APPENDIX O  


International Programmes Review

Since the previous literature review (Fleer, March and Gunstone, 2006) there have been significant developments in the availability of information on international programmes which address SET engagement for young children, particularly in the pre-school age group.   A range of programmes are reviewed in this Appendix, commencing with Canada’s Wings of Discovery®.
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1.  Wings of Discovery®
Let’s Talk Science (LTS), Ontario, Canada
http://www.letstalkscience.ca 
Wings of Discovery® is a pre-school programme supported by a robust evidence-based research base and has undergone significant evaluation.  It appears to have much to offer of relevance to the subject under review in Australia, particularly given the cultural and Indigenous parallels.  The major points of the Wings of Discovery®  programme are contained in the Power Point presentation “Overseas Programme Overview” in Appendix G.

The Wings of Discovery® programme specifically focuses on engagement in science and among the statements relating to its mission, we have found in the literature:
“Let’s Talk Science – inspiring discovery”

“Let’s Talk Science strives to improve Science literacy through leadership, innovative educational programmes, research and advocacy.  We motivate and empower youth to use science, technology and engineering to develop critical skills, knowledge and attitudes needed to thrive in our world.” (LTS, 2005: p3)

“Our vision is for Canadians to recognize that Science is intrinsic to their lives and acknowledge the fundamental importance of a quality Science education to prepare young people for our rapidly changing world.” (LTS, 2005: p3)

Wings of Discovery®: “children playing with the world”

(AEG-LTS Dec 2005 summary)

Wings of Discovery® is described in AEG (2005) as:

“an experiential learning programme for young children, infant to 6 years, that inspires discovery and learning through hands-on, minds-on experiences.  The programme uses science inquiry as a learning platform to encourage children to discover their world and build: self-confidence and pride of accomplishment; positive attitudes; social skills; language and math skills; knowledge.”

AEG (2005) 

Wings of Discovery® underwent an extensive development and evaluation cycle throughout its development period.  As such, the Wings of Discovery® has been extensively evaluated.  
Wings of Discovery® is a comprehensive early learning programme for Early Childhood Education (0-5) and Kindergarten children (5-6) in Canada, based on a science inquiry platform, with a solid underpinning of evidence-based research.   Developed, tested and evaluated over a four-year period and released nationally in 2004, with a Kindergarten resource released in 2006.  The Early Years programme is currently being used at over 600 sites throughout Canada in a wide variety of settings:

· Child care centres

· Head Start programmes

· Nursery schools

· Resource centres

· Home child cares

· Preservice instruction for early childhood education students at community colleges

(LTS, 2007: p6)

An interesting feature of this programme is that its development commenced with the younger age group (0-5) and then progressed to kindergarten (5-6), as opposed to filtering down from a primary school age programme.  This approach is consistent with the findings in McCain, Mustard and Shanker (2007).

LTS (2007) emphasise the following points from McCain, Mustard and Shanker (2007) as a rationale for Wings of Discovery®:

· The return on investment is at least 8:1 for early childhood development programmes

· Investment in early learning reaps long-term social benefits

· The first six years lay the foundations for life-long learning, behaviour and health

· Children’s earliest experiences have far-reaching and solidifying effects on the development of their brain and behaviours

· Parents and early caregivers have a profound effect on children’s development and learning

(LTS, 2007: p4)

LTS (2007) add the following point to the rationale:

· Children are natural explorers and are intrigued by science and technology (S&T), yet most early years educators lack training in S&T:  An effective, inexpensive, user-friendly programme was needed

(LTS, 2007: p4)

The rationale for Wings of Discovery® has also been translated into an expansive set of curriculum statements designed specifically for preschool children, as shown  in Table A1 below:
Table A1:  Wings of Discovery® Curriculum Beliefs
	Wings of Discovery® Curriculum Beliefs

(LTS, 2005: p3)

	1.  All young children should have access to high quality, inclusive, hands-on and inquiry-based learning

	2.  Science is an effective platform for early learning and that early years educators can be well prepared and motivated to use hands-on and inquiry-based science learning opportunities regularly; and

	3.  Young children have an innate sense of wonder about the world and must be equipped with the knowledge, skills and positive attitudes needed to allow them to discover and learn throughout their lives.

	    


Table A2 below outlines the most important features of the Wings of Discovery® programme:
Table A2:  Features of Wings of Discovery®
	Features of Wings of Discovery®

(LTS, 2005)

	1.  Activities situate learning in the real world

	2.  Develops key skills:

· Inquiry and problem solving skills

· Observing; questioning; investigating; reasoning; relating

· Language and literacy skills

· Vocabulary-building; speaking and listening; communicating (non-verbally); using media

· Personal and social skills

· Cooperating; self-esteem building; healthy living; communicating (self-expression); risk taking

· Physical skills

· Constructing; manipulating tools and materials; operating technology; coordinating muscles

	3.  Develops enduring understandings

· Of the Natural World

· Eg. characteristics and needs of plants and animals; patterns and cycles in the natural world

· Of the Physical World

· Eg. Sources and effects of energy; characteristics and functions of various objects and materials

· Of the Technological World

· Eg. effects of technology on people; characteristics and function of technology

	4.  Based on constructivism

	5.  Uses a multimodal teaching approach

	6.  Takes account of ‘critical periods’ in a child’s development

	7.  Influenced by innovative approaches, such as Montessori (Italy), High/Scope® (US), Reggio Emilia (northern Italy) and The Project Approach (US)

	8.  A foundation for school readiness and life-long learning

	              


What is evident in the documentation for Wings of Discovery® is an understanding of, and connection with, major international developments in early childhood education, including Reggio Emila, and Best Start (see below).


Wings of Discovery® is consistent with the set of guiding principles identified in Best Start (2006) to orient early learning in Ontario, Canada:

Table A3:  Principles of Best Start, Canada

	Early Learning for Every Child Today

Principles to orient early learning in Ontario, Canada 

(Best Start, 2006: p7)

	Early child development sets the foundation for lifelong learning, behaviour and health.

	Partnerships with families and communities strengthen the ability of early childhood settings to meet the needs of young children.

	Demonstration of respect for diversity, equity and inclusion are prerequisites for optimal development and learning.

	A planned curriculum supports early learning.

	Play is a means to early learning that capitalizes on children’s natural curiosity and exuberance.

