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1. Introduction

The main objective oCreative Little Scientistsvasto establish the details of the

current landscape both in official policy and actual practice across the nine partner
countries, and provide insights into whet't
identifying the emergence of appropriate learning outcomes in science and
mathematics. Furthermore to make these insights easily available to educational

policy makersand other stakeholders, at the European level as well as at national and
institutional level.

The proposed Set of Recommendations to Policy Makers and Stakelna@ddysen

based on the findings of the theoretical review, policy and teacher surveys- and in
depth field research that took place as part of the projée. synthesis of these
findings provided an arena to make comparisons between the partner couatries, b
also to make comparisons between documented policies and existing practices, the
former recorded by policy survey and the latter by teacher survey and fieldwork.
Moreover these comparisons of policy with practice have taken place at both
European leveand natimal level, resulting in policy recomendations also at both
levels, presented separately in this document.

Finally, the proposed policy recommendatiomve been informed by the
involvement of communities of stakeholdéreachers, student teasis, school staff
members, teacher educators, researchergfdabe box thinkers, policy makers and
experts in the fields of inquiry, creativity or sciericen online and faceto-face
focus groups, as well as in a discussion session set up for thisspulpring the
Final International Conference Gfeative Little Scientists.

This deliverable (D6.6) should be seen as one of the major outp@eeative Little
Scientistsbut also as complementary to the other final deliverables:

1 D6.5 Final Report oi€reativity and Science and Mathematics Education for
Young Children

1 D5.2 Guidelines and Curricula for Teacher Training

1 D5.3 Exemplary Teacher Training Materials

the latter two referring more explicitly to teacher educators and teacher education
institutiors.

Thefist sections of the deliverable serve a
methodology, research questions and key findings. Tinerey recommendations

for policy developmentacross Europein early years science and mathematics
education are presented, followed by the correspondingey knational

The project CREATIVE LITTLE SCIENTISTS has received funding from the European Union’s Seventh Framework Programme
(FP7/2007-2013) for research, technological development and demonstration under grant agreement no 289081.
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recommendationfor each of the partner countrfeZ he latter wer@repared by each
relevant partner, based on the natidimadings of the policy and teacher surveys, and
in-depth field researctonducted in the country.

! Exception was the partner in Romania, who contributed to the recommendations at the European
level, but decided against drawing their own national recommendations.

The project CREATIVE LITTLE SCIENTISTS has received funding from the European Union’s Seventh Framework Programme
(FP7/2007-2013) for research, technological development and demonstration under grant agreement no 289081.
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Key messagesfrom the Creative Little Scientists

Conceptual Framework
In drawing together a review of poligglated and researgblated literature
covering fields including science and mathematics education in the early years,
creativity in education, creativity as a lifelong skill, teaching and teacher training
approachesas well as cognitive psychology and comparative educatiop,the j ect 0 s
Conceptual Framework provided a strong theoretical framework feituilg

Two patrticular features of theonceptual Famework played key roles in fostering
coherence and consistgy in approach across the project and in themselves have the
potential to contribute to future work in the field, tihefinition of creativityin early
science and mathematics employed across the project arsyrtbegiesidentified
between inquiry based and creative approaches to learning and tedcéwugfrom

the reviews of science and mathematics education in the early years and creativity in
education.The definition of creativity irearly science and mathematicsvedoped

from the ConceptuaFramework and subsequently refined through discussion with
stakeholders isGenerating ideas and strategies as an individual or community,
reasoning critically between these armmtoducing plausible explanations and
strategies cosistent with the available evidenc€&his needs to beunderstod
alongside thel.ittle ¢ creativityd definition (Craft, 2001) as in the diagram below
(Figure 1) insofar as this effort toward originality and value through imaginative
activity drives creativity in other domains including early mathematics and science

DEFINITIONS OF CREATIVITY
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"Genevating ideas and
stvategies as an individual
oY community, veagoning
exitically between these and
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explanations and stvategies
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Puvpogive imaginative
activity genevating
outcomes that ave oviginal
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to the leamer.

Figure 1 W/ NBI G A @S [ HdiinitionSof dre@ivity yhieark year® scieecand
mathematics education
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The projectidentified syrergies and differences between Inquiry Based Science
Education (IBSE) and Creative pproaches(CA) (Figure 2) The definition of
creativity as above,and the synergies between inquiry based and creative

approachesha v e
Europe
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geographi-8) alhide ya glea weo nd lexd spr(d8ved |
i nterestwi thelty i n
st akehalrdesrss and

educator s.

t he

empirically

the project

di

S s emi
,b eiyromldu cEiumr g preesear cher s,

tested
and

nati o

have

di v
be

in

of t h

Role of aesthetic experience

Embedded activities into
children’s everyday life

Development of positive
attitudes

Motivation
and affect

Science

Children externalise, share
and develop their thinking

Consolidation of ideas

Develop verbal reasoning
skills

Dialogue
and collaboration

v

Understanding and process skills

Fostered Living Dynamic

Questioning
and curiosity
Inquiry and investigation

Diagnosing problems

Inkinq

Process
Scaffolding
Outcome

Driving featu
of possibility

Play
and exploration

Ability to reason

Nurture children’s
motivation

Inherent in young
children’s activity

vy

Conceptual understanding

P B

Problem solving
and agency

Hands-on, minds-on
exploratory engagement

Develop cognitive flexibility

Shared and meaningful
experiences

. -

Mathematics

Positive attitudes

2
and reasoning
Metacognitive processes
Evaluation of ideas
Appreciation of scientific

argumentation and
explanation

Creativity

Figure 2: A diagram to represent the pedagogical synergies between creativity, science
and mathematics in early years education
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These were further cedrarbiocrualtuend sddi oneaeiwnashi godnosw i t
t he Ovupinckerabweb @hidh kengfiesrkey q@estiopns about aspects

of learning in schoolf van den AXKhk eationale 2nCite Mjddle of the

spiderweb refers to the central mission of the curriculum. It is the major orientation

point for curriculum designand the nine other components are ideally linked to the

rationale and preferably consistent with each other. The spider web illustrates the

many interactionsind interdependence of the partd also the vulnerability. If you

pull or pay too much attenticdilm one of the components, the spider web breaks (van

den Akker, 2007, p41l).
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Figure3: Curricular Spider Web (van den Akker, 2007, p. 41)
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Research questions and approach
The Creative Little Scientistproject aimed to identify and characterise what, if any,
creativity is evidenced in early science and mathematics (in relation both to
childrendéds | earning, and teachersd pedago
produce a description or map of livezkperience in Early Years science and
mathematics education and to articulate what creativity in early science and
mathematics looked like.

To reflect the conceptual and research foci and methodological framing developed in
the Conceptual Framework, thesearch questions were framed around:

1 capturing conceptualisations
1 evidencing practice
1 developing practice

and were:

RQ1.How are the teaching, learning and assessment of science and mathematics in
Early Years in the partner countriednceptualised by teachers and in
policy? What role if any does creativity play in these?

RQ2.What approaches are used in the teaching, learning and assessment of
science and mathematics in Early Years in the partner cothtifesat role if
any does creativity play in these?

RQ3.In what ways do these approaches sedktost er young <chil dren
and motivation in science and mathematicd How do teachers perceive
their role in doing so?

RQ4.How can findings emerging from analysis in relation to questie®snform
the developmat of practice in the classroom and in teacher educatitma(l
TeachelEducation (ITE)and WntinuingProfessionaDevelopment (CPDY

These questions were examined in relationthoe curriculum di mens
assoclLiissttedoff obkadasew®e bieat ed with creativity
ma t h e maaddditiors for this study, these dimensions were grotpeeiflect the

two main foci of the fieldwork, informed by the pedagogical model developed by
SirajBlatchford et al (2002) shown in kige4, namely

1 Pedagogical interventions(or interactions) documented by observing face to
face classroom practice and listeningthh i | dr ends renfll ecti ons o

1 Pedagogical framingd ocument ed t hrough teacherds r
practice and wider information concerning the teacher, school, curriculum and
assessment.

The project CREATIVE LITTLE SCIENTISTS has received funding from the European Union’s Seventh Framework Programme
(FP7/2007-2013) for research, technological development and demonstration under grant agreement no 289081.
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Community relations

Parents

Pedagogical Framing
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Pedagogical
Interventions

Face to face
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Management
Structure

Resources

Development of behaviour
routines for collaborative play

Liaison with outside professionals

Figure4: Pedagogical interventions in context (Si¥Bjatchford et al, 2002)

The study also drew on wideontextual information concerning the teachers and
schools and early years settingthat participated in the fieldwork, and local
curriculum and assessment policy to identify any enabling factors or barriers at the
contextual level that might influence appunities for creativity and inquiry in early
science and mathematics.

Th€reati ve Liptrtoljeec$c iweanst iosrtgsani zed i nto di
which produced public 6deliverablesdé (Fi gt

Survey of Policy

Conceptual Development Final Report
Framework ; of Teacher )
Teacher Survey Fieldwork Trainin Policy
in schools . . 9 Recommend
. ; Guidelines & b
List of Factors Comparative Materials ations

Report

Figure5: Key deliverables available on the website
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Key Fmdmgs from the Creative Little Scientists research

RQ1. Conceptualisations ofteaching, learning and assessment of science and
mathematics in Early Years by teachers (and in policy)n the partner
countries. The role of creativity in these

Theexplicit curriculumrationalefor science education in nearly all partner countries

wasf ocused on chil dr en 0 sedscienteeandaesviroomental z e ns &
awareness as a part of their life in genettais was also reflected in what teachers

said. Howeverhte research findings revedlt hat t e ac hsgegadingthd e wp oi n
rationalefor science learningvasin practicemore holisticthanwhathad beeriound

in the policy documents ithe partner countried_earningaims and objectivewere
conceptualised by teachers as primarily contributing towards affective and social

aspect of learning, such as increasing interest and positive attitudes towards science

and science learning.heseviews contrasted with the emphasis dafficial policy

documentson the development of knowledge and understanding of sciande
mathematicsdeasand on process skills associated with scientific inquaspecially

in primary education.

In terms oflearning activities,specific features of inquiry were conceptualised in

both teachersé views and through policy ¢
early primary sciencand mathematicslassroom made reference to inquiry based

learning,a key part of the policy framing in all countrias, particularly through

learning activities associated with observation, questioning, communication and the

use ofsimple tools, which all took a dominant place among inquiry related activities.

Yet, despite this gener al conceptualizati on
responses in fact rarely referrednquiry activities related to practical investigations

ard using data to construct explanations.

In terms of conceptualisations abgédagogyteachers across the partner countries
consistently and uniformly éid a great appreciation for all valdigpedagogical
approaches that promotialogue and collaborationn science amongst children,
although teachers often failed to see the potential of these approachée for
development of creativityn children. Thiswas consistent with policy which put
some emphasis dheirimportance but includkvery limited referene to features of
creativity that might be fostered throudtalogue and collaboraticend very limited
guidance to support teachers in enabling creativity using classroom discussions and
collaborative work.

There was an uneven treatment in both policy and reported practice of the
approaches groupenh relation tothe synergymotivation and affectLearning

approaches which are basedlbm i | di ng on <chi | darrlatiigs pr i or
scienceand mathematis to everyday lifewere amongst those reported as most

The project CREATIVE LITTLE SCIENTISTS has received funding from the European Union’s Seventh Framework Programme
(FP7/2007-2013) for research, technological development and demonstration under grant agreement no 289081.
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frequently used by teachers and referenced in policy, although tierse not

hi ghlighted as eitherby teachevsiot by podicy ddecumeerttsg 6
addition, approaches making use dfama or history to teach science&nd
mathematicsvere promoted the least frequently both by teachers and in curricula,
which also failed to make reference to their potential for creativity.

Therewasa similarly uneven treatment of approacheth referenceo the synergy

play and explorationPreschool teachergported usingpen forms oplay androle

play significantly more than early primary school teachers, and a greater proportion

of preschool teachers also conceptudliseh e se as o&écr.efThigway i ty en
also reflected impreschoolcurricula across the partner countries with policy in the

majority of thempromotingplayful explorationin preschool considerably more than

in primary educationOn the other hand teachers and policies of both pheesesin
agreement i n fpbhysitakexploratgpn of ateliaten @pprdash also
conceptualised as O6écreati vi angesgeoiadyorl i ngd b
primary education.

Teachers, as well as policy guidance, emphdsieachng approaches linked to
problem solvingand agencyacross both phases of early years education. These
approachesvere also often suggested to foster children's creativity, particularly in
preschool.

