - prove the quality of their teaching and [su
gether with nearly 20 partners from different ports their motivaton.

European nations in January 2010 to answer a
call of the European Commission in th& 7 Allow me to elaborate on these three aspects.
Framework Programmeda SOl A2y ada{ OASy O0S I yR
{20 ASlheywAaBS 2/ Qa SE LIS NEBckentifs YLitdkatydahd Bduivpased Science
¢the impressive geograpdal coverage with an Education
elaborate consortium on 22 experienced unive There is a worldwide consensus acceptingrscie
sities, with sound knowledge of IBSE andoEur tific literacy as the common goal for school-sc
pean projects, situated in 20 countries. Cultural ence for all students. Scientific literacy is not
diversity and language issueseahandled with only understood as a utilitarian concept with
professionalisr & systematic knowledge of science facts, concepts

and procedures, but as an educational concept
¢tKS& f Al SR Uide&s, aCceped NIl A )ity dyoung people orient to an unknown
proposal and thus the Commission granted an  world to develop their whole personality. Jack
acceptable funding. | 2f ONRB 21 A& ( tafioh shgodh I 0 2 dzi
The call and hence of course the proposal based 4 OA Sy 0S¢ FyR y2i aaOASyOS
YFEAyt@ 2y SELSNI NB LR Nhig goésiabriy with hdz8&mdh/Scahdndviag
Y2NBE {OASYydArataés a{ OASYNISRPRHDY (A2YSRYzOII0 GNP YISé W.
2NJ 0KS aw2Ol NRe BaRdtInNI £ séiencé is §e&nSay dcontribution to the individ
y2éd ¢KS YIAY FAYRAYyId 23 HEFESNZ2OI SRdzANPMHAY & { d
(2007, p.2) are here, because these are also the ton (2006) has reviewed the arguments for
three pillars on which the PROFILES project is promoting scientific literacy for all:
built (Introduction of IBSE, inclusion of a wide  Economic for a more competitive economy
range of stakeholders, a strong focus on teacher  Humanistic for a more welrounded education

professional development): Civic for a better informed voting public on
issues involving science and technology
e A reversal of school scienceaching ped- Poltical: For the importance of logical inquiry
gogy from mainly deductive to inquiry skills in supporting democracy
based methods provides the means to i Social justicefor equitable educational oppe
crease interest in science. tunities for all students

e Renewed schoedcience teaching pedagogy Critical scientific literacy that can help tone
based on IBSE provides increased opport power marginalized students and their teachers
in conteging their social reproduction
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achievable by teaching science in a traditional
way, only focusing on facts and concepts and
just transferring the pure academic discipline at
a lower level from universityot school. During
the last 30 years, several approaches andtstra
egies have been created to support the deve
opment of these goals. Keywords are Science/
Technology/ Society (STS), Confexsed teah-

ing, Sociescientific issues, Seffirected lean-
ing, Inquiry-based Science Education (IBSE),
FY2y3 20KSNHER®
motivate them to become and stay active, ghy
ically as well as mentally, and help them learn
science and its significance in everyday aod v
cational life, as well as learrbaut science and
develop personal and social competencies.
There are many definitions of inquiry and-i
quiry-based science education. As an example,
the suggestion by Marcia Linn and herl-co
leagues will be mentioned here:

dnquiry is the intentional prass of diagnosing
problems, critiquing experiments, and dusti
guishing alternatives, planning investigations,
researching conjectures, searching for info
mation, constructing models, debating with
peers, and forming coherent argumeidtgLinn,
Davis, & B&l2004).

Very often the process of inquiry is illustrated as
a cycle; one of them was created by Llewellyn
(2002, p. 16):

Inquisition Stating a question to be investiga
ed.

Acquisition Brainstorming possible solutions.
Supposition Selecting a statenm to test.
Implementation Designing and carrying out a
plan.

Summation Collecting evidence and drawing
conclusions.

Exhibition Sharing and communicating results.

| think most IBSE teaching units follow this cycle,
where the reflection and discussion die re-
sults can generate new questions. The actual
PROFILES internal IBSE philosophy is not &xplici
ly specified, but the teaching and learningopr

dzy RS N& { | Y Rcess i€ lddscrile& ithirStheTRdsrboin mbdNBs Y 2 (i

and in the three stage model, adapted from the
predecessor mject - PARSEL. This three stage
model includes the Llewellyn steps, but goes
beyond pure science and extends the teaching
to real life and decision making. Thus, the first
stage aims for motivating students and ior
duces a socioscientific issue; in thj a research
question will be stated, possible solutions brai
stormed and a statement to test will be selec
ed. Then, the deliberately designed collecting of

{ G dzR Sy (i & Qevidedicg leady tp gtV cAthBIGS dudird &

the second stage, while the third stage gives
room for reflection, discussion and personal
decisionmaking. Within PROFILES, there is a
rich pool of modules which not only come from
PARSEL, but also from other sources such as
developments by partners or from former gr
jects. | look forward to seeing alhé¢ chosen
modules, adapted to the PROFILES philosophy,
plus the manner in which they are used and the
results of their implementation.