	Knowledgeable and responsive early childhood practitioners are essential to early childhood settings. (reflective practitioners)

	        


Recommendation

We note that the Wings of Discovery® programme was developed in the context of Best Start and research into the importance of early education.  SET development in Australia should be embedded within existing policy and curriculum imperatives so that SET is not viewed as something needed to be ‘added on’, but rather as embedded within existing  practices
The Wings of Discovery® as part of its developmental platform has taken into account major research and programme initiatives at the international level (eg Reggio Emila) and a the national level (Best Start – Canada), with the latter being part of an international trend in bringing all government early childhood services together in one programme.  The development of a science programme within the context of these policy trends means that the resource is located in the practices of the profession, rather than simply something that has been designed separately that must be ‘added on’ for practitioners use.  This is an important design principle that was also discussed at the National Think Tank, where participants expressed concern for an already crowded curriculum.

The underlying principles of Wings of Discovery® are summed up in Table A4 below:

Table A4 – Principles of Wings of Discovery®
	Wings of Discovery®  principles

(LTS, 2005 p10-11)

	Teaching Strategies

	1.  Use a variety of teaching strategies, including:

	2.  Active problem-solving

	3.  Individual, small group and large group activities

	4.  Investigation stations/discovery centres

	5.  Observational activities

	6.  Structured and free play

	7.  Teachable moments (both inside and outside)

	8.  Teacher-directed and self-directed activities

	The Role of Educators

	1.  the provider of a rich and stimulating learning environment

	2.  the spark that sets off new discovery and active exploration

	3.  the knowledgeable person who listens closely and helps to find answers

	4.  the model for positive learning habits and attitudes

	The Role of Parents

	1.  the first educators of their children

	2.  partners and supporters for Wings of Discovery® , encouraging the use of newly-acquired skills and application of science concepts at home

	3.  encourage children to talk about ideas, extend their thinking and provide additional relevant science experiences (from the Parent guides)

	The Learning Environment
1.  Children need to have the right tools to develop their skills and build their knowledge.

	2. provides children with diverse objects and materials to observe and manipulate

	3. is often changed to encourage curiosity, new learning and thinking

	4. is set up so that the activities are hands-on and child-directed

	6. is safe and provides opportunities for independent and cooperative work

	7. is intrinsically motivating and meaningful

	8. a diverse, interesting and hands-on learning environment provides the greatest opportunity for building meaningful life experiences.  It may include such things as:

· a science activity centre

· photographs and 3-D representations of real animals

· a sensory table with interesting solid and liquid materials

· live plants and animals (where allowed)

· tools for investigation (binoculars, magnifying glasses, etc.)

· tools for measuring

· materials and tools for building 

· a garden, bird feeders etc.

	                                              


1.1 Programme Development Process

The Wings of Discovery® Early Years programme development process, encompassed the following steps:

· 1999 - Approach from early childhood centre, The Butterfly Learning Centre, to develop a quality science and technology programme, prior to the centre being launched in 2000

· Market research to establish the need for such a programme

· Funding sought and secured 

· Curriculum developed as a framework for developing the programme

· Projects developed with involvement from BLC

· Projects field –tested at BLC and three sites in southwestern Ontario (including a First Nations day care facility)

· 2004 - Publication of the resources

· Evaluation of Early Years Programme (AEG, 2004)

· Educator training and support materials developed

· 2002 – 2004 - Weekly field testing 

· Testing in three classes per centre

· 300 activities tested with pre-school children

· Ongoing support from LTS via:

· Telephone hotline

· Email

· On-line discussion group

· Training workshops

· Conference presentations

Funding of approximately $1 million was received from partner organisations over the period 2002 – 2005.  (LTS, 2007)

The Early Years Programme includes:-
· Educator training and support materials:

· 12 Early Years Project binders, such as:  Trip to my home, trip under the surface, trip back in time, each comprising

· 30 or more activities

· Activity suggestions for infants and toddlers

· Educator and parent resources related to each topic

· Innovative, flexible planning system

(LTS, 2007: p9)

The inclusion of resources that can be sent home with children to engage parents in their learning is an interesting feature of Wings of Discovery®.
We noted that the theme of the Early Years’ resource is the ‘trip’ eg. Trip to my garden, Trip under the surface.  This is consistent with the notion raised at the National Think Tank of ‘the journey as the learning experience’, whereby preschool children have been found to relate to abstract concepts better by taking a journey into a tent related to that abstract concept (Gordon).  This is also featured in Scholastic Publishing’s Magic School Bus school science resource.  (http://www.scholastic.com/magicschoolbus/).  In The Tool Kit for Early Childhood Science Education project, reviewed below, Worth and Grollman (2003) also caution the need for direct experience with abstract concepts.
1.2 Evaluation Results

Year one and two evaluations of the Early Years programme have been carried out Queen’s University, Assessment and Evaluation Group and the results are reported in AEG (2004) and AEG (2005). Year one evaluation focused on the veracity of the programme, year two on the programme’s influence on the behaviours and thinking of children, early years educators and parents. The collection of baseline data that could lead to assessing the impact of the programme on children’s growth and achievement over time has begun and the authors believe the programme is ready for a controlled, longitudinal programme evaluation. (AEG, 2005: p3).
Evaluation of the first two years of the programme concluded that children:

· Showed an enthusiasm for science

· Responded thoughtfully to questions

· Acquired science vocabulary and ideas

· Developed “school readiness” skills

(LTS, 2007: P12)

In addition, parents reported that learning and experience arising from the programme was being transferred into the home environment.  (AEG, 2005)

LTS believes that Wings of Discovery® builds educators’ confidence in their knowledge and ability to teach science and technology confidently in an engaging, age-appropriate manner (LTS, 2007)

The AEG evaluation found that educators demonstrated a growing ability to:

· Model what it means to be a learner

· Support discovery

· Adapt the programme to meet the needs and interests of children

(LTS, 2007: p 12)

Further evaluation is planned for year three, which will examine more thoroughly the transferability of the Wings of Discovery ® programme, with a particular emphasis on supporting the professional learning of the early childhood educator who are seen as pivotal to successful implementation of the programme.  Other areas of research into Wings of Discovery ® include further examination of the programme’s impact on school ‘readiness’ factors and the impact of the complementary Wings of Discovery®  Kindergarten programme on student attitudes and achievement.  (AEG, 2005).
1.3 The Wings of Discovery® Kindergarten Resource development process

Following the success of the Early Years Programme, a companion Kindergarten (ages 5-6) resource was developed over a three year period.  The steps involved were:

· 2003-2004 - Waterloo Region District School Board (WRDSB) operated a Kindergarten class at BLC 

· 2004-2005 - Kindergarten resource piloted at 17 other schools in WRDSB 

· 2005-2006 - Kindergarten resource field tested in 4 different school boards in Ontario 

· 2005-2006 – Kindergarten resource is reviewed by 30 educators across Canada

· 2006 – Kindergarten resource published

(LTS, 2007: p18)
The Wings of Discovery® Kindergarten Resource comprises:

12 learning units, such as Weather watchers, bounce and roll, symphony of sound, each includes:

· Guided science and technology learning activities (group and small group)

· A celebration activity

· Extension ideas for integrating with other subjects

· Activity-linked colour photo cards

· Parent communication tools

· Provincial and territorial curriculum connections to all subject areas

(LTS, 2007: p19)

One barrier to implementing internet-based training and support was identified as poor computer infrastructure (slow internet connections, lack of technical support) led to lack of use.
1.4 Adoption and Adaptation by Indigenous Communities

From the involvement of a Chippewa First Nation childcare centre in the early testing of the Early Years Programme, uptake by the Canadian Aboriginal community has grown to account for 35% of the 600+ centres using the programme in 2007.  A National Aboriginal Advisory Council, chaired by Senator Lilllian Dyck, has been formed to guide the development of the programme for this audience and to develop Aboriginal content according to INAC (2007).

“Wings of Discovery®’s holistic approach to engaging children in real-world experiences using the method of respectful discovery was strongly aligned with Aboriginal approaches to teaching and learning.”  

(INAC, 2007: p7)

“Wings of Discovery® shows a respect for the environment, a stance shared by First Nations people.”  

(Educator, First Nations, on reserve in INAC, 2007: p7)

Results of an LTS telephone survey of 104 centres, 24 sites about using Wings of Discovery® with Aboriginal children showed strong support for the programme and interest in adding Aboriginal cultural content according to INAC (2007).  LTS currently has a focus on enhancing the cultural sensitivity of the programme within Canadian Aboriginal communities particularly First Nations. (Author correspondence with LTS).  One educator using Wings of Discovery® found value in the school readiness aspect of the programme:
“Learning science concepts makes the transition to school easier.”  

(Educator, Métis, urban, in LTS, 2007: P 5)

1.5 Wings of Discovery® Overseas

Some individual sales of the resource have been made to Hong Kong, Brazil, Mexico and the United States, but no formal trialling or evaluations have yet been made with overseas partners.   Exploring the transferability of the programme to other countries may be of interest to LTS in the future. (Author correspondence with LTS)

Recommendation 

Given the robust, evidence-based evaluation of this programme, we recommend establishing a research project to evaluate the transferability of the programme to Australia.

Queen’s University (AEG, Dec 2005) found that Wings worked best when

· Play was featured (EC educators approached Wings as “serious fun”)

· The learning of novice implementers was scaffolded

· Children’s thinking becomes the focus of attention

· EC educators and centre administrators have a shared vision for the curriculum and EC educators are skilled enough in science to use the curriculum binders as guides for planning 

· Planning is not done in isolation and EC educators have planning time built into their day

AEG(Dec 2005) describe ‘beginning’, ‘developing’ and ‘advancing’ comfort levels with the Wings of Discovery® programme. 

1.6 Science with Impact

Science with Impact is a training programme for SET outreach professionals and volunteers who communicate with children and youth, which is also run by Let’s Talk Science, Canada.  In our review of the literature we have also noted a trend in the US towards addressing the communications training of engineering students and professionals (see Engineering Engagement Update Section above.)

Recommendation

We believe it would be mutually beneficial to link SET communications specialists from the informal learning sector, such as Science Play, with early childhood centres.  Such linkages should be fostered and systemic ways in which this can be initiated and maintained should be explored.  There may be scope for the informal learning professionals to manage the SET learning resources for the early childhood Centres.

2.  The Tool Kit for Early Childhood Science Education project

The Tool Kit for Early Childhood Science Education project (the Tool Kit project) is a National Science Foundation funded project to improve science education in preschool centres in the US.  It consists of three units, or curriculum guides on the subjects of Structures, Water and Discovering Nature; consistent with the themes that were found by Worth and Grollman (2003) to allow young children to engage with content, namely:  Life science, physical science, earth science and space science and the book “Worms, Shadows and Whirlpools”. 
The Tool Kit project was the winner of the 2006 European “Purkwa prize” for the scientific literacy of the children of the planet.

The programme, according to the book “Worms, Shadows and Whirlpools” which has reviewed the experiences of the project,  is said to draw on the work on developmentally appropriate practice of the national Association for the Education of Young Children and is consistent with the National Science Education Standards 1996 and Benchmarks for Science Literacy 1993 (Worth and Grollman, 2003).

2.1 Goals of the Tool Kit project

The goals of the Tool Kit for Early Childhood Science Education project were stated in the evaluation report to be:

· “To support the improvement of science teaching and learning in early childhood centres [Head Start, day care, nursery, and public schools] for pre-school children (ages 3-5).

· To support administrators (directors, principles), staff developers … and state and national policy makers in developing the knowledge and skills they need to bring quality science education to the young children in their programmes.

· To provide the early childhood and science education communities with a new understanding of young children’s capabilities and a comprehensive approach to improving the quality of science education in the many and varied early childhood programmes throughout the country.”
(Storeygard, Sandler and Baker Cohen, 2003: p2)

2.2 Gains from the project
The final evaluation of the Tool Kit project undertaken by Lesley University in collaboration with EDC staff in 2003, described in Storeygard, Sandler and Baker Cohen (2003), examined the development, pilot and field test phases (one year each) of the project with a combination of observation (51 in total), teacher interviews (117) and coordinator interviews (21), surveys (75) and reviews of project documents, teacher journals and student work.

Gains in terms of student learning from participation in the Tool Kit project, were found to include:

· “Process skills, such as observation, comparison, and representation

· Conceptual understanding of the key science concepts in each unit

· Social skills, such as collaboration and sharing

· Mathematical development, especially measurement, counting and shape recognition

· Literacy-related skills, such as communication skills and vocabulary building”

(Storeygard, Sandler and Baker Cohen, 2003: p6)

Growth in language use was found to be more pronounced in non-English speaking students according to a teacher interviewed in the evaluation of the Tool Kit project.  Storeygard, Sandler and Baker Cohen (2003). One EDC staff member interviewed noted:

“Whenever I work with teachers, I’m amazed with their “a-ha” when they say, “Oh my goodness, the kids can do this?”  That always happens. (Storeygard, Sandler and Baker Cohen, 2003:p 6)

Children with special needs benefited from the hands-on activities and the fact that activities and exploration took place over time and allowed for “multiple-entry points” (Storeygard, Sandler and Baker Cohen, 2003: p15).