Learning approaches associated wjtiestioning ancaturiosity and their importance

in fostering creativity were similarly conceptualised by teachers and in policy
guidance. Practices that encourage children to ask questions and foster their
imagination were reported as frequently used by teaclers emphsised in policy
andwereper cei ved by both as o6creativity enab
guestioning and the value of varied approaches to children recording their ideas in
supporting creative learning were given more limited recognition.

Learning approaches linked to fosteringflection and reasoningvere perceived to
have | imited scope in promoting childreno
documents, though teachers reported using tingteor very frequently.

In terms of teaclres 6 ¢ o n c e pt usadffoldingteachersawthantseves

as facilitators of childrend6s oWwadhad nquiry,
a chance to investigate and inquire on their own or with others. Whsya little

more reticent t@llow children to find solutions on their own, although they strongly

rejeced the suggestion that they should first act as demonstrators of the correct
solution before children investigate for themselves.

Assessmenespecially formative assessment, was widely highlighted as an important
area for development in both policy and practice in both preschool and primary
phases. However, policy guidance in terms of both methods of assessment and

The project CREATIVE LITTLE SCIENTISTS has received funding from the European Union’s Seventh Framework Programme
(FP7/2007-2013) for research, technological development and demonstration under grant agreement no 289081.
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criteria for assessing egoing progress was often found lackiwdich is reflected in
considerablevariability in assessment approaches found across partner countries.

A common tendency to focus @roductinstead ofprocessin assessmentllied

with the pressures of statutory summative assessment processes in a number of
partner countries revealed a number of challenges relatassessment ahquiry

and creativity. Whilst the assessmenbf scienceand mathematicsvas widely
emphasisedn policy, more limited attentionwvas given to assessment of inquiry
processes and procedural understanding, and even less to social and affective
dimensions of learning across the majority of partner counties thougtthese
dimensionsvereoften highlighted in therationale andaimsset out for early science

and mat hemati cs educati on. Teacherso res
priorities for scienceassessmenbn the other hand were consistent with the
frequency with which they indicated punsg the correspondingims and objectives

in their science teaching.

Finally, therewasvery limited evidence in policy of a role for creativity either in the

priorities or methods for assessment advocategarticular, little attentiomvaspaid

to multimodal forms of assessment or the involvement of children in assessment
processes often associated with creative approaches to learning and teaching in the

early yearsAgain here a contrast was noted between findings from the policy and

teacler surveys as teacherseport ed taking account of |
expressions for assessment purppssgecially in preschool.

RQ2. Approaches used in the teaching, learning and assessment of science and
mathematics in early years: opportunities for inqury and creativity .

Findings indicated considerable potential for inquiry and creativity in the
opportunities teachers provided for tgeneration and evaluation of ideas and

strategiesn both preschool and primary settings. Opportunities for the gemedti

ideas, for example, were fostered by rich motivating contexts for play and
exploration, whil st pur poses for i ngquir.y
experiences antthere was considerablec ope f or chi |l drends deci ¢

Dialogue and collaboti#n, promoted by widespread use of group work and teacher
questioning, played important roles in encouraging the processes of reflection and
explanation associated with thealuation of ideas and strategies

The potential of sensitive and responsive heacscaffolding both to support
independence and extend inquiry was underlined, particularly in relation to when to
intervene and when to stand backn or der to |isten to and
creative engagement and the development of their ideaguastions.

The project CREATIVE LITTLE SCIENTISTS has received funding from the European Union’s Seventh Framework Programme
(FP7/2007-2013) for research, technological development and demonstration under grant agreement no 289081.
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Opportunities for play were limited in primary settings. The value of play and
exploration in the primary age phase could be more widely appreciated, for example
in generating ideas and questions and fostering a feel for phenomena.

Findings siggested that the roles of varied forms of representation amuidbesses
of representation (not j ust the product)
greater recognition, this included the role of ICT, particularly in preschool settings.

Assessmenapproaches observed were generally informal and formative and were
based on observation and teacher questioning. There was limited evidence of the
involvement of children in assessment, although interviews with children during
fieldwork did indicate theicapabilities to reflect on their learning and gave new
insights into learning processes.

There were few examples of episodes involving the use of outdoor resources or non
formal settings for learning in museums or the wider community. Here differences
were noted between preschool and primary settings. In a number of preschool
settings, childre had free access to outdoor areas, and the overall provision of space
and staffing levels were more generous providing greater scope for practical
exploration.

The aims of activities were often implicit. Where aims were made exphat

rarely includel an explicit focus on creativity although the promotion of creative
dispositions was evident in the majority of episodes observed. In both preschool and
primary settings there was a strong focus on social and affective factors of learning
and the developent of scientific and mathematical concepts and process skills was a
common feature of episodes observed. Explicit focus on the nature of science was
limited.

Findings underl ined the i mportant i nfl ue]
learning and teding, and their views of the nature of science and mathenaattts
understanding of creativitgn the aims and approaches explicit or implicit in the

activities observed. Teachers in most settings designed their own learning
experiences with only a smallrgportion of episodes relying on textbooks or

published schemes, where this was observed it was most common in the teaching of
mathematics

Partners commented on the greater scope for -gtitidted activity and creative

engagement in preschool settingdh@ugh this was not always recognised by

teachers, and on the tendency for pressures of time and curriculum requirements to

l i mit opportunities for childrends creati.\
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RQ3. Ways in which these approaches seek to foster youoghi | dr ends | earr
interest and motivation in science and mathematics

Across the episodes there were many examples of chithearvingand making
connections,for example drawing on prior learning or between experiences.
Opportuni t i egsestiorongvere &lso presenebuttnst always recognised
or built upon.

There was greater evidence of chil drenos
inquiry, explaining evidencandcommunicating explanatiorthan might have been

expected from the findgs of policy and teacher surveysis was often prompted by

dialogue with peers and adults.

Explicit exampl es onflerstartdingl ofl theenatre of sfcence | o p i n
were limited however starting points for the development of understandinge of th
nature of science was indicated in a numb

learning in classroom discussion or in interviews with researchers.

Childrendéds inquiry skills and wunderstandi
with evidenceoh number of <creati ve atnotivatibnut es . F
curiosity and abilities to come up with something nevere evidenced in raising

guestions and in their active pursuit of explorations and investigations. The episodes
reported offered man e x amp |l es sefse af hnitidtivccaneé graving

abilities to collaboraten deciding what to do in carrying out investigations. Children
showedimagination, ability to make connections and thinking skitisoffering

explanations.

How do teachers perceive their role in doing so?

Teachers involved in the case studies often indicated that they had not previously
thought about the approaches they adopted in terms of opportunities for inquiry and
creativity. Fieldwork processes had promptefteotion on the nature of inquiry and
creativity in early mathematics and science and how this might be fostered.

Most teachers made reference to the importance of encouraging and supporting
young childrenbs engagement csiananinportdnty year ¢
starting point for learning. Many emphasised the need to foster motivation and
collaboration and provide a rich environment with space and time for exploration and
problembased learning, underlining key roles for teachers in encouragfilegtion

and making connections to promote chil dr ¢
application of ideas in varied settings.

In sharing their approaches limited explicit reference was made to the role of
creativity or to features of inquiry in sciemand mathematics.
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RQ4. How can findings emerging from analysis in relation to questions -3
inform the development of practice in the classroom and in teacher
education (ITE and CPD)?

Findings suggested a number of areas for attention in teacher educadigoptot
inquiry and creativity in early science and mathematics education. They included:

1 Perspectives on the nature of science and mathematics and the purposes of
science and mathematics education in the early years.

1 The characteristics and roles of dredy in learning and teaching in early
mathematics and science.

1 Use of the outdoor and wider school environment for learning in science and
mathematics.

1 Approaches to planning at whole school and class levels to maximize scope and

flexibility to fosterc hi | dr ends i nquiries and to prov

exploration (across both preschool and primary phases of education).

1 Ways in which everyday learning activities can be opened up to allow space for

chil drenbés agency and creativity.

1 The roles bquestioning in supporting inquiry and creativity, different forms of
teacher guestioning, ways ofecogaisingp or ti ng
guestions implicit i n childrenbds expl ora

1 Importance and roles of varied forms of representation, imgjutie use of ICT,

in supporting childrends | earning proces

1 Assessment strategies and forms of evidence that can be used to support learning
and teaching in early science and mathematics, the roles of peer and self
assessment.

Fieldwork providedclassroom examples for use in teacher education programs to
illustrate and discuss the potential for creativity and inquiry within everyday
classroom practices in early science and mathematics.
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5. Key recommendations for policy development across Europe

in early years science and mathematics education
The recommendations for policy development are drawn from key findings from
across the different phases of fieldwork summarised in the previous section. They are
presented in relation to the keyrands of mportance in relation to opportunities
afforded for inquiry, problem solving and creativity in early years mathematics and
science: aims, teaching learning and assessmerbatektual factors.

51 Aims
The aims of the curriculum should

V Give greater recognition to young <chi
processes associated waklialuation as well as the generation of ideda
scienceand mathematics

One of the four key common drivers for an increased research focus on science and
mathematics education and creativity in the early years classroom identified by the
Creative Little Scientist€onceptual Framework calls for growing recognition of

youngchi dr ends capabilities and the i mportan:
on childrendés early experiences and pr omo
review of rel evant l'iterature reveal ed é

capacities to tee ownership of their own learning and take part in decision making
in matters that affect their lives in the present. The review of policy notes a lack of
coherence in policy in this aspect, for example a mismatch between rationale or aims
that might emphsise the promotion of inquiry skills and creative dispositions, and
assessment methods and criteria that allow limited opportunities for children to show
their capabilities. Having said this, teachers need help to recognise more fully young
c hi | dr aiitésto engage with processes associated with the evaluation as
well as generation of ideas in science and mathematics.

V Foster the role osocial and affective dimensions of learningand their
connection with cognitive dimensions of learning such agagement,
evaluation skills and understandings related to the nature of science.

The aims, objectives, and content of the science curriculum in partner countries give
considerable emphasis to the development of knowledge and understanding of
science ideaand process skills associated with scientific inqtirgn to social and
affective factors of science learning. The review of policy across partner countries
showed that social and affective dimensions of learning are given more limited
attention comparetb cognitive dimensions. More particularly, the majority of policy
documentation inspected lacked emphasis on promoting positive attitudes to learning
and interest in early years science education.
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Teaching, learning and assessment

Curriculum contenaind policy guidance should

V Emphasise the importantoles of playbased approaches childiinitiated
activity and practical investigation in both preschool and early primary school.

The Creative Little Scientists Conceptual Framework considers playful
expeimentation and exploration is inherent in all young children's activity; such
exploration is at the core of IBSE and CA in early years settings. The significance of
play in early learning is widely recognised in the literature but also represents the
focusof considerable research within both IBSE and CA. Policy in the majority of
partner countries promotes playful exploration in preschool considerably more than
in primary education, with guidance that suggests a recognition of its value in
promoting creatie skills and dispositions. This different pedagogical approach
between the two stages was apparent in the classroom observations efidlte in
research. Preschool teachers use open forms of play and role play significantly more
than early primary schodkachers, and a greater proportion of preschool teachers
al so conceptualise these as o6creativity e
least in primary settings. The value of opportunities for play and exploration in the
primary age phase could bmore widely appreciated, in generating ideas and
questions and a feel for phenomeRadings from across the partnershigveal

areas for further development and examination for example in relation to the more
limited opportunities for play and for questing reported in primary settings. It
would be valuable to exemplify ways of creating such opportunities in the primary
age phase within the greater constraints of time and curriculum requirements.

V Give detailed attention thkey features of problem solvig and inquiry based
learning and teachingparticularly with regards to providing sufficient space and
time in the curriculum for problem solving and inquiry to study areas in depth.
Emphasisealso the need forspace and time for teacherso develop inquiry
approaches andxplore opportunities for creativity in learning and teaching in
early science and mathematics.

Curriculum and assessment requirements, and space and time at school level can
constrain teaching approaches, particularlgnmary settings. Findings from the-in

field research reveal pressures of time and curriculum requirements that drastically

[ i mi t opportunities for chil dr e nrThis creat
tendency is observed consistently in both presichnd primary education, although

feature more strongly in primary educatidviost teachers emphasised the need to

provide a rich environment with space and time for exploration and prdidsed

learning, underlining key roles for teachers in encouragéfigction and making
connections to promote childrenbés concept
ideas in varied settings. The case studies indicated ways in which school organisation
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of resources, space, staffing and timetabling can support, casaat barrier, to

creativity and inquiry both in teaching and learning. Findings indicated that more

flexible timetabling andthe more holistic approads to learning and teaching

commonly associated with preschool settings allowed tesighneater flexibiity to

follow childrends 1 nterest s ingpravisiontor me and
children to encounter ideas in a range of contexts. The challenge here was often less
one of time but of recognising saskils bui |l di
andcreativeideas.