Renewed school science pedagogy through
involvement of stakeholders

It is not only the huge number of intelligently
despned and creatively developed modules and
the three stage model which constitute the
unigueness of PROFILES linked to three dund
mental pillars | mentioned earlier. There is also
the creatively planned participation of stak
holders from different sciencedeication reé-
vant areas. The PROFILES DelpliyS by cm-
sulting not only science education researchers,
teachers and students, but also teacher trainers,
scientists, politicians and journalists about their
views on contemporary science education, is
helpful for defining the content, context and
strategies of teaching and learning. Funthe
more, the outcomes will help to define a specific
philosophy for PROFILES on IBSE, the develo
ment and adaptation of teaching and learning
modules, as well as for teach&maining strae-
gies and materials.

In fact, the inclusion of a broad range of stak
holders will not only help in development, it will



also support the implementation and disserain
tion of the new ideas. Since the PROFILES a
proach is not developed by a sih isolated
group of researchers from an ivory tower, but
with the participation of a wider public, the
chance of acceptance will be much higher. The
stakeholders, situated in influential positions,
Oy KSftLI 2 AYLI SYSyi
room practi@s. And since the stakeholders are
included from the beginning, they, of course,
can be expected to identify themselves with the
project and thus act as nuclei for networking
and dissemination. First results from the starting
point made with the Delphi stly are to be seen
at this conference, a conference where we can

see a rich diversity of stakeholders as PROFILES

supporters, or even ambassadors.

Continuous Professional Development (CPD)
for Teacher Ownership

2§ KIF@S tSIFNYSR
study, who reanalyzed more than 800 meta
analyses, based on more than 50000 singlelstu
ies on what influences student learning, that the
teacher is the key variable. Also the most-i
portant points for successful teachers are that
they are willing to reflecon their own teaching
and learn from their own errors or successes

dit is critical that teachers learn about thecsu
cess or otherwise of their interventions: those
teachers who are students of their own effects
are the teachers who are the most influihtin

NI} A&AYyS
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learning through the eyes of students, this
would be an excellent beginning. This involves
teachers seeking countering evidence as to the
effectiveness of their teaching, looking for errors
in their thinking and knowledge, seeing how
students build on their prior knowledge and
conceptions of learning, asking whether there is
enough challenge and engagement in the tear
ing, and understanding the stiegies the at-
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dents are using when learning and confronting
difficultiesé (Hattie, 2009, pp. 252, 253)

Based on the above, reflective teachers can
assess learning processes and give adequate
TSSRO Ol © W (NBES RE Gt del2iNev2
W¥ S S Qwith Bigh effect sizes (.90 and .73),
émplasize MEvell Rlab&atedl scaffglding of khé
a0dzRSyGaQ tSIENyYyAy3a LINRPOSaa
based teaching; is found only with an effect size

of .31, with problemsolving teaching with .51,

teacher clarity (.75), metaognitive strategies

(.69) and goal challenging (.56). Nevertheless, all

these variables can be seen as being included in

IBSE, so it is very important to clearly define the

specific IBSE philosophy and train teachers to

use it competently.

With the emphas on Continuous Professional
Development (CPD), PROFILES has chosen a very
important focus. On the one hand, we see the
dKanH8I OKSN&
only a small percentage of teachers areead

quately prepared to teach according to these

new standards. Research has shown that single

training events are not sufficient; PROFILES with

its one year lasting seminars recognises this
requirement. In many countries, particularly in

those where CPD is not mandatory (Germany is

one of those), teackrs are isolated when pr

paring their lessons and have no chance & d

velop new ideas in cooperation with colleagues

or to improve their qualifications. PROFILES is

trying to counterbalance this; they offer a niot

& (0 dzR & yHatte2009, K A S @ttty SRDjictassroom modules and netwaykin

The CPD structure, from teacher as learner,
teacher as teacher and teacher as reflective
pracitioner Aup tO Krimiyigdéagher dwthershiBiS A y 3
completely in accordance with the currentast
tus of research, and | look forward to seeing the
next stage in the mject involving a network of
experienced and motivated teachers. According
to Hattie, we have to try to develop a supportive
learning environment where error is welcomed
and fostered, for teachers as well as fou-st
dents.



dTo facilitate such an environmg to command

a range of learning strategies, and to be cbgn
tively aware of the pedagogical means to enable
the student to learn requires dedicated, spa
sionate peoplé. (Hattie, 2009, p. 23)

At the start | talked about a small group af-e
thusiasts who pepared a proposal. | think you
now have a greater group of PROFILES enthus
asts, researchers, teachers and more stakdhol
ers who all together work on a successfubpr
ject.
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