Gains in teacher learning through use of the Tool Kit project included:

· Learning about inquiry, including the value of asking open-ended questions and learning to ask “better” questions; the value of extended exploration and using materials purposefully; allowing time for reflection and discussion and surprise at young children’s ability to represent their work.

· Teachers found the professional development aspects invaluable

(Storeygard, Sandler and Baker Cohen, 2003: p15)

Worth and Grollman (2003) state that:

“Science in the early childhood classroom also provides children with direct experience with materials, events and ideas that are important to later learning.”  (Worth and Grollman, 2003: pxv)

With more parents working, hands on experience in the early childhood classroom was found to be more important by Worth and Grollman (2003).
“Doing inquiry-based science, by its very nature, requires the use of language, mathematics, and social skills….. A science programme will provide the meaningful context in which these skills can be learned best.” Worth and Grollman (2003: pxvi)

2.3 Characteristics of a high quality science programme
Worth and Grollman (2003) identify the following characteristics of a high-quality science programme:
Table A5:  Characteristics of a high quality science programme - The Tool Kit project -  
	The Tool Kit for Early Childhood Science Education project -  Characteristics of a high quality science programme   (Worth and Grollman 2003: p 14)

	1. It builds on children’s prior experiences, backgrounds, and early theories

	2. It draws on children’s curiosity and encourages children to pursue their own questions and develop their own ideas

	3. It engages children in in-depth exploration of a topic over time in a carefully prepared environment

	4. It encourages children to reflect on, represent, and document their experiences and share and discuss their ideas with others.

	5. It is embedded in children’s daily work and play and is integrated with other domains.

	6. It provides access to science experiences for all children

	                 


The tasks that teachers do in high quality science programmes are listed by Worth and Grollman (2003: p 14) in Table A6, below

Table A6:  The tasks that teachers do in a high quality science programme - the Tool Kit project
	The Tool Kit for Early Childhood Science Education project -  The tasks that teachers do in a high quality science programme   (Worth and Grollman 2003: p 14) 

	1. They choose a focus for inquiry

	2. They prepare themselves to teach a topic 

	3. They create a physical environment that supports inquiry

	4. They plan a schedule that allows time for inquiry 

	5. They foster children’s questioning 

	6. They encourage children’s work and deepen their understanding

	7. They observe and assess individual children and the group

	    


The Took Kit for Early Childhood Science Education units were developed around three of the themes, which were said to be intrinsically interesting to and spark curiosity in 3-5 year olds:  Structures, Water and Discovering Nature.   Staff interviewed reported the three topics to be “appropriate for early childhood settings.” (Storeygard, Sandler and Baker Cohen, 2003: p2).

The process skills, such as questioning, observing and recording, developed by children participating in one unit, were reported by teachers interviewed in Storeygard, Sandler and Baker Cohen (2003), as transferring over to the next unit.  One teacher commented:

“I think the science language is what carried over [from the fall unit] and by now, they’re believing they’re scientists …” (Storeygard, Sandler and Baker Cohen, 2003: p 15)

Teachers of kindergarten to first grade (four- and five-year-olds) reported “sustained engagement with the “big ideas””, (Storeygard, Sandler and Baker Cohen, 2003: p16).  This was due to the encouragement of focused exploration over time.

In the physical sciences case studies in Worth and Grollman (2003) working spaces were redesigned and the materials explored were highly conducive to sociodramatic play, which was scaffolded around a scientific focus.

According to Worth and Grollman (2003), earth and space sciences need to be handled carefully in the early childhood classroom, due in part to their theoretical and abstract nature.  Whilst exciting and stimulating, topics such as space, volcanoes and natural disasters are not recommended for focussed study in the pre-school years, but rather channelled towards exploration of the children’s immediate environment and direct experiences with materials and events.  The authors recommend avoiding introducing scientific explanations for abstract phenomena before children have grasped the concepts through direct experiences.

2.4 Young children’s scientific inquiry
Worth and Grollman (2003: p19, Figure 2-1) have developed the diagram in Appendix K to represent the process of young children’s inquiry, which involves the following steps:

Science inquiry

· Explore

· Ask questions

· Investigate

· Record and represent their work

· Reflect on what they have done and what it means

· Create new theories and ideas

(Worth and Grollman, 2003)

The varied skills that make up scientific inquiry are listed by Worth and Grollman (2003):

· Raise questions about objects and events around them

· Explore objects, materials, and events by acting upon them and noticing what happens

· Make careful observation of objects, organisms, and events using all of their senses

· Describe, compare, sort, classify, and order in terms of observable characteristics and properties

· Use a variety of simple tools to extend their observations (e.g., hand lenses, measuring tools, eyedroppers, a balance)

· Engage in simple investigations including making predictions, gathering and interpreting data, recognizing simple patterns, and drawing conclusions

· Record observations, explanations, and ideas through multiple forms of representation including drawings, simple graphs, writing and movement

· Work collaboratively with others

· Share and discuss ideas and listen to new perspectives

(Worth and Grollman, 2003: 18)

Worth and Grollman (2003) observe that “Scientific inquiry is not a dry process or method.  Instead, true scientific inquiry is imbued with excitement, creativity and wonder – fostering children’s appreciation of the world they live in, both its beauty and its complexities.” (Worth and Grollman, 2003: 21)  They argue that “Perhaps the most important attitude to maintain is curiosity.”  (Worth and Grollman, 2003: 21)

2.5 Design Technology

Worth and Grollman (2003) note the similarities between the process of design technology and that of scientific inquiry and that children may equally be called “natural designers” and “natural scientists.”  They further assert that “distinguishing between science and technology, or labelling children’s work as “technology” is unnecessary and inappropriate at this age.” (Worth and Grollman, 2003: p23).

One teacher in the study observed “over time, the process of inquiry and reflection became a part of our classroom culture, part of our routine.”  (Worth and Grollman, 2003 p 34).  They also noted that observation is a critical part of scientific inquiry, and illustrate the importance of adult guidance in helping children develop their observational skills with the experience of one teacher encouraging children to look more closely at the worms in their study.