V Include more explicit and detailed focus on tlude of creativity in early
science and mathematicsProvide explanation and illustration of the nature of
creativity in learning and teaching in early years science and mathemat

Findings from all research phases of the project suggest that aexyreit and
detailed focus in policy on the role of creativity in early science and mathematics
would be helpful. Where explicit references are made to creativity in policy they are
often in very general terms without provision of guidance about what this might
mean in the context of early science and mathematics. The review of policy across
partner countries identifiednplicit connections to creativity in policy for early years
science and mathematics, but these need to be drawn out and exemplified to support
teachers in translating policy priorities concerning creativity into specific classroom
practices. Furthermore, while certain teaching approaches are often signaled as
associadd with creativity, such as problem solving and the use of digital
technologies, there is limited indicatiam policy of how such approaches might be
used to foster creativity or inquiry in early science and mathematics.

V Promote the role of inquiry activt i es i n s upp wnderstamdingt he chi
of science ideas and nature of scienc&ive nore attention to reflection,
consideration of alternative ideas building on the social and collaborative features
of learning and inquiry.

Approaches to teaching and learning associated with inquiry and creativity are
widely included in policy guidance in partner countries. In preschool, priority is
given to play and fostering autonomy, while greater importance is afforded to
investigation ad problem solving in primary education. It was notable however that

in most countries, references to the role of discussion of alternative ideas and
understandings related to the nature of science were rarely made in official guidance.
Similarly, official guidance rarely indicated roles for creativity associated with the
development of science ideas, reflected in limited attention given to fostering
imagination or discussing alternative ideas in the teaching approaches advocated. In
more general terms, coections to creativity in policy were largely associated with
the generation, rather than the evaluation of ideas. In seeking to foster opportunities
for inquiry and a role for creativity, greater recognition could be given in policy to
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the roles of imagirteon, reflection and consideration of alternative ideas in
supporting childrendés understanding of sci
of alternative ideas is also connected to social factors in learning and the provision of
opportunities for desdopment of understandings associated with the nature of

science. Explicit focus on the nature of science was limited, as evident by the
findings from the policy and teacher surveys and thigeld research conducted by

Creative Little Scientists

V Recogmse the importance and roles ofiried forms of representation
including the use of I CT, in supporting

The research indicates that the role of varied forms of representation in learning

could be more widely recognised. Thease important roles for expression and

recording in different modes in encouraging reflection and evaluation of ideas,
strategies and learning and providing a basis for discussion and dialogue with others.
These may take many fres dnaving, thdiriwtitdg amach 6 s t al
textmaking questioning assumptions, redefining problems and considering what else

mi g ht be possible, and may involve the
creativity is revealed through these means as well as theerstandings. In

whatever form children have expressed their ideas, the teacl@rusing the young

|l earnersd attention on how they think ab
cognitive awarenesselpng themto make the implicit more explicit. Wi there

were examples of childrenés employment of
episodes, this was another factor where partners suggested that the range of
approaches might be extended, in particul

ICT. Fieldwork indicated the value of dialogue with children about their recading
and the potential of representation and expression, not just for recording outcomes,
but for fostering reflection and reasoning processes.

V Encouragemeaningful and authentic contextsfor inquiry, linked for example,
to: events ad experiences in everyday lifehi | dr ends i nterests a
guestions emerging from cresarricular projects or explorationand issues in
the wider environment beyond school.

Notwithstandinghe recognition that IBSE and CA both include attention to problem

solving in exploratory contexts, in which questions, collaboration, motivation and
reflection play a significant role, the efficacy of these approaches depend in large

part on trhoel et,e ascchaefrféosl di ng chil drends || ear
of policy suggest that limited attention is given in policy to contexts for learning such

as drama, stories, historical projects or everyday experiences in the environment.
Exemplification wauld be valuable of the kinds of contexts teachers can proaie

ways of capitalisingipon them to foster inquiry and creativity. The results of the in

field research indicated the important contribution of rich, motivating contexts in
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generating ideagjuestions and interests, but also the need for teacher sensitivity to
features of inquiry and emerging ideas i
well as for time and teacher flexibility to build on these.

V Createcoherence in assessmebetween th aims and objectives of learning and
priorities in assessment. More attention should be given to social and affective
and inquiry related issues in assessment guidelines.

A common theme to emerge across the research carried out by the project was lack
of policy guidance in terms of both methods of assessment and criteria for assessing
orrgoing progress, resulting in considerable variability in approaches adopted among
partner countries. The findings also revealed particular challenges in assessment
related to inquiry and creativity, linked to a common tendency to focus on product
rather than process in assessment requirements, allied with the pressures of statutory
summative assessment processes in a number of partner coufriesxample

while assessmerof science ideas is widely emphasised in policy, more limited
attention is given to assessment of inquiry processes and procedural understanding
and even less to social and affective dimensions of learning, although these
dimensions are often highlightén the rationale and learning aims set out for early
science and mathematics education. This mismatch identified between rationale/aims
of science education and guidance provided for assessment in official policy across
partner countries howeverisnotpapr ent i n teachersoé views,
valuing social and affective dimensions of teaching and learning is evident
throughout the spidereb curriculum dimensions and assessment in particular.

V Foster the development an-going assessment stratges and criteria for
assessmento better reflect the emphasis on inquiry and creativity in the aims for
science and mathematics in the early years.

Policy in relation to assessment showed the widest variation across partner countries.
In many cases findgs reflected the limited guidance for science assessment and
inconsistencies in emphasis across different elements in curriculum policy. There is
very limited evidence in policy of a role for creativity either in the priorities or
methods for assessmentvacated across partner countries. Greatest emphasis is
given to the assessment of science ideas. Understandings and competencies in
relation to scientific inquiry are emphasised in assessment policy in a minority of
countries and in only a few instanceme attitudes a priority for assessment in
science. In general, guidance in relation to assessment methods is limited in the
majority of countries across ti@eative Little Scientistsonsortium.

V Provide further guidance oformative assessment approacheso support
classroom practicesAssessment methodshould be clearly linked to the
multimodal approaches used in classroom practices. Policy statements should
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opportunities to mirror the childrends v

learning.

While the importance of formative assessment is increasingly recognised in policy,

the Report on Mapping and Comparing Recorded Prac{@8<) indicates that

further guidance would be valuable to support classroom practices in assessment.

Areas highlighted in particular include: the use of multimodal forms of assessment to

give young children opportunities to show best what they understad can do;

ways of involving children in peer and selffs ses s ment t o support
reflection on inquiry processes and outcomes; and criteria to assess progression in
learning, particularly in relation to inquiry and the development of dispositions
associated with creativity. In the majority of partner countries there is very limited or

no mention of the value of drawing on a variety of evidence such as pictures, graphs

and relevant gestures for assessment purposes. Again here a contrast was noted

bet ween findings from the policy and teac!t
the relevant survey items showed that t ec
include evalwuation of chil drenbés response
Romania,and in England where preschool teachers reported taking account of
childrenbés multimodal expressions for assc¢
concerning teacher sodo esspsbneyt mpraaides, asfonlyp e e r
about half the teachers seyed reported that they ubsdhese quite or very

frequently. The alignment in findings from both policy and teacher surveys
concerning the limited role of peer and sedsessment suggests that the locus of the

judgment in assessment in early years edueas firmly in the hands of teachers

with limited involvement of children.

5.3 Contextual factors

Findings from across the project also identified a number of contextual factors of
importance in fostering creativity and inquiry in early science and mefhes.
Findings from the teacher survey and fieldwork in schools indicate there is a need to:

V Ensuresufficient resourcesand facilities in schools to support practical inquiry
and problem solving irarlyscience and mathematics.

Across the Country Repisr(D4.3) partners identified the influence of resources on

the opportunities provided for inquiry and creativity in early science and
mathematics. In some Country Reports lack of resources was identified as presenting

a challenge in implementing inquirpe problembased approaches to learning and

teaching. Partners identified the need in particular for further funding to support the
use of ICTt 0 support and extend childrenbés pro
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and the development of the whole schooViemment, in particulathe outdoor
environmento support learning..

V Extendopportunitiedor ongoing professional developmenh early science and
mathematics.

The importance of cigoing opportunities for and entitlement to teacher professional
development was emphasised in Country Reports. At present access to Continuing
Professional Development (CPD) is very varied across the partnership. Further
recognition isneeded of the value and importance of continued training and
qualifications. The Country Reports identified key priorities for teacher education to
support inquiry and creativity in early science and mathematics. The importance of
space and time for teagets to practise inquiry approaches, to explore opportunities
for creativity in learning and teaching in early science and mathematics and to gain
confidence were emphasised. Reports highlighted the need for knowledge and
understanding of child developmaarid early learning in science and mathematics to

be included in teacher education programmes to support teachers in recognising and
buil ding on childrends interests, Il deas a
training for teachers was identifiéa the use of the environment to support learning
and teaching in science and mathematics, both the school environment indoors and
out and the wider environment and community beyond the school.

V Encouragedialogue with parents and the wider communityconcening the
aims of science and mathematics education in the early years including the
development of skills, processes aattitudesassociated with inquiry and their
roles in developing not just factual knowledge but long term understanding of
concepts.

The different phases of the project associated with the policy and teacher surveys and

the fieldwork in schools have indicated opportunities provided in policy for
promotinginquiry and creativity in early science and mathematics. For example the

aims for seence and mathematics education indicated in both policy and practice
across partner countries reflected a comm
curiosity and motivation and the i mportan
investigations. Howewvecommon challenges have also been identified associated

with the demands of curriculum content and a focus on summative assessment in
primary schools. Both can result in a focus on factual knowledge rather than deeper
understanding and attention to outasat the expense of the development of skills,

attitudes and processes associated with inquiry and creativity. During fieldwork
processes a number of teachers across partner countries commented on the pressures

they felt from parents to focus on factuabkvledge and grades.
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6. Key national recommendations to policy makers and
stakeholders in early years science and mathematics
education

6.1 BELGIUM

6.1.1 Approaches to Teacher Education

Findings from the Belgian research work suggest implications for learning and
instruction in initial teacher education and continuing development. The
recommendation outlines presented underneath are the most critical ones identified
via the Creative Litte Scientistsproject research and discussions on teacher
education. They might be seen as a guide for specialist professional development
routes and/or a starting point for discussions on cosggectific factors supporting
implementation.

V A strong school philosophy in which creativity and inquiry education are
fostered.

The Decree on Quality of Education (2009) states that each school in Flanders is
responsible for providing good quality education. As such, schools carry the major
responsibility for thequality of education they deliver and they are controlled for in a
standardized way. The choice of design and type of quality review system is up to
the schools. In practice faepth fieldwork) we notice that schools frame their own
pedagogical project,ision and quality assessment strategy, based on the national
curriculum and on curricular objectives of the umbrella organisations (macro level).

However, freedom of education could also be a barrier. Based on the findings of the
in-depth fieldwork we caconclude that as a school (principal and school team) you
need to have a strong policy capacity, a grounded educational project and vision,
especially if you want to enable creativity in a proper way and/or on a longer term
through science and mathematiés school philosophy in which the school team
discusses action goals, approaches, assessment strategies and learning processes of

children seems very valuable when you war
you want to work with their experiences andoprknowledge, talents and skills
(creative, problem solving, i nqguiry, e) ,
learning.

These findings suggest that it would benefit professionals and school teams to
examine their own school philosophy and policy. As still, school visions and
policy from schools of the case studies could help teachers and other teams examine
their own approaches concerning teaching, learning and assessment. These-evidence
based viewpoints could also be used and debated in initial tesdineation.
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V Focus on quality control

School evaluation (external but especially internal audits througrasstissment)

which is focused on the quality of teaching in all subject areas (mathematics and
science as well), can higher the quality of educatoand can prevent Oe
the testo. Teachers and school | eaders ha
summative and formative evaluationghey should be prepared for selecting and

using the most appropriate evaluation strategies in a cedaicational setting. As

such, teacher education should focus on and train for improved data literacy.

0Cl assroom observation shoul d play a pro
feedback. There is also room for teachers to more systematically seekctetrdba

students on their teaching. In addition, the results of teacher appraisal should be
connected bothto sefval uati on and the school 0s pr o
This would bring a greater sense of coherence to the process and increase the
conrection for teachersTeachers need further support both in their initial

education and their ongoing professional development to develop their
competencies as researchers and innovators, as well as becoming proficient

users of data.Through access to research on effective pedagogy as well as effective
schooling, teachers can gain deeper understanding of what a good school is and what

it means to be part of a professional learning commuhitg school where
collaborative enquiry andse of data for whole ¢ h o o | i mprovement i s
(OECD, 2011: p. 114)

Extend collegial practice both within and among schools (OECD, 2001: p. 115)

V Focus should not only be on pedagogy and developmental psychology but
also on creative teaching and leaning in science and mathematics education,
and on inquiry approaches

Findings from the teacher survey highlight that pedagogy and developmental
psychology are chiefly studied in teacher education. It are two areas of emphasis.

The respondents (preschoohldtiers) indicate they are not aware of fashionable
didactics of science education and they have lack of competence to carry out
scientific inquiry approaches. Additionally, Flemish teachers are not educated and
experienced with dispositions which fosttric | dr ends c¢creati vity 1in
It seems that teachers recognize creative tendencies but yet do not focus them in their
current teaching. Teacher education is now starting to be viewed as a platform for
(student) t eac her « atttuoles quudibeligfs uaderpianing this t vy . T
area of competence include change and development is constant in creativity and
teachers need the skills to manage and respond to inquiry approaches throughout
their careers.
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V Power of teamwork and team teaching

In one of the schools team teaching is tried out and is found very interesting in an
experiential and inquisitive approach. One of the advantages: interests, ideas,
theories, questions, special needs of children are picked up faseressary in

promotinga. chi |l dés initiative and to have an i
I conversations and discussions with the children can become richer (if children are
allowed to discuss and bring in their own opinions and ideas). Using these examples

of good pactice in teacher education could be encouraging for other teachers and
schools to foster team teaching and teamwork.

V Teachers as reflective practitioners

Based on the research methods and instruments, the following implications for
teacher education coulie expressed.

Video recall is an interesting method to be used with (student) teachers, reflection of
the (student) teacher is much more enhanced when he/she watches her/his own
approach or interactions.

The template with factors, used to analyse videta,da an interesting instrument
and/or script to analyse (student) teacher practices (we used the template with factors
to start and guide the discussions and interviews with the teachers).

Participation in a research project = professional developreiit would be
interesting to encourage (student) teachers to engage in a research or development
project. Communities of practice and special interest groups (online/F2F) have been
discussed and agreed upon by stakeholders involved @resive Little Sientists

project.

Pedagogical Framing
V The role of a rich environment inside and outside the school

The value of resources and materials, inside and outside, are highlighted
tremendously in the cases of thedepth fieldwork. These teachers also often go
outside with theirchildren;they value the immediate environment of the school and
field experiences.

Based on the observations we noticed that certain materials are particularly
interesting to enhance the curiosity of the children, to encourage them in their
creative ideas and tohallenge them in their natural inquisitive attitude. These
materials are amongst others the-lifé ke mat eri als or the so
materials and the unformed materials, such as sand and water. By offering a wide
variety of these materials chiladreget the opportunity to build up fundamental
experiences and basic mental schemes that evolve from concrete over schematic to
abstract thinking (CSA). Several of these materials can be found outside or are found
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outside by the children themselves. In thee dagogi c al project of
necessityoflifd i ke mat er i al s Thesclwol prefessdcenwdrk awith f ol | o
life-like materials. As such, children can often better adjust their research question

and they dare to go further in their experimen ng . 0

V Planning and time

In the participating schools the teachers are used to interact with their children. They
are used to make time for unexpected moments or to plan more time if activities are
not finished or if individual children need to have didtial time to understand a
certain topic or to train a particular skill. Corner work is used frequently. Findings in
the project stress on the importance of time and free play. Time is indeed an
important factor in activities in which children are readtygaged and; their agency
and initiative are encouraged.

In teacher education curricula the value of unexpected moments have to be stressed
as well as using these unexpected moments. We recommend teacher education to
value flexible planning and timetabin The areas of competence within this issue
relate to differentiation and being open to and proactive to volatility.

Pedagogical Interactions
V Active listening and observing

The teachers participating in the-depth fieldwork were all experienced in iaet

|l i stening to and observing of children so
own ideas and conceptions. It would be interesting to train (student) teachers in
activelistening to children and broad observing of children. In order to havghissi

in the (pre)conceptions, the (pre)knowledge of children, teachers need to have an
idea about the childrends preliminary t hi
enhance deep level learning they also need to know the interests of the children, their
wellbeingand their learning questions.

V Teacher scaffolding and standing back

Several of the teachers participating in thedapth fieldwork were very good in
scaffolding and standing back at the right moment. They also were used to ask open
question laving a lot of creative thinking to the children. In teacher education
(student) teachers have to be trained in standing back but even then they still need to
create opportunities by adding things or asking questions at the right moment,
development of uretstanding of concepts and procedures in science and
mathematics and the processes of inquiry.

The teachers searched I nformati on (use 0
together with the children and they discussed this information and resources with
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them, so in collaboration. Teacher education is recommended to focus on the
importance of training information skills from the young ages.

V Teacher questioningi focus on refection and discussion

Based on the findings in the-@epth field work, it would be interesting if (student)
teachers are trained in reflection and discussions with children, in the domains of
science and mathematics. As a consequence it is importaairtdeachers in asking
questions related to scientific (open) inquiry; however they have to be the right
guestions at the right time (for example open questions if children do not have own
thoughts or ideas). If not, the process could be blocked oretesaehe leading the
activity instead of the children.

V Assessment for learning enhancing transfer

Findings in the irdepth study suggest to train (student) teachers in enhancing
learning transfer by offering them strategies in order to do so.

6.1.2 Implic ations for Policy D evelopment
V Learning outcomes related to the nature of science should to be integrated in
the Flemish national curriculum.

In Flanderg in the national curriculum and in the teaching practittesre is little or

no focus on learning ¢comes related to the nature of science (NoS) and thus
understandings about scientific inquiry, that is about how scientists develop
knowledge and understanding of the surrounding world.

In the practices observed during the-depth fieldwork the teachershowed
confidence in inquiry practices as well as in reasoning and reflecting with children.
However, there was no specific focus on how scientists develop knowledge. In a
discussion after the idepth fieldwork- discussing the findingsthey agree thahey
dondét have knowledge about the aspects
insights in different inquiry approaches. The researchers used tools such as Tricky
Tracks to visualize the aspects of nature of science and to provide some deeper
insights in science. Based on this interaction, the teachers asked for further guidance
in order to ameliorate their own practices and to guide children in their exploration of
the world and creative learning.

Integrating nature of science as an area of cosmgetin the national curriculum
would initiate an integration in practice and in teacher education.

V The importance of a rich physical environment

Governmental policy can encourage schools to use the environment as learning
environment by fostering locabmmunities to participate in school life.
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They are also suggested to make profound choices when they provide funds to
schools in order to build up their accommodation. They should have criteria that take
into account the school as a midiceted learningenvironment, and not only the
classrooms.

In the selection of learning materials there should be enough attention for unformed
materials, because of their amazing learning potential. Moreover, extended empirical
evidence is recommended in order to explort he | mpact of archite:
on learning and instruction processes.

V Tensions on text books

There should be some quality control on the content, vision and didactics present in
text books. Schools can choose to use several manuals and reqailsoedigital

ones) as background, instead of one handbook that offers a suggested learning path.
It is recommended that handbooks are not a script for teacher training content, but
rather might be considered as a stimulus material for identifying relexmtent,
planning methods and specifying desired learning outcomes.

V The importance of a grounded school philosophy when fostering creativity
and inquiry education

As noticed during the hdepth fieldwork a combination of freedom of education with

a stong school philosophy based on principles of creative and inquiry education and
team work can lift a school to a higher level. Vistaunlding sessions and collegial
consult are considered as a resource and an asset to education.
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6.2 Flnland

6.2.1 Impli cations for Policy D evelopment

The implications of previous research are presented in this section, and based on
these research results some core recommendatiohgudo work can be suggested.
These recommendations refer, among others, to policy makersas curriculum
writers or communal stakeholders, as well as libgyeents in teacher educatiorhe

core recommendations are explained and justified from the results of Finnish data
that has been collected from studies conducted on the project.

V Focus onNature of Science and Creativity

According to the policy survey and research carried out amongst teachers, findings
showed that aims and objectives are relevant for the early years, the main focus being
on emotional and social factors. However, a cle# towards science literacy and
issues that relate to nature or science, were not mentioned or conducted during the
early years. In order to educate children towards a better understanding of science
and its significance in everyday life, emotional andaldactors should be explicitly

linked to the nature of science content.

V Fostering simple investigations and projects

Early years teachers in Finland do not systematically conduct simple investigations
and projects. Although problem based learning amel inquiry approach are
considered to be significant in both policy documents and by teachers, investigative
projects are rarely implemented. Defining inquiry learning and putting it into
practise, is a significant question facing teacher education atraiiff levels.
Through curriculum guidance and effective, systematic teacher education, more
emphasis could be placed on inquiry methods.

V Increasing imaginative play pedagogy at primary school

On the project, it became apparent that imagination is otieeofore principles of

creativity and playorientated pedagogy was seen as being significant flyr w=ars

learning in general (B.2). In ECEC, Finnish early years education, although these
aspects were emphasized rather systematically, at the primatyregination and

play were not frequently used. This trend was confirmed by surveys and field work
research. According to knowledge relating to child development, play orientation and

the role of creativity is also considered to be significant in tBeage group. Finnish

pri mary pedagogy coul d therefore foster
activities that provide space for imagination and play.

The project CREATIVE LITTLE SCIENTISTS has received funding from the European Union’s Seventh Framework Programme
(FP7/2007-2013) for research, technological development and demonstration under grant agreement no 289081.

Page 33 of 64



% ‘l"/e "
| E"' N |= @?m r;) mu) D6.6 Set of Recommendations to Policy Makers and Stakeholders

Increased focus in the early years on specific assessment criteria and
methods

Assessment prioritge their purpose and methods, were not discussed at a specific

level. This caused rather large variation amongst the teachers when putting into
practice aspects related to assessment. Assessment was, however, seen as a part of
learning and a significantehent in the quality of instruction. As such, there is a

need for intense discussion that relates specifically to assessment in Finnish
preschool education; assessment being a ps:¢
development. In addition, multimat ways of assessment should be taken into

account in initial teacher education;sarvice teacher education and in curriculum

wor k. Through t hese devel opment s, teache
become more coherent and its role seen to be moteliménsional.

V The reasonable use of ICT tools in the early years

Creative education comprises of inquiry and problem based activities that include the
use of ICT tools (Craft2011). ICT equipment is seen as a motivation for children to
learn science (K&, 2011). Different electronic learning equipment should therefore
be wused in early vyears |l earning for supp
reporting data. According to studies on this project, ICT is not highly emphasized in
policy documents anBinnish teachers very rarely use it in their pedagogy. However,
teachers did use tablet computers in the fieldwork study and interactive whiteboards
were available in several classrooms. To preserve high standards, early years
educators should respondth® need to use ICT material in vary ways, increasing

their own competence in the use of recent ICT learning materials such as tablet
computers and interactive whiteboards.

V Focus on timing the potential of crossurricular projects

The Finnish education system allows teachers widescale freedom to plan their
teaching and learning activities. The hours stipulated for science and mathematics are
presented in policy documents for primary school, but otherwise, teachers are able to
organke their teaching as they feel appropriate. Thus it should be recommended, that
teachers organize cressarricular projects for school learning in order to foster
childrenbés scientific literacy and thinki
the maher tongue are all closely related therefore the potential to develop projects
between subjects which are interrelated, is still yet to be exploited.

V Class sizes when optimizing the potential for inquiry and creative processes

In highlighting collaboratie learning approaches and pedagogy in their work,
Finnish teachers very well meet the requirements of inquiry and creative processes.
A close relationship between the teacher and children fosters the possibilities for
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positive feedback and child engagemdhtwvas noticed in fieldwork research, that

when teachers had the opportunity to divide the children into smaller groups during

their childcentered activities, more potential was created for scientific learning. It

seems that this is not always possiliels we need competent assistant teachers or

team teaching t o support chil drenods ScCi
opportunities to conduct inquiry and creative projects.

6.2.2 Approaches to Teacher Education
V Focus on studies relating to inquiry andcreative education in science
education

Policy documents support inquiry approaches as being relevant in science education
pedagogy. In addition, teachers value inquiry dispositions and use them rather
extensively, whereas, investigations and projectsealdom used. It seems apparent

that teacher education needs to provide teacher students with the competence for
conducting investigations and cresgricular projects, which in turn, will foster

chil drenods scientific | i noed m dhe fiewodk cr eat
research that inquiry activities resembled guided experiments more than
investigations in which chilihitiated approaches were highlighted. Teacher

education should provide more of the type of activities that demonstrate the
significance of inquiry approaches in early years science education.
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6.3 France
In the French context, the next recommendatibave emerged from the data
collections.