The guides were found by Storeygard, Sandler and Baker Cohen (2003) to be effective in helping teachers implement each unit, particularly sequences of experiences suggested and the “Getting Started” section.  Teachers particularly valued the excerpts from teacher journals.   The guides were progressively updated and revised to incorporate feedback from teachers and the Advisory Board as the project progressed.  The materials provided with the kits were also found to be very useful by the teachers interviewed. 
The Tool Kit materials have been disseminated in a variety of ways:  Staff trained in the original field tests have provided professional development to additional staff and to other centres in their area.  The units have been presented at conferences and developed into workshops demonstrations at conferences.

2.6 Barriers and constraints

The following barriers and constraints to implementing a preschool science programme, together with some solutions for support were noted by the authors:

	The Tool Kit Project

Barriers and constraints regarding implementing preschool science programme
	Programme support available/needed for implementing preschool science programme

	1.  Classroom management
	Taking time to introduce materials carefully and develop rules of behaviour

	2.  Lack of staff/adults, eg. for trips outside
	

	3.  Space
	

	4.   Mandated curriculum requirements, eg. pressure to focus on literacy and maths
	Retraining supervisors

	5.  Staff turnover
	Needs continuous PD

	6.  Time for professional development (and funding)
	Centres in a region get together for PD.  More videos

	7.  Working parents
	Parent science nights

	
	


Table A7:  The Tool Kit for Early Childhood Science Education Project – Barriers, constraints and programme support.

Worth and Grollman (2003) believe that preschool children can really “do science” through direct experience with materials and with thoughtful facilitation from adults.  They assert that: 

· “In a classroom where dialogue about work and ideas is ongoing and interest in the science experiences is high, even groups of very young children can develop the skills to share, discuss, and listen.” Worth and Grollman (2003: p157)
· “Both research and experience suggest that the expectations for what young children can do are often too low.”  Worth and Grollman (2003: p 158)

· “Exploratory play is about finding out.  When it is focused on materials and events – trying to find out how to make something happen – it is very much about science.” Worth and Grollman (2003: p159)

· “In constructive play, science and technology come together as children take on the challenge of making something.” 
(Worth and Grollman,(2003:p 159)

Differences were observed in the evaluation report, between the three-year olds and the four-to-five year-olds.  More examples of how to use the materials specifically with three year-olds was recommended by Storeygard, Sandler and Baker Cohen (2003).
Worth and Grollman (2003) assert that teachers do not need a solid background in science, but rather a “willingness to roll up their sleeves – to become inquirers, to play with the materials the children will be using, and to see and experience the phenomena themselves.”  (Worth and Grollman, 2003: 160).  However, in contrast the authors believe also that teachers should begin the process of learning about science themselves through quality media.
Worth and Grollman (2003) suggest in response to the concern of teachers that they may not know the answers to children’s science questions, that they should instead “use the children’s questions as a springboard to further investigation“ and themselves become science learners (Worth and Grollman, 2003:p 160).

3.  La Main à la Pâte, France
http://www.inrp.fr/lamap 

The third international programme in SET to be reviewed is that of La Main à la Pâte.  

La Main à la Pâte has been established for ten years and has been transferred to a number of countries around the world and enjoys the support of the French Academy of Science.  The mission of La Main à la Pâte is to promote a movement of scientific investigation in primary schools.  (http://www.inrp.fr/lamap/?Page_Id=50) This is evident in the extensive international trials of the programme.

The programme began in 1995 as an initiative of Georges Charpak with the backing of the French Academy of Sciences in 1996.  A pilot trial involved 350 teachers in an inquiry-based method of science teaching.  Since the year 2000, La Main à la Pâte has been the basis for inquiry based science teaching in primary schools throughout France and has been extensively reviewed.  

The programme has been extended to middle schools in 2006 and has been adopted in many countries throughout the world.  The method is also the basis of 12 “seed city” projects throughout Europe which are currently being evaluated and a comprehensive internet network.

The programme also benefits from its internet presence and a Pilot Centres Network for support in implementation.

According to the Lamap website, the following countries have established some form of collaboration with La Main à là Pâte: Germany, Argentina, Belgium, Cambodia, Cameroon, Canada, Chili, Colombia, Egypt, Morocco, Senegal, Serbia, Slovakia, Sweden, Switzerland, Tunisia, Vietnam, with major partnerships operating with developing countries such as Brazil and China.

3.1 Inquiry Based Science Education Programmes

According to IAP (2006) the following countries were known to have IBSE programmes in operation at some stages of pre-secondary education:

Afghanistan

Argentina

Belgium

Brazil

Cambodia

Canada

Chile

China

Colombia

Egypt

Estonia

France

Germany

Hungary

India

Italy

Malaysia

Mexico

Netherlands

Norway

Panama

Portugal

Senegal

Serbia

Slovenia

Spain

Sweden,

UK

USA

Venezuela

Vietnam
(IAP, 2006: p55)

The principles which sit under La Main à la Pâte are detailed in Table A8 below.
Table A8:  The ten principles of La Main à la Pâte
	The ten principles of  La Main à la Pâte, France/international  (Quéré and Jasmin, 2005: p3)

	The teaching approach 

	1. Children observe an object or a phenomenon in the real, perceptible world around them and experiment with it.

	2. During their investigations, pupils argue and reason, pooling and discussing their ideas and results, and building on their knowledge, since manual activity alone is insufficient.

	3. The activities suggested by the teacher are organized in sequence for learning in stages.  The activities are covered by the programme and leave much to pupil self-reliance.

	4. A minimum schedule of two hours per week is devoted to the same theme for several weeks.  Continuity of activities and teaching methods is ensured throughout the entire period of schooling.

	5. Each child keeps an experiment logbook, in which the children make notes in their own words.

	6. The prime objective is the gradual acquisition by pupils of scientific concepts and operating techniques, with consolidation through written and oral expression.

	Partnership

	7. The family and community are solicited for work done in class.

	8. At the local level, scientific partners (universities, etc.) support class work by making their skills and knowledge available.

	9. Teaching colleges in the vicinity give teachers the benefit of their experience.

	10. Teachers are able to obtain teaching modules, ideas for activities and replies to queries via the Internet.  They can also take part in a dialogue with colleagues, training officers and scientists.