6.3.1 Approaches to Teacher Education

Pedagogical Framing

Curriculum space and time

V To teach science and mathematics, teachers need contexts, which included play
and exploration to arouse childrends m
promotes learning.

Time and Content

V Teachers need time (half a day per week) to make collective refleriamn
their practice, to go to museums, to work in team inside and outside of the
school (etc.).Teachers found that all the propositions of tbeeative Little
Scientistgproject were really interesting and could occur in an ideal world. But,
in a daily wak, teachers do not have the time to make contacts even with
colleagues from others schools in their own city. In France there is little
continuous formation. When teachers can participate to continuous formation it
mostly occurs during the weekend. So thain proposition of the focus group
was to suggest that teacher's education asked for the institutionalization of a time
(half a day per week for example) dedicated to pemk, team's collaboration,
inter and super vision, collaboration with researchets.). This time should
allow them to accomplish most of the propositions present iiCthative Little
Scientistgroject that followed their actual preoccupations and aspirations.

Materials and resources

V Teachers asked to introduce (in initial and continuous training) videos where real
teachings in science or in mathematics could be shown. Indeed, videos are
attractiveness for future teachers. Moreover, as we know they offer different and
sometimes much mme information compared to writing texts.

V It might be important to reinforce the link between researchers and teachers.

V To feel more comfortable in teaching science and mathematics, it could be
proposed to teachers to participate to collaborative projéttspartners inside
or outside of the school . School 6s proje
team to get involved in scientific or mathematical teachings. Moreover it allows
teachers who are not confident in science and mathematics to bieoetfit
colleagues expertise.

V We need to reinforce an access for more teachers to the existing devices such as
those proposed by-omibe oASNEP, onlaé¢ Ehamcas i
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V Teachers in both groups (preschool and primary) require more personnel to
support them in science and in mathematics. It seems to be a solution bringing
into schools qualified personnel on scientific domains and on mathematics
pedagogy. At the present, most of the teachers use their proper materials support
enriched by Internednd library materials to do their teaching.

Pedagogical approaches in teacher training

V The more important in teacheros educatio
66what t o t eac hdahenyolAumderatant theapcobesses usedind A
sciencey ou can use them any &d)dedamtedadeaching f or g
can be proposed in order that teacher feel confident in this process.

V Need to provide training and professional support to teachers to help them use
Inquiry based learning in Science amdthematics in schools. This point is very
important because the inquiry approach involves the active engagement of
children in the learning proces&s we know, one important aspect in the process
of learning is to promotenotivation and selconfidence.In this way what is
important in teaching and in learning is to find situations that involve
collaboration between teachers, researchers and children. In other words, create
66a real situation of researcho6do! Il n th
foster the development of inquiry skills (asking questions, observing, collected
evidence and answers questions).

6.3.2 Implications for Policy D evelopment

CPD entitlement

V Creativity is not mentioned as a key concept in the French programs and the
official texts. To promote this approach in preschool and in primary school, it
could be appropriate to include the concept in the French official
recommendations.

Training for science and mathematics co -ordinators

V Preschool teachersieed additional traing course irscience(knowledge about
scientific ideas and process, assessment and scientific inquiry). This lack of
training for preschool teachers can be related to the time they spend to teach
science (less than one hour per week).

V Concerning mathemat (didactics and pedagogy) both groups of teachers
(preschool and primary) are not confident in how to teach.

V Teachers need to have formation to do sciences and mathematics in classroom
and in a more general way, need to have formation in Indpaisgd éarning
approach.
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6.4 Germany

The German education system is complex and constantly chahgigiglation and
administration in the field of education are primarily the responsibility of the 16
Federal StatesB{ndeslandgr Regulative guidelines are provided by Federal
Ministriesor by the Standing Conference of the Ministers of Education and Cultural
Affairs of the Lander in the Federal Republic of Germaataidige Konferenz der
Kultusminister der L&ander in der Bundesovipk Deutschland KMK). The
interpretation of these guidelines then lies in the hand of the Federal States.
Therefore, school systems and teacher training requirements vary geeatighool
education (Kindergarten) in Germany not part of the staterganised school
system, but is assigned to Child and Youth Welfare. On the level of the Federal
States, education plans specify the basic notion of education. Responsibility for
actual educational work in the individual Kindergarten lies with the maintainin
bodies (e.g. churches, welfare associations, local authorities, parents associations).
Primary schools are run by a head teacher who is responsible for the educational and
pedagogical work in the school. Together with the teaching staff, the head teacher
takes decisions on instruction and education. Pedagogical concepts are laid down in
individual school programs.

As a consequence, there is rmte Germaneducational system, and a national
curriculum does not exist. Nevertheless, some common featurepaeent in the

early years maths and science education in Germany. The following
recommendations, which are grounded on the research outcomes, refer to these
common features.

6.4.1 Approaches to Teacher Education
V Science knowledge and understanding abote Nature of Science

In preschool and primary school, scientific skills (hypothesise, conduct investigations
and then communicate results) are seen as vital for both science anedoathison.
Inquiry-based approaches are mentioned in all the German policy papers that have
been considered for our research. It is emphasized that children should be able to ask
relevant, scientific questions and to investigate them.

However, our research findings show that inquoaged approaches are not very

common in German early years science education. A major reason for this seems to

be the teacherds | ack of scientific conter
of sciencg(NOS). During initial teacher training, science education is only of minor
importance in Germany: In preschool teacher education, science is introduced as a
restricted learning area, focussing only on ecology and health. In primary school

teacher educatigrscience is only an optional subject. As a consequence, primary

school teachers often teach the subject «Sachunterricht» (which includes topics from

natural sciences as well as from social sciences and history), without having attended
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any course in natat sciences during their initial teacher training. As our research
data shows, these teachers feel unsure with their own expertise on the subject matter
as well as on inquiry approaches. Just as well preschool teachers often feel
overburdened by teachingiences due to their lack of science knowledge.

In order to become confident to teach science and to foster inquiry and problem
based learning, it is important that teachers acquire a good understanding of basic
science ideas and processes, as well as lettge about how science and scientists
work (NOS).

V Organizing and assessing group work

Social learning and the role of collaboration are emphasized in German early years
policy papers. Teachers who took part in our studies valued group work and
mentionedthat it often generates more ideas than individual work. Nevertheless, in
German schools (at least at primary level) group work is often not used because of
problems with assessment or because it is seen as less efficient.

During teacher education, assess group work (e.g. process/product assessment,
self/peer assessment) as well as organizing group work (e.g. group formation, roles,
ways of sharing group results) should be trained and the role of social learning for
the development of creativity sholld emphasized.

V. Teacher s Rol e

Presentl vy, the teacherds role is <changin
advocate the role of the teacher as facilitator and supporter -oonstructor,

dismissing her/ his former role as leader. Teachers observed istudies had

adopted this role and supported their children in discovering natural phenomena and

in finding new possibilities to approach problems. They encouraged them to pose and
investigate their own questions, and valued their ideas for finding swuto
explanations. Children in these classes were highly motivated and found creative

ways of problem solving.

Teachers need to know different ways to scaffold autonomous learning in maths and
science as well as the development of creativity, e.g. lnygagkestions that support
inquiry and by finding the right moments to stand back and observe the children or
to assist and help them.

V Learning activities

Mathematics and Sciences should be introduced in concrete situations using hands
on approaches thativo |l ve al | of the childrenbés sens
of natural phenomena and the planning or designing of experiments are also
highlighted in the policy papers as advisable activities. These kind of learning
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activities were also recommendey the teachers in our research. In addition, the

huge potential of opeanded inquiry for the development of creativity and maths

and science learning became evident during our classroom observations: by opening

up their learning activities instead ofhadi ng f or t he ifeachees r i ght
encouraged their children to try out their own ideas and new approaches to problem
solving; imagination and autonomous learning were fostered.

Teacher education should involve planning and designing of learmitigtees that

are based on the childrends -enagprogcleaay expe
Teachers should also recognise the importance of -epeied inquiry for the

development of creativity and maths and science learimgiead of heading fohe

Afone right answer o.

6.4.2 Implications for Policy D evelopment
V Location

According to German policy papers, outdoor projects and excursions should be
conducted (strong focus especially in preschool), giving children the opportunity to
experience naturrst hand or to see how people work in mathematical or scientific
domains. In preschool, the use of outdoor play areas and excursions to nearby
destinations are very frequent and offer various possibilities for first hand
experiences and informal learningowever, primary school teachers reported that
the possibilities for outdoor learning are very much restricted by time constraints.

Outdoor learning (offering direct relation between science and maths education and
everyday life situations as well as Fddie encounters) should be more supported
and facilitated, especially in primary schools where time restrictions are often a
problem.

V Materials & Resources

Materials which could be used for teaching maths and science are not discussed in a
satisfactory manner in German policy papers, leaving a lot of room for
interpretations (e.g. using only paper/pencil for maths and science learning). Our
research in schools has shown that everyday materials or even toys are suitable to
foster the c hiadddlevelap éheir inguirpskilts.r Farthermorne, none

of the policy papers remark upon budget for supplies, due to the fact that these
factors are included in school curricula, which the schools have to write themselves
and thus vary from school to school.

The important role of resources for science and maths education and creativity has
to be recognised. Schools should provide varying and appealing materials to choose
from, including everyday materials, offering the opportunity to get in touch with
different resources or approaches.
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Kindergarten follows a holistic approach to learning/teaching and does not
appropriate different units or lessons to maths or science teaching. Project work is
quite frequent in Kindergarten and offers opportunities fobl@m solving, inquiry

and creativity. Nevertheless, in our studies we observed that during inquiry activities
teachers are often interrupted by deyday business (e.g. preparing food or
changing diapers). In most German Kindergartens, there is not terstaff to
concentrate on one specific activity for a longer time. Especially in mixed aged
groups which include very young childréerthe common case in Germanh large
amount of time is needed for d&yday routine, and only one or two teachers per
group are too few to allow the support of extended inquiry learning. In primary
school, time slots for maths and science teaching are scheduled, and only about 1
hour per week is planned for the subject
taught togther with other curricula areas. This leaves very little time for science
education itself and even less for inquiry approaches. Teachers therefore report that it
is very hard to organize extended inquiries (e.g. in form of longer lasting projects)
which ae seen as highly creative.

To allow extended inquiry learning including autonomous, experimental and child
centredlearning processes, sufficient flexibility in time must be given to German
teachers. In preschool, more staff is needed to deal withtaddgly routines. In
primary school more hours should be allocated for science education.
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6.5 Greece

6.5.1 Approaches to Teacher Education
V Teacher education should support teachers in developing a wetunded
conceptualisation of creativity

The vagueness of creativity as a concept was a common theme found in all phases of
the project. The Conceptual Framework discustes various ways in which
creativity in education is discussed. The research carried out in the project showed
that the range of discourses of creativity found in the literature is significantly limited

in both policy and practice. Even though creativityr (creative thinking) is
prominently featured as one of the main objectives of education, it is presented in a
vague and confusing way. On the other hand, the findings from the teacher survey
and subsequent fieldwork in schools confirmed this rather kihvitew of creativity

i n teacherso6 minds as well as their pract
creativity in science and mathematics there is a need for creativity to be cleared up
both as a concept and in operational terms by teachers.

A number of findings clearly point to specific issues that limit the educational value

of creativity. For example, the fieldwork showed that teachers do not associate
creativity with the generation of alternative ideas which according to the literature is
a vay important outcome of creativity in education.

V Understandings about the Nature of Science should be explicitly promoted
in ITE

As indicated in the policy review, Greek curriculum documents make limited
reference to knowledge and understanding of theraatiscience and mathematics
with no explicit indication given to how this might be reflected in practice of early
years learning. This was clearly evident in the fieldwork portion of the research with
no teachers referring to promoting understandingsitalbaw scientists work in their
planning and their learning objectives. Teacher education should provide instruction
so that early years teachers, who in their majority have not studied science during
their postsecondary education, can understand the adul importance of
scientific methodology. Teacher education should allow teachers to take advantage
of the opportunities that arise during lessons to discuss issues linked to the nature in
order to plan their teaching so that the scientific and matieaharocess skills that

are the focus of the curriculum can lead to procedural knowledge.

V Planning learning activities

It is suggested that teacher education should provide support to teachers in planning
and designing learning activities which build enhi | dr end s i deas ani
motivate them to actively participate and at the same time, allow them the necessary
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space and resources to foster creativity, consider alternative ideas and form positive
attitudes towards learning in general and learnaignee. Particular emphasis should

be given to encouraging children to ask questions, decide on their learning path
through planning their investigations and evaluating evidence. Teacher education
should allow preservice teachers to consider and evallegening activities through

the elements of inquiry which provide a much wider scope that includes all the above
mentioned points which were not commonly found in Greek policy and practice.

V The roles of materials

Materials and resources, as mentioned e Conceptual Framework, are very

important for teachers who plan their teaching towards fostering creativity. Teachers

have to be supported in order to acknowledge the variety of opportunities offered by

the thoughtful use of materials in early years rsoge and mathematics. Careful
selection of appropriate materials can su
curiosity and serve as a significant con
everyday life. Teacher education should be able to suppeohersain realizing how
materials support childrenb6és inquiries ir
search, as well as create appropriate resources for their planned learning activities.

V Group work and collaboration

Collaborative work is one of the mastportant and heavily promoted early years
learning approaches found in the literature but also featured as one of the most
crucial elements of the promoted pedagogy of the Greek curriculum. The findings of
the teacher survey revealed that teachers ovémimgly reported to using group
work very often in science and mathematics. It is recommended that teachers are
provided with guidance on the various purposes of collaborative work to be able to
plan collaborative learning activities which can contribotéhe pedagogy promoted

in the Creative Little Scientists project.

V Detailed guidance in assessment

Assessment has emerged as an aspect which is significantly underdeveloped in both
preschool and primary education. Teacher education should provide seadtnea
framework that will allow them to evaluate children using a variety of strategies,
both formative and summative, valuing diverse forms of assessment and involving
children in peer/seldssessment.

V Provide guidance on the importance of play in prinary science (link to the
preschool approach)

It is suggested that providing opportunities for primary teachers to include aims that
value the role of play and collaborative work which have been found to be
underrepresented in primary schools should be a part of teacher education. While
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forms of playfil exploration were particularly valued by preschool teachers based on
the data gathered during all stages of the project, the same cannot be said for their
counterparts in primary education. Playful exploration is downgraded as an important
teaching conte in the pedagogy of primary education, both in terms of policy and
recorded teaching practice. Primary teachers tend to use moreenlise teaching
contexts in their lessons compared to play, but interestingly, even when they design
learning activitieghat include forms of play, they still rely on a strong element of
completion staying away from op@&mded investigations. Teachers and student
teachers in primary education need to be supported to be able to recognise the
potential of operended playfulactivities for learning and feel confident to allow
children to make their own decisions regarding their learning path through these
particular kind of activities.

V Reflection / consideration of alternative ideas

The teacher has a key role to play in pranmg a supportive climate for debate,
questioning, feedback and critical reflection. Although reflection and reasoning was
highlighted in every teacher interview as an important aspect of children learning,

was not evident in the majority of lessons du¢hefact that teachers did not allow

children ample time to reflect on the activities carried out. It is recommended that
teachers are confident to allow children ample time to reflect on the activities carried

out in the <c¢l assr ommalso kehpromated ¢hrodgh teacherf | e c t |
guestioning, in order to assist in bringi
forms of expression. It is recommended that teachers are supported in experiencing
different types of questioning within the classroand their effectiveness in specific
classroom situations and contexts I n or ¢
reasoning.

V Highlight the role of multimodal expression and the benefits of formative
assessment as a tool to foster childreno

Theinf i el d work showed that <childrends mul't
majority of teachers in both preschool and primary education. Children were rarely
encouraged to represent and express their ideas in their own ways. It is suggested that
teachers ad student teachers are enabled to consider the purposes of recording,
selecting approaches appropriate for purpose and different ways of representing and
expressing ideas in order to strengthen ct

The recognition Dthe value of multimodal expression can be coupled with an
increased appreciation of the benefits of formative assessment. It is recommended
that teacher education provides opportunities for early years practitioners to examine
different assessment strgies and forms of evidence in early science and
mathematics in order to be supported in using assessment information to inform their
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planning and teaching. The data from thefieghd work revealed that formative

assessment was in large implicit in practicAn important part of this
recommendation has to focus on providing a greater recognition of the importance of
formative assessment in policy and the development of associated guidance for
teachers. Chil dr en 0 s-assessgnanyvelifer opportunites peer a
to consider alternative ideas, varied approaches to representation and to allow

children and teachers to reflect on learning.

6.5.2 Implications for Policy D evelopment
V Ensure a smooth transition from preschool to primary education

A recurring theme for a variety of comparison factors was the clear divide between
preschool and primary education. This is reflected in both policy and practice. Even
though the current curriculum preaches a common approach across all phases, this
consisteny is highlighted in the general statements and vision of the curriculum but

it gets lost in the main part of the curriculum where the learning objectives and
suggested activities are described. There is also no provision for ensuring that there
IS a smodt transition between the two phases in terms of pedagogy and focus. The
fieldwork also showed that there is no established process to support primary
teachers, the ones who take on the responsibility of this transition, either with
receiving assessment dafrom preschools or through meetings with preschool
teachers. In order to ensure childrenbds ¢t
thought out and targeted effort to bring teachers across both phases to collaborate,
exchange opinions and fital coordinate the learning path within a consistent
pedagogical framework.

V Promote understandings about the Nature of Science and scientific inquiry
in early years education

A common finding that has come out in each of the stages of the research was the
lack of attention paid to understandings about scientific inquiry and the Nature of
Science. This is particularly evident in policy, as the curriculum for both preschool
and primary education provides very limited and implicit guidance regarding the
promothg of wunderstandings about the Nature
survey, as well as the data gathered during thielith work point to the same
conclusions. The survey revealed that teachers, in both preschool and primary, felt
less confidentabout their understanding about scientific inquiry as well as their
competencies necessary to carry out scientific inquiry. Furthermore, classroom
observations did not provide any data to concerning understandings about the Nature
of Science as none of theachers in both levels mentioned the term in their
interviews or devoted portions of their lessons to fostering understandings about how
scientists develop knowledge and understanding of the surrounding world.
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Teacher education should support teachets sdndent teachers in conceptualising
the concept of the Nature of Science, by bringing them in contact with the science
education literature as well provide them with opportunities to experience and study
exemplary lessons that will allow them to clarihe concept and be able to define,
frame and recognize what is required of the learner.

V Allow flexibility to practitioners (time management, curriculum
requirements, example of flexible zone)

A very common complaint echoed in the policy review and fieltws the very
limited autonomy allowed to practitioners by the Greek educational system in terms
of both curriculum content and time management. The teachers who participated in
the fieldwork and several others who responded in the survey reporteding feel
severely limited within the constrictions of the curriculum. Teachers complained that
in order to cover the required curriculum content they have to make a number of
concessions in their preferred pedagogy, cutting activities short or failing to @rovid
the necessary space and time to children to reflect on the learning activities. It has to
be noted that the majority of lessons observed in primary schools were part of the
AFl exi ble Zoned which is the only portio
aubnomy to teachers and children to select topics and activities collaboratively.
There is a need for policy to move past allowing flexibility regarding time and space
to teachers but also to motivate and empower them to teach within an entirely
different famework, one that places the responsibility of planning on the teacher
making him accountable for his choices.

V Develop a consistent and appropriately realised CPD initiative for early
years practitioners (Contribute towards building and sustaining
communities of practice)

The findings which have come out of the research carried out by the project in
Greece clearly highlights an urgent need for CPD that addresses the fostering of
creativity in early science and mathematics. However, the failure of the Major
Professional Development Programme initiative proved that-ddeom, nationwide
approach to CPD is very problematic in terms of implementation, but more
importantly in terms of its failure to prompt significant change to practitioners. It is
recommendedhat CPD initiatives, although needed to be run through official
channels and authorities such as the Ministry of Education, should aim at not only
motivating practitioners to invite professional development opportunities but
empower them to create addited opportunities through collaborations with other
practitioners (through forming communities of practice), researchers and
stakeholders. There is a need for teachers to be allowed time and space in order to
take control of their professional developmestilar to what is required in order to
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foster creativity in early years science and mathematics according to the findings of
the research.

V Strengthen the role of nonformal and informal learning

The role of informal and neformal learning is downplayeth both policy and
practice in both phases. Thefiald research portion of the project provided some
indications of opportunities for informal learning in science and mathematics for
example within day to day routines or outdoor play areas. Theredsdafar policy

in Greece to recognise and take advantage of opportunities for informal learning
within the school environment and out of it.

V Organise widespread initiatives to raise the profile of science (such as
competitions, awards and collaborations)

National initiatives, such as competitions and awards held in a number of countries,

have been proven to succeed in raising the profile of science and mathematics. The
findings from the research carried out in the UK, where such initiatives have been
realised, support the value of such initiatives and recommend a wider recognition in

of ficial policy. Practitionersoé6 invol veme]
teachers to enhance their teaching by providing them with opportunities to get in
contactwith a variety of different sources for ideas, tools and learning activities, as

well as getting them to reflect on their teaching.

One type of such actions that can be organised is a widespread initiative to bring
together practitioners and researcheris Tecommendation stems from the research

portion of the Creative Little Scientists project. The vast majority of teachers

initiated informal conversations with the researchers about their teaching and asked

for comments and notes from the researchergiehreral, teachers seemed eager to

take part in conversations concerning thei
feedback (who can also be considered as an expert) is absent from their practice. A
number of teachers mentioned that participatiothe research was very helpful to

their practice and declared their availability to participate in future projects. A well

thought widespread initiative has the potential to forge strong long lasting
partnerships between researchers and practitionerehwhiould significantly
contribute to teachersd professional devel
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6.6 Malta

6.6.1 Approaches to Teacher Education
The following recommendations concern initial teacher training and continuous
professional development.

V Whole school approach to creativity resulting in a common understanding of
creativity

Even though a wholechool approach is encouraged in several policy documents, it
'S not clearly reflected in preschool an
innovaive thinking and creativity. Therefore, teachers need to be supported in
recognizing that creativity goes beyond learning areas, such as expressive arts. By
exposing teachers to the local and international examples captured in this study, they
could be hkped to consider creativity differently as something, which can be
promoted through pedagogical approaches used in the teaching of mathematics and
science. There is need for support to teachers to create a common understanding of
creativity as a common thee cutting across different learning areas. We also
recommend that teachers are introduced to ways to engage and introduce children to
lateral thinking, problensolving, questioning and critical thinking through initial

and continuous training through adties which they organise. This should also be
accompanied by fostering the importance of promoting autonomy for both children
and teachers to facilitate these creative skills. At a school level the school
management committees need to support the tesadhethis new direction by
allowing time to teach for creativity and provide adequate training to instil this new
objective in their teaching staff.

V Teaching for creativity

As the survey responses indicate teachers do acknowledge the presence ofycreativit

and express that they highly praise these instances in their classrooms. However,

even when collecting episodes of good practice in Maltese schools, which involved
observing teachers that intentionally incorporate creativity in their class, there was a

g eater emphasis on the teachersd own crea
Therefore, it is recommended that teachers are exposed to the examples collected in

this study that depict teaching for creativity in science and mathematics where

teacle r s promot e chil drenoés autonomy, creat
teaching to give the opportunity for the children to experience creativity but also
i ncorporate childrendés creativity as part

resources aremportant in this process, teachers need to be supported to recognize
that children should use these resources without restrictions. These examples can
also demonstrate how teachers can use different group work activities to provide
space for children to erk in an environment that supports creativity.
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V Assessing for creativity

Even though assessment is an important form of evaluation tool and considered
important by many teachers completing the survey and observed in the field,
assessment of creativity msissing. We recommend the introduction of a new way of
assessing where the process is more important than the product. By being exposed to
the exemplary teaching materials where other Maltese teachers use assessment,
which does not rely on providing the peected answer, but appreciates and gives
credit to the uniqueness of putting forward original responses, teachers can be
inspired to follow suit. This new conceptualization of assessment reflects better
learning that takes place during inquiry based ieginwhere the process and the

skill of investigation carry more value than the answer. Inquiry should also be

i ncluded and used as an assessment tool t
development of investigative skills such as observation andmieas skills along

with assessing for creativity.