	


3.2 ABC na Educação Científica – Mão na Massa, Brazil

One of the programmes that has grown from La Main à la Pâte is Mão na Massa.  According to IAP (2006) Mão na Massa  is a Programme which commenced in 2001 as a collaboration between the Académie des Sciences of Paris and the Brazilian Academy ABC:

· 2001 – visits by  primary school teachers and educational officers to La main a la pâte centres in France 

· 15 teacher training programmes were set up in 7 states, mostly in Science Centres in Universities, or with University support. 

· Materials developed in S. Paulo

The programme follows the “ten principles” of La Main à la Pâte, emphasising the  connection between science teaching and literacy.  The focus is on the early years of schooling (ages 7 to 11), but it also extends to adult literacy and kindergarten.

Internet sites (http://educar.sc.usp.br/maomassa/  in S. Carlos and

http://www.eciencia.usp.br/site%5F2005/mao_na_massa/default.html  in S. Paulo (temporary).

3.3 ‘Learning by Doing’ – “Zuo zhong xue”, China
A further programme that has grown from La Main à la Pâte is Zuo zhong xue in China.  According to IAP (2006) and the Hands Brain website at: http://www.handsbrain.com/  “Learning by Doing” (LBD) is a pioneer science education reform programme initiated jointly by the Ministry of Education (MOE) and China Association for Science and Technology (CAST) in 2001.  The programme promotes hands-on inquiry-based learning and teaching of science and

technology in kindergartens and primary schools (age 5-12)

The aims of the programme are to

· promote student-centered instruction learning

· foster children’s scientific way of thinking and of living

· cultivate qualified citizens with higher scientific literacy, and 

· facilitate the progress of quality education for all.

(IAP, 2006: p57)

Nine principles were established at the beginning of LBD: 

1. “Orientation to every child and taking into account differences between individual children;

2. Laying the foundation for the child to learn through his/her lifetime, and more importantly, for children to learn how to live;

3. Selecting content closely related to children’s life and surrounding environment;

4. Students at the center of active exploration and experience of the process of inquiry;

5. Teachers are supporters and instructors of children’s learning;

6. Using encouraging assessment, including formative assessment;

7. Implementing science activities in collaboration with scientists and educators;

8. Mobilizing forces in communities and families to support;

9. Using the Internet to increase exchange and cooperation with domestic and international counterparts”
(IAP, 2006: p57)

LBD, is supported by a research centre in Southeast University and a website www.handsbrain.com developed to connect all schools in the experiment. The site provides books to guide teaching, related curricula and teaching materials, teacher’s training etc, including on-line teacher’s training and support.

Director, Wei Yu of the Research Center of Learning Sciences, Southeast University, China was a 2006 winner of the Purkwa prize for the scientific literacy of the children of the planet.  http://www.emse.fr/en/news/2006prizewinners.html 
LBD started in 2001, with 16 pilot centres throughout China, covering 44 schools in four major cities in 2001.  It has since expanded to more than 400 kindergartens and primary schools in 20 cities. The LBD programme receives support from the Chinese government and private sector, and is based on international cooperation with ICSU-CCBS, La Main à la Pâte in France and IBSE of IAP.  Development is now focusing on rural areas and teachers training.
3.4 Small Science, India
India has also adopted La Main à la Pâte through its redevelopment into a programme called Small Science.  According to IAP (2006), Small Science is an inquiry-based curriculum for Grades 1 through 5 developed by the Homi Bhabha Centre for Science Education (HBCSE) of the Tata Institute of Fundamental Research (TIFR) in Mumbai, India.   
Small Science is said to build on the natural curiosity of young children (IAP, 2006: P 58)  It is currently being used by about 2,500 students in classes 3-5 in 25 schools.  The programme is expected to expand in 2007, with wider availability of the materials,

Activities link textbook science with the immediate environment of the child.  It involves a systematic process of research, field-work and classroom trials.  The focus is on developing the “tools of learning”: namely, observation, design, drawing and construction, and the basic skills of speaking, reading, writing and calculating. (IAP, 2006: P 58)

According to the website, “the books interweave a story about two curious children, Mini and Apu, who learn many things by observing, doing, inquiring and reflecting on their experiences.”  http://www.hbcse.tifr.res.in/Data/ObjectType/c/curr_psci/psci_template
Sample chapters of the English, Hindi and Marathi versions of Small Science are available at http://www.hbcse.tifr.res.in/smallscience  .
4.  Pollen

http://www.pollen-europa.net  

The fourth international programme to be reviewed in this report for its relevance to SET for early childhood settings is Pollen.  The Pollen project is a European network of education and scientific organisations under the auspices of the European Commission 6FP which has created 12 ‘seed cities’ for science in 12 European countries.
Pollen’s stated aims are:

“bringing science closer to society through schooling.”

http://www.pollen-europa.net/?page=y%2BtfLHlZSts%3D 

“to stimulate and support inquiry based science education in European primary schools by providing tools, training, coaching and assessment, as well as a specific strategic model based on the involvement of all local actors in the Seed city.”

http://www.pollen-europa.net/?page=CLDGDJVwskY%3D



“In each seed city we aim at developing on children autonomy, critical thinking, language skills, enthusiasm for science and technology… For this, the whole community is involved, including children, teachers, parents and scientists.”

http://www.pollen-europa.net/?page=CLDGDJVwskY%3D 

The Pollen project is being reviewed for its effectiveness in promoting science.  The project has produced a series of nursery resources including a guide aimed at teachers of preschool aged children, together with units that can be used in that age group:

· Can science and technology be taught in pre-school? (a guide for pre-school teachers

· Water in the nursery school

· Making grape juice

· Let’s learn about fruit

· Breath/wind, air in motion

Further units aimed at this age group can be found on the Pollen web site at:  http://www.pollen-europa.net/?page=Prj0nqpx9f8%3D 

The twelve seed cities each have a specific focus for their projects as follows:

Table A9:  Pollen seed cities in Europe

	Pollen projects in Europe



	* Brussels (Belgium)
	Science education and low-income areas

	* Tartu (Estonia)
	Science education and children with special needs

	Saint-Etienne (France)
	How to involve the Scientific Community in primary school science education?

	Berlin (Germany)
	Gender issues and science Education

	* Perugia (Italy)
	Children’s participation in science education and active citizenship

	Amsterdam (Netherlands)
	Enhancing Inquiry Science and Technology Education in primary schools with ICT

	* Loures (Portugal)
	Family involvement in Science education

	Girona (Spain)
	Science education and Immigrants / challenges and opportunities

	Stockholm (Sweden)
	Science education and the transition from Primary to Secondary School

	* Leicester (UK)
	Science education and the cross-disciplinary approach

	Vac (Hungary
	Science education in new member states

	Ljublijana (Slovenia)
	Science education in new member states

	
	


* denotes projects currently including children under five years of age. (author correspondence).