V Shared understanding of inquiry based learning and scientific inquiry

Most of the inquiry captured in the practice episodes collected from local school
promote a highly structured and guided type of inguitven though this approach

has its own benefits that enhance both st
to teach for creativity that inquiry activities can provide is often overlooked. This
was also reflected in the survey responses as teacheked guided inquiry as
occurring most frequently in their classrooms. Their responses also hinted that even
though inquiry has become a familiar concepts its meaning is still blurry. Therefore,
there is a need to clarify the meaning of inquiry by emjaiag all its different
aspects including; engaging in scientifically oriented questions, giving priority to
evidence in responding to questions, formulating explanations from evidence,
connecting explanations to scientific or mathematical knowledge, and
communicating and justifying explanations. The exemplary teacher training material
can assist teacher educators in this task as they can illustrate these different aspects
as they occur in different international practice. Furthermore, teacher educators
should present how to use these tools by providing first hand experiences of open
inquiry and studeninitiated activities, so as for the teachers to be well equipped with

the necessary pedagogical skills to conduct ehiliated activities in future
practice. This training should be also continued within continuous professional
development with regards to planning ogmrded investigations leading to children
being creative as they inquire.

V Addressing teachersd confidence

The teachers in the survey indted a low level of confidence with regards to
conducting inquiry. This was accompanied by similar low confidence (4118%
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13.7%- very low) in understanding important scientific processes. Additionally, the
teachers identified that certain competea@nd experiences needed for the teaching

of science and mathematics were missing in their teacher education. A percentage of
teachers (16.5%) claimed that their education did not involve mathematics content;
whilst 17.5% of teacher expressed that thedlucation did not involve science
content. These declarations of lack of competence and confidence become visible
obstacles to the pedagogy promoted in this project, raising questions of how possible
it is for inquiry to become an integral part of classnoactivities. The survey
responses highlight a national need to adequately prepare student teachers during
initial teacher training and a need to continuously guide practicing teachers through
continuous professional development with regards to conterdudaject knowledge

of both mathematics and science along with process skills required to conduct simple
inquiry. These needs should be considered alongside adopting an inquiry based
learning and creative approaches since they all serve as a foundatibaséo t
promoted pedagogies. These obstacles could be overcome through exposing teachers
to the exemplary teaching training materials gathered as a result of this project, in
order for teachers to encounter examples of inquiry activities that will help them
increase their familiarity with scientific and mathematical processes and inquiry. By
re-enacting these activities during teacher training, teachers have the opportunity to
increase their first hand experiences of these inquiry processes whilst increasing t
confidence.

V Inquiry as a pedagogical tool to tap into the elements of creativity

Although investigations, explorations and inquiry are ranked high in both the
teachersdé and policyds agenda, its Iink
teaching examples captured in this study could help demonstrate how allocating
space and time for the children to express their ideas and try them out triggers
scientific learning, mathematical learning, and creativity. These examples illustrate
how operenda inquiry, which gives added freedom to the students, allows them to
put forward original and creative responses. They also illustrate a new form of
appreciation for uniqueness that is a common and important element in both inquiry
based learning and crest pedagogical approach. Therefore, exposure to these
training materials will better establish how inquiry based learning facilitates teaching
for creativity.

V Increasing the importance of science in primary education

Even though a great policy effort ppomote science as a core subject is underway,
science is still underrepresented in practice as 35.25% of teachers completing the
survey declare that they spend less than an hour per week on science, whilst 46.76%
dedicate less than two hours. Teachercathrs can make use of exemplary teaching
training materials to discuss time management skills in order to manage to dedicate a
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designated time to science to reflect the timetabling of the Junior cycle in the
National Framework Curriculum that declarestthmthematics and science should

be given 15% of the curricular time each. This opportunity might instil the
responsibility of primary class teachers to teach science in the early years classes.
This might be accompanied by efforts from school managenoemindtees to hold

class teachers accountable for teaching science even though there is no official
assessment. Furthermore, the social and affective dimensions of science learning
should be considered important and therefore increase the importancehirigeac
science in the early years.

V Provide meaningful CPD

The teacher responding to the survey identified networking as the most significant

CPD opportunity with the greatest perceived impact on their practice. Therefore, the

last recommendation regardingaitring involves increasing the opportunity of

networking with other teachers during CPD. The exemplary teaching training
materials from a CPD perspective can be seen as a form of networking as the work of
different Maltese and other international teachanare their ideas and practice.

These materials can be used in networking CPD events to promote discussions,

i nspire teachers and invite them to refle
their own.

6.6.2 Implications for Policy D evelopment

At policy level certain changes are also deemed important in order to establish
continuity between changes in initial teacher training and continuous professional
development that entail:

V Creating a greater emphasis on childés ¢

The lack of emphasisomad | drendés creativity in practic
though documents promote creativity through a whole school approach it falls short

of providing the instruments to do so. Therefore, policy should, in promoting
creativity through science andathematics education, provide practical examples on

how to foster creativity through the inquibased approach. The exemplary teacher

training material produced in this project can provide an opportunity for students and
practising teachers to be expoded t hi s fAhowodo el ement of cr ¢
can also illustrate how young children have the ability to participate in inquiry based

learning if given time, skills needed and freedom, which most likely results in their

own creative engagement. Itasso very important to go beyond just committing to

creativity and innovation in policy, but to go also highlight the need for teachers to

be responsible for promoting creativity as well as the pedagogies that encourage it.

The project CREATIVE LITTLE SCIENTISTS has received funding from the European Union’s Seventh Framework Programme
(FP7/2007-2013) for research, technological development and demonstration under grant agreement no 289081.

Page 51 of 64



< € ¥

f d b ;
n N |= m W> D6.6 Set of Recommendations to Policy Makers and Stakeholders
- M

V Policy effort to link mathematics to inquiry

Recent PISA and TIMSS results have put in motion an action plan to promote
science. This effort has resulted in the development of policy documents such as the
Vision for Science Education, which reflects a commitment to inquaised learning

as an integral part of science education. This ingo@sed approach has also been
included as a whole school approach in the new curriculum framework. However,
the contribution of the inquiry approach to mathematics is still implicit. Therefore, a
similar effort needs to be made to promote inquiry as an effective pedagogy also in
mathematics teaching. The exemplary teacher training materials collected in this
project provide a way to connect inquiry to both science and mathematics as they
give teachersaess to a variety of examples where other teachers have used inquiry
in mathematics education, and which illustrate how to use different aspects of inquiry
to foster learning and creativity.

V Importance to dedicating time to science by class teachers

An issue of time management has been identified in both practice and policy level. It
has to be said that the amount of science that is actually done in primary schools in
Malta is limited. This is not because official curricular documents do not
acknowledge lte need to include science in the curriculum, but since there is no
formal assessment of science at primary level, it ends up being the first subject,
which is neglected when there are time constraints in the school day. In addition,
there is little offical accountability on teachers to cover the whole curriculum
besides through summative assessment. This is particularly so in the case of state
schools. The resulting situation is that in State primary schools, science is mainly
done only when the scienceenpatetic teachers are in schools. This means that
children at most participate in one science activity once a fortnight. In the case of
Church and I ndependent school s, this depe
towards science. The result is that@mhurch schools there tends to be a science
curriculum and textbook, and in some cases a special science teacher is present.
However, the science may be traditional in approach and the inquiry approach still
needs to be promoted. Independent schools tepbtade greater space for children

to have science lessons regularly. However, as in the case of Church schools, this
does not necessarily mean that children are engaged regularly in ibgseg
learning. The situation is not the same in the case dienatics, as this is assessed
formally as from the age of 9. Therefore, teachers dedicate more of their class time
and energy to the learning of mathematical concepts and strategies. There are thus
regular mathematics lessons in the primary schools. AsusBed before the
exemplary training materials can foster a sense of responsibility in the student and
practising teachers. However, this effort needs to be supported by policy that makes
the class teacher responsible for providing science education.
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V Scierce and creativity

One of the main recommendations for policy relates to promoting creativity through
science education. It appears that while the National Curriculum Framework
documents have identified creativity and innovation as a-cwsgular themethis

is not discussed in any direct way in the document; Vision for Science Education,
and that possibly, should be included in the finalised version of the document. Again,

the exemplary teacher training materials are a resource, which can be used to
derbnstrate how inquiry, and wunrestricted
as tools to promote creativity through science.
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6.7 Portugal

Upon our observations and the case studies presented in the Portuguese D4.3
Country Report$ Report 7 of 9Country Report on waepth field work in Portugal
accessible in the CLS website, we would like to address some key points that may
summarize our findings and shed some light on teacher training issues, based on a
SWOT (Strengths, Weaknesses, Opportunitze® Threats) analysis. Bullet point
recommendations are drawn at the end of this chapter.

STRENGTHS

1 We have found teachers who were highigtivatedto participate in this research
by providing us the observation of teaching moments without any priot firgro
us.

1 Theydid not fearto be under observation.

1 Theydare to face new challengestside their comfort zone.

1 The children were easilgngagedin the activities,encouragedo share their
thoughts and suggestions, showicmnfidence creativity and paticipated with
enthusiasmfeeling at homeThis denotes a good relationship between teacher
and students, which is fundamental for these actions to have success.

WEAKNESSES

1 The sample reported in this document although significambtisepresentativef
the average of our country. The cases were chosen after our previous knowledge
that school teachers and students they would be interested in cooperating with this
research.

T Generally speaking dur i traningimsciencesgndaduat i
mathematicsis weak and superficialCreativity is not, or at most it is only
marginally, explored or even mentioned.

1 Theteachers feel the need to have training in sciences and mathematics in the
framework of their mandatorgontinuous professional training, and yet the
offering of those kind of trainings scarce

1 There is dack of interactioramong teachers to share expertise anefiect on
their practices.

OPPORTUNITIES

1 The results presented show that teachers andirehilare easily engaged in
sciences and mathematics activities beyond the curriculum, giving them the
chance to discover new subjects of interest and through which imagination and
creativity are put to work.
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1 This research endeavored the cases under dtedypportunity to get away from
their usual territories with pleasant results.

There is an urgent need to create and to offer training workshops for the early years
of education, not only for updating scientific knowledge, but also for different and
effecive teaching techniques and strategies.

In one of our cases, it can be seen that starting with a simple string it is possible to
draw an extraordinary session of science learning with imagination and creativity of
the children guiding the process. It istr@omatter of money, but will and creativity

of both teachers and institutions.

THREATS

1 The political, economic and social context of Portugal is a major constraint for the
implementation and development of new ways to promote science and
mathematics irarly years of school.

1 The teachers are under an extreme stress and menace, as their binding to the
educational system was drastically weakened, which compromises their best
wishes to participate in improving the system.

1 Increasing academic qualificatiois no more rewarding for teachers: they may
spend a lot of money and time to make a masters or a PhD, but in the end they are
not promoted and their improved knowledge and skills are not an asset to the
system, so they feel.

1 The fear to interact, to shakeowledge and skills, to assess and to be assessed by
peers is not a habit in the Portuguese culture.

Upon our observations and the case studies presented in the Portuguese D4.3
Country Report$ Report 7 of 9: Country Report on-depth field work in Pottgal
accessible in the CLS website, a final meeting with stakeholders, and from the
arguments presented in chapters 3 to 4 in this report, we would like to enhance some
key points and to point some recommendations.

In preschool, teachers have more freedowork with diverse topics and interesting

students, depending on their interests. There are many subjects in primary education,
because the curriculum is very widea n gi n g, and teacher doesn
comply it. Moreover, it is necessary to paep students for the final exams at the end

of primary education. Teachers in fehool education are therefore always more

open to new experiences and new approaches to exploit with their students.

Greater emphasis on math for results at the nationall,leand mathematical
challenges help students to achieve patience, to reflect, to not give up, helps
concentration, and any other areas do this often, almost like a moral lesson that take
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into your life, so there are no relevant differences observed hetasence and
mathematics.

As stated in part 3.1L Rationale or Vision of this report, creativity is not mentioned

as a purpose in the curriculum of "Environmental Studies" of the 1st cycle of Basic
Education or in the curriculum guidelines for ys@hod education, although the

Basic Law of the Portuguese Education Sys
devel op the childdés capacities of expres
creative imagination [...]".

The theme of creativity is a "iadively recent trend" and very often teachers do not

have the necessary tools and training to foster creativity. It is required more and
better preparation by teachers as they ha
comments and guide them to reatlle intended goals without defraud their
expectations.

6.7.1 Initial teacher education

Initial teacher education is carried out in higher education institutions with the
Master's degree being the minimum academic qualification for the teaching
professionaccording to the changes introduced by the Bologna Process.

The teacher training during their graduation should include more and deeper learning
in sciences and mathematics. The teachers themselves recognise their poor
proficiency in these matters and aviling to access opportunities to improve their
scientific knowledge and related didactical and pedagogical skills. The peer
interaction and the sharing of knowledge and skills, assess and be assessed by peers
is not a habit in Portuguese culture, neittine teacher training suppresses this gap.