The Pollen projects which include pre-school aged children are reviewed below:

4.1 Pollen Belgium
The Pollen (2007) Activity report on year one of the project in Brussels reports the following examples of good practice witnessed in the schools visited:

· “Lots of hands-on creative science 

· Cross-curricular work 

· Enthused children 

· The profile of Science raised in school. 

· There was a real ‘Wow’ Factor! 

· Many opportunities for children to develop their language skills – particularly speaking and listening. 

· Many changes in how teachers perceive their pupils”

(Pollen, 2007 (Brussels): p1)

4.2 Pollen Estonia

According to the Pollen (2007) Activity report on year one of the project in Tartu reports, in-service training commenced in 2006 with pre-school teachers from 7 of the 15 registered pre-schools and from one special needs school.  Tutors cited examples of good practice, including:

· “students were actively taken part in the lessons

· students started to use in their games some glimpses from the lessons (measuring dolls and cars and comparing them, games with frogs was used as a competition)

· teachers were very creative in finding new materials for the boxes that helps to give more possibilities to use different measuring tools in the lessons

· children were actively speaking on the topic, developing their language skills”

(Pollen, 2007 (Tartu): p2)

4.3 Pollen Italy

The distinctive feature of the Pollen project in Italy, according to Pollen (2007(Italy)) is the focus on implementing a seed region for science (Umbria), rather than a seed city, and disseminating the results all over Italy.  Initial training was undertaken in 2006, covering 84 teachers in 15 state schools throughout the Umbria region, with all classes involved from the outset of the project: 21 first grade, 21second grade, 9 fourth grade, and 15 infant school classes.  Training took place in three difference locations, with different partners:

Perugia

· CAMS (Center of Athenaeum for the Scientific Museums of the University of the Studies of Perugia – http://www.unipg.it/camso1/).  

· POST (Center of Perugia Science Workshop for Science and the Technology www.perugiapost.it) 

Terni 

· The Basell (an expo centre where the municipality organizes the festival “Terni in scienza” (www.terninscienza.com)). 

Foligno

· the Science Experimental Laboratory (www.labscienze.org) - an association of 17 schools which undertakes free projects concerning the teaching of scientific subjects. Since 1999 to now the Laboratory has been renovated and includes a botanic garden.

The principles contained in the formative Plan for teachers training include:

· holistic focus on integration of all the disciplinary aspects 

· awareness of context and relevance to daily life when the scientific arguments and topics are presented

· activities and experiences that can be done easily with materials and simple instruments that everyone can find.

Teacher training included time in the country, guided by a trainer, in order for teachers to explore the potential of the natural environment for their classroom teaching.  Topics covered the themes of water, earth, fire and air, with associated disciplinary topics including:  Chemical/physical aspects (Water: superficial tension, density, solubility, miscibility, floatation, pressure. Air: pressure, spread), and Biological aspects (energy in living, water in plants, beings living in water, gases and living).

4.4 Pollen Portugal

http://www.cienciaviva.pt/projectos/pollen/index.asp?accao=changelang&lang=en
Following initial in-service teacher training of 23 teachers from 11 schools (elementary and kindergarten) teaching has begun in schools and work has begun to identify local partners, including representatives of local government, industry, education, informal learning sector, the scientific community, commerce and parents.  (Pollen, 2007 (Loures-Sacavem)).

· Local government: Loures City Council (Cultural and Education Issues Department and Social Issues Department); 

· Industry: VALORSUL – a recycling firm; FIMA - a food production firm; 

· Education: the teacher training Centre of Loures Oriental; the Lisbon Science Centre - Pavilion of Knowledge; 

· Scientific Community: Technical Institute of Lisbon (Department of Materials); 

· Commerce: Loures Shopping Centre. 

· Other partners expected to be identified soon, including parents

.
The project was launched in November 2006 with a web conference between two schools from the seed cities in Portugal and Britain, during which children presented and discussed their science activities http://www.cienciaviva.pt/projectos/pollen/index.asp?accao=changelang&lang=en
Teachers participate on a voluntary basis after working hours and most have little or no science teaching experience and no background in inquiry-based methods and, hence, do not feel comfortable teaching science.  Training is intended, therefore, to focus on helping teachers to:

· acquire some scientific knowledge;

· understand the meaning of teaching and learning science at the school level and what their role should be

· become familiar with the inquiry based approach;

· become familiar with the cross curricular approach;

· integrate the experimental study of science in their daily practice, helping children to develop scientific concepts and attitudes, process and communication skills, the notion of accuracy and, mainly, the pleasure of learning;

· devise strategies

· get the children’s families involved in the school activities

Training session resources are published on the web site to enable teachers outside the region to follow the activities.

The topics covered include:

· Popcorns and chestnuts / Water in food

· Stems, roots and flowers in our eating habits

· Food and cooking from different cultures

· Micro-organisms in our kitchens

· Food hygiene and good practices

· “Useful” micro-organisms: bread, yoghurt, cheese

· Preserving food

· The science of baking

· Using our senses to perceive / identity different types of food

(Pollen, 2007: p 3  (Portugal))

There is a focus on inexpensive, easily available materials in order to reinforce the relationship between science and daily life.

Evaluation questionnaires are being administered by the British partner in the project and representative examples of teachers’ comments reported in Pollen (2007 (Portugal)) include:

· “We like very much the idea of using a story to introduce the study of science.

· We think that the topics and experiments proposed can be adapted to teach science to children of different ages.

· It was very interesting and important to understand that we can teach some science concepts in a quite simple and practical way.

· It is very important to share ideas and experiences with other teacher.”

(Pollen, 2007: pp3-4 (Portugal))

The local council’s Environment Department was to plan activities for the schools including visits to windmills and workshops related to the in-service training and to be carried out in March 2007.

An interesting feature of the project in Loures is the dissemination and publicity achieved through the partnership with the local shopping centre, which will display and distribute posters created by the teachers and children based on the activities carried out in schools. 

4.5 Pollen UK

The Pollen schools visited in the first year of the Leicester project were said to show similar examples of good practice to those reported in Belgium (see above), namely:-

· Lots of hands-on creative science

· Cross-curricular work with definite links

· Enthused children

· The use of ICT to enhance teaching

· Collaborative planning and team teaching

· The profile of Science raised in school

· There was a real ‘Wow’ Factor!