6.7.2 Continuous Professional Development (CPD)

Increasing academic qualifications is no more rewarding for teachers: they may

spend a lot of money and time to make a masters or a PhD, but in the end they are
notpromoted and their improved knowledge and skills are not an asset to the system.

There is an urgent need to create and to offer training workshops for the early years
of education, not only for updating scientific knowledge, but also for different and
effective teaching techniques and strategies. It is recognized by the teachers their
lack of initial and further training on sciences and mathematics but not of motivation

to undergo CPD on these areas. CPD of teachers should be reinforced in the areas of
science and mathematics in early years of education, which lack diversity and
extensive territorial range. Namely, at m&hool level, the opportunities for this kind

of CPD is scarce and in many regions is absent.

In the Portuguese educational system CPDna@datory, and yet it is possible a
teacher to complete a full teaching career without making any CPD in sciences and
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mathematics. Therefore, it would be very much welcome the obligation for every
teacher to make a CPD in these areas from time to time.

6.7.3 Main recommendations:

V Educational policies should be set to last at least for one generation (ideally for
several generations on its main guidelines) with only minor adjustments to be
made according to the evolution of the societies.

V Educational policies should be sound carefully designed and validated as
extensively as possible taking into account the most update well established
knowledge in science and math education in particular, in this context,-at pre
primary and primary schodével. Policy makers should refrain to impose their
own personal, not widely validated by teachers and researchers in the field,
believes seeking the advice of the widest range of recognised specialists, the
schools teachers and parents and civil societyds.

V Initial teacher training at higher education institutions should be reformulated
with major efforts being made on the implementation of active handsarning
teaching/learning student (future teacher and educator) centred.

V Increased attentionhsuld, on the initial teacher training, be paid and a clear
focus be given to the training on scientific and technical knowledge and
competencies on science and maths subject in order to guarantee to future
teachers and educators a strong scientific titera all fields of science that will
allow them to address these issues at different levels of complexity at the
different preschool and primary school level.

V Increased attention should, on the initial teacher training, be paid to the training
on creativty and practical learning on strategies of promotion of creativity and on
the benefits of its use in the development of the young students. As well IBSE
and new trends on early year and primary school educational strategies should be
widely and carefullyaddressed.

V The three last recommendations should apply also-senvice teacher training.
That should be generalised increasing the training offer as well and the training
opportunities giving teachers and educator practical condition to pursue this
training in an effective (and not just apparent as currently most frequently it
happens).

V Continuous irservice teacher training should be performed or validated by the
active intervention of higher education specialists in the field. The contribution as
advisors and or trainers of school teachers and educator should be considered of
utmost importance.
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The recognition of the social importance of the teacher and educators should be
clearly and effectively made by policy makers and stakeholders.

V Peer support ifundamental to the success of the teaching/learning process and
pre-primary and primary education.

V Each teacher/educator should have in her/his classroom the support of a specialist
or preferentially another teacher on the first year of her/his profetéifena

V The number of students per classroom and teacher should be limited in order to
allow teachers and educators to give the proper individual and special support to
each student in the different stages of their intellectual development.

V The curriculagoals and main implementation strategies should be clearly stated
but its design and implementation should be flexible and responsibility of the
teacher and school.

6.7.4 Concluding remarks

At the present time, the political, economic and social conteRbdiigal is a major
constraint for the implementation and development of new ways to promote science
and mathematics in early years of school. The teachers are under an extreme stress
and menace, as their binding to the educational system was drastieakgned.

The constrictions hitting the teachers such as income reduction, increasing the
number of students per class, increase of bureaucratic work, no career progression,
constant changes in curricular design (contents, goals, etc.), and others, ciemprom
their best wishes to participate in improving the system.

However, children are easily engaged in activities of science and mathematics. They
respond positively to creative approaches and exhibit their own imagination and
creativity. They share theirhoughts and suggestions, showing confidence,
participating with enthusiasm, and feeling at home if there is a good relationship
between teacher and students.

To promote creativity and imagination in early years of school, preserving the
freshness and infectual curiosity of children and fostering higher levels of
performance in later years is not only a matter of money, but will and creativity of
both teachers and institutions, as long as educational political makers fully
accomplish their mission.

The project CREATIVE LITTLE SCIENTISTS has received funding from the European Union’s Seventh Framework Programme
(FP7/2007-2013) for research, technological development and demonstration under grant agreement no 289081.

Page 58 of 64



D6.6 Set of Recommendations to Policy Makers and Stakeholders

6.8.1 Approaches to Teacher Education

Findings from the UK based work suggest implications for work in initial teacher
education and continuing professional development. In particular, vignettes from the

case studies could play a very useful roleupporting such development work with

both teacher training groups, and in enhancing professional recognition of young
childrenbds capabilities in the early year s

V Professional conceptions of inquiry, problem solving and creativity in
mathematics and science

It is clear it would benefit professionals to examine the aims of science and
mathematics education, with a particular focus on the roles and nature of inquiry,
problem solving and creativity in these areas and why they matter. It is suggested
that the use of examples from the study could help teachers observe classroom
practice in order to identify and discuss evidence of creativity in learning and
teaching. Irturn, this could support the explicit planning for IBSE and creativity that
was rarely seen in schools.

V Whole school approaches.

It is recommended that consideration is given to whole school curriculum planning

for creative teaching and learning and imgbased approaches in mathematics and

science and to whole school planning and infrastructures that maximise opportunities

for such learning in the school grounds and wider environment. Additionally,
approaches to timetabling and planning need to bewedién order to ensure there

is time for extended inquiries that buil d
teachers, practitioners and schools also need to be more aware of organisations and
networks within the science/mathematics/creativity comtrashthat might provide

support.

Pedagogical Framing
V The roles of materials.

Resources were seen to be critical to fostering creativity in early mathematics and
science. Teachers and student teachers need to be supported to recognise the
potentialineer yday materials and the 1 mportance
resources to gain insights into their developing explorations and thinking.
Additionally, they need to examine the ways in which the organisation and nature of
resources can both constralmnd extend chil drenés explora
examples from the study could inform a more explicit approach to the provision and
planning of resources including information and communications technology.
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V Grouping practices.

Varied forms of grouimg were seen for different purposes. It is recommended that
teachers and student teachers are enabled to explore the ways in which tasks can be
designed with appropriate resources to support collaboration and how they can help
children to collaborate eftd#ively, encouraging them to articulate their ideas and
exchange and evaluate these.

V Planning.

Professionals planned for extended engagement and progression over time, this

i ncluded building seriously on chitldrenos
consideration is given to time for immersion, play and exploration as the critical

context and of motivating starting points and child initiation of inquiry. Additionally

attention needs to be paid to being flexible with the timetable to allow extended

inquiry and follow through and being flexible with the available space and resources

to nurture creativity and help children make connections across experiences and links

to everyday life. Recognising the role of motivation and affect is also recommended.

Pedagogical Interactions
V Teacher scaffolding.

Teachers showed varied awareness of their
and creativity. It is recommended that teachers and student teachers are enabled to
consider ways in which they can scaffold learning in mathematics and science that

suppat the development of creativity. They need to appreciate the value of
establishing opeended learning activities and to recognise the moment to intervene

with appropriate questioning to support inquiry, and when to stand back in order to
observe,listemnd build from the childrends inter e

V Designing learning activities.

Widespread opportunities for observing, communicating and making connections,
associated with the generation of ideas were noted, but less attention was given to

c hi | dr e ndiimns, plammng gf ineestigations or the evaluation of evidence. It

is thus suggested that teachers and stugechers are supported to consider the

different purposes of inquiry and the ways in which everyday learning activities can

be opened up to law greater opportunities for inquiry, problem solving and
creativity. Additionally, childrenos rol
evidence in inquiry and the connections between these deserve attention, as do the
connections between the developmef understanding of concepts and procedures

in science and mathematics and the processes of inquiry.
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V Teacher questioning.

The 1 mportance of teacher guestioning i n
recognised across all four stages of the worlparticular in relation to eliciting and

fostering reflection and reasoningwhich the fieldwork found was rarely
unprompted. It is important not to underestimate this role. The fieldwork also
highlighted the complexity of when to intervene with questiord which might be

t he most productive in fostering childrer
Thus teachers and student teachers need to be enabled to consider different forms of
qguestioning and their productivity in different contexts, as well asswaly
encouraging chil drenods guestions, parti ct
guestions which have the potential to be generative and/or evaluative and thus
support their creativity. In addition they need to examine strategies for building on

childr endés questions and the significance of
their responses.

V The use of ICT.

This was rarely employed except on the part of the teachers and thus comprises an
area for development for teachers and student teachesscdiid include the roles

of ICT in enhancing observations, making measurements, collecting data; recording,
presenting and analysing data; modelling ideas; searching for information;
controlling models; and communicating findings in a variety of waysxdgament

issues and those relating to support of ICT in classrooms may also need to be
conjointly considered.

V Forms of representation and expression.

The practice of children being enabled to represent and express their ideas in their

own ways was notwidespread, these lessened opportunities for exploration,
reflection and dialogue about learning, yet where teachers left open how ideas might

be recorded this helped to free childrend
teachers and student teach are enabled to consider the purposes of recording,
selecting approaches appropriate for purpose and different ways of representing and
expressing ideas, as well as recording as a process, to support thinking, reflection and
dialogue.

V Assessment fotearning

Assessment has emerged as a key area for development throughout the project. It is
clear there is a vitally important role for teachers with regard to listening, observing
patterns in action and in i1idennofthgi ng ch
childrends inquiries were often 1 mplicit
therefore highly recommended that teachers and student teachers are enabled to
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examine different assessment strategies and forms of evidence in early scténce an
mathematics and are helped to use assessment information to inform planning and
teaching. In addition they need help to integrate peer aneassssment into
teaching and | earning processes and wunder
class floorbooks in encouraging revisiting and reflection on learning.

V Classroom research as a tool to develop practice

Teachers involved in this study valued the opportunity to reflect on and examine
their own practices. This has implications for teachers archéeaeducation with
regard to integrating professional enquiry as a mode of learning.

6.8.2 Implications for Policy D evelopment

The case study findings have implications for policy across the United Kingdom,
policy that would help enable teachers totdoscreativity in early science and
mathematics. The key policy implications are outlined below.

V CPD entitlement

There is a need for CPD that addresses the fostering of creativity in early science and

mat hemati cs. This woul dcognéian df the ovalue efv el o p :
developing creativity in and through mathematics and science and the mutual
benefits af forded; teachersé capacities

creativity through science and mathematics, by considering the curripatemntial,
and teachersé sensitivity to expressions
aspects of learning, so as to recognise, engage with and extend these.

V Training for science and mathematics cebrdinators

Science and mathematics coordinatoeed specialist training and support for the
development of school level policy and practice if they are to play key roles in the
development of wholschool approaches in this area. School wide approaches can

help to ensure greater consistency and gagis i on i n chil drends ex
can provide a framework for professional reflection on provision that seeks to
develop childrendéds creativity in early sci
time.

V Potential of projects and initiatives to raise the profile of science

The potential of recent national initiatives and award schemes to support schools in
raising the profile of science and mathematics in the curriculum was demonstrated.
The value of suclnitiatives and projects related to science and mathematics could

be more widely recognised in policy. Wider dissemination and sharing of examples
such as working towards awards (e.g. Gold Quality Mark, Eco School Status or using
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the Healthy Schools toolfji would help generate enthusiasm and encourage other
schools seeking to enhance learning and teaching in science and mathematics.

V Policy coherence

There is a need for increased coherence across policy and associated guidelines
related to curriculum, magogy and assessment. While the importance of inquiry and
creativity is often recognised in the rationale and aims of the curriculum, these
dimensions are reflected to varying degrees in curriculum or assessment
requirements or in guidance in relatiorpedagogy.

V Curriculum space and time

Early primary teachers found it more challenging (due to a crowded curriculum and
performative pressures), than their early years counterparts to find the time and space
for children to pose and respond to their owresiions, and to investigate and
generate creative responses. Policy frameworks for science and mathematics need to
allow sufficient flexibility in space and time by ensuring the curriculum itself is not
overcrowded, and that the breadth of inherent pdiggibh any aspect of the
curriculum is not so narrow as to stifle creative engagement by children.

V Valuing formative assessment

Whil st chil drenbd6s e-agessnenneffared oppartungiesdor an d
considering alternative ideas, and varipgr@aches to representation and expression
allowed children and teachers to reflect on learning, on the whole formative
assessment was often implicit in practice, rather than employed in strategic ways to
support and evaluate learning and teaching. Ass#swas also an area in which a

number of teachers indicated they were less confident. There is thus need for greater
recognition of the importance of formative assessment in policy and the development

of associated guidance for teachers.
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