· Many opportunities for children to develop their language skills – particularly speaking and listening.

(Pollen, 2007 (UK): p1)

Teacher Training

The first year activity report for Pollen Leicester (Pollen, 2007, UK) indicates 33 teachers from 14 schools participating in the project, with half teaching 3-7 year olds and half teaching 7-11 year olds with varying levels of experience.  The initial teacher needs analysis identified the following principles for the training:

· Training to focus on ‘science’ as the core subject not the foundation subjects (history, geography etc) 

· Over all balance of biology, materials and physics

· 6 day in-service units over the 3 years to comprise:

· Forces

· Energy: light, sound & electricity

· Materials and their use

· Changing materials

· Investigating animals and plants

· Humans

(Pollen, 2007 (UK): p3)

Science Challenge

A particular initiative of the Leicester project is the city-wide ‘Science Challenge: Food of Science’ set for June and July 2007.  This is to include establishing links between the project schools and local food-related businesses such as supermarkets, food producers, food packaging, food distribution, businesses handling food waste, restaurants, food health & monitoring food safety, growing food – garden centres etc. 

Each school to be asked to

· Develop an investigation(s) related to the topic;

· Involve someone from the Leicester city community (business / industry / parent; and

· Produce a way of communicating their findings to the community.

The initiative is to involve media publicity, school visits by “Science Ambassadors”, prizes for winning schools and possibly web-cam links with other EU schools.  Results may be displayed in local libraries.

Cross Curricular Links

Some examples of cross-curricular links included linking a unit on the World War II blackout with an investigation about testing how light went through different fabrics. Two infant school teachers had linked art and science by getting pupils to look at and investigate a wide range of light sources and then to link the experience with the way paintings had been displayed in Tate Modern art gallery.

Web Cam Link

In relation to the web cam link with the school in Portugal reported above, the UK pupils were said to be “very motivated to do the science and prepare their talk because they had an audience.” (Pollen, 2007 (UK): p9)  Other benefits included teachers learning new ICT skills, children learning some Portuguese words in preparation for the link and gaining an appreciation of being part of a wider community.  This link was reported to have raised the profile of science in the school and inspired other teachers to use web cam links in other subject areas.

5.  Science-Lab, Germany

http://www.science-lab.de/indexe.html 

The fifth international programme in SET to be reviewed which focuses specifically on preschool children is that of Science-Lab.

A private initiative begun in Germany in 2002 when the founders identified a gap in pre-school and kindergarten education for science.  The programme uses an inquiry-based approach and consists of:
· Afternoon schools (for ages 4 – 10 begun in 2002)

· Testing teacher training (2004)
· Teacher training (3-6 kinder, 6+ primary school, begun in 2005)
· Train the trainer

The stated mission of Science-Lab is “to promote and retain early passion for science”

http://www.science-lab.de/indexe.html 

No formal evaluation provided.  We have requested, but not yet received the following document:  University of Heidelberg small-scale qualitative study of the impact of Science-Lab teacher training.  The company’s brochure and a telephone discussion with H. Schettler (founder) have elicited the following:

The programme has been tested with 5,000 children, is supported by 70 Science-Lab trainers and “research boxes of materials”, covering the topics:  Biology, chemistry, physics, astronomy and geology.

Several parts of the programme are currently under evaluation:

· Afternoon schools:  the effect of the Science-Lab programme on children’s knowledge and attitude is being studied in a PhD thesis, due in two years’ time.

· The large-scale training of pre-school teachers has been evaluated by the University of Heidelberg in a small scale study (20 to 30 teachers) of what teachers perceive the effect of the programme to be on the children. Teachers were interviewed before training and ten weeks after training. This study has been requested, but not received at the time of writing (and is only available in German).  H. Schettler informs us of the following findings in the report:

· There is significant change in the way children observe, form their own questions, articulate and deduct solutions in other areas.

· Teachers are more confident as a result of the programme, both in the content and the approach to teaching science.

· A questionnaire has been sent out to 1,200 teachers trained in the past year.  The results are due by mid-July and will be presented at a conference in Berlin in August.

· The company places great emphasis on its quality system and evaluations are sent in after every session, together with a parent questionnaire at the end of each course and feedback from a “parent-children experiment day.”

The development process for Science-Lab encompassed:

· Developed topics and methodology with teachers, distilling the science down to the basic concepts that children would need to know

· Commenced afternoon schools

· The best teachers from the afternoon courses are trained as teacher trainers

The afternoon schools are more expensive, have 8 children per group and are based on the children asking questions.  There are activities and games.  Play is used to explain abstract features, for example dressing in different coloured T-shirts and sorting into the colours of the rainbow.   Science-Lab tries to lay the foundations for high school science by playing.  The afternoon schools are the foundation for the training system.

6.  The Design and Making Centre, UK
http://www.designandmakingcentre.co.uk 
The sixth programme reviewed in this report is the Design and Making Centre in Cornwall in the UK (CDMC).
The Design and Making Centre in the UK has as its mission to support early years and primary years teachers in the teaching and learning of design and technology (3 – 11 years).  The Centre believes that its Rationale for Design and Technology (D&T) curriculum document is very popular in schools both in the UK and overseas.  The Rationale states that:- 

· Children are naturally creative

· D&T provides motivation and context for English, Maths and Art

· Need to understand processes and capabilities of our world

· Importance of D&T and manufacturing to the nation

· Opportunities for skill development

· Opportunities to make value judgements

The Design and Making Centre has produced an Early Years pack of resources for the age group under consideration, which are said to “place(s) pupil creativity and innovation at the heart”.  The resources address the English Design and Technology national curriculum, and the units produced include:

· working with construction kits

· working with food

· working with junk (reclaimed materials)

· working with everyday objects

· working with wood and plastic

· working with textiles

As noted in Fleer, March and Gunstone (2006), Leonard (2005) reports on an observational study of three and four year old boys and girls involved in a trial of the Lego Mindstorms for schools system (LM) in a nursery setting for the Design and Making Centre. The DMC had previously identified the motivational value of LM for the self-directed learning of children in the Reggio Emilia school system in Northern Italy. 

Results identified in Leonard (2005) included:

· Children were very enthusiastic and motivated

· The LM system capitalised on children’s “natural enjoyment” of designing and making activities

· Major benefits accrued in levels and length of concentration, manual dexterity, language and communication and cooperation

· Particular benefits were noted for boys who normally found it difficult to engage in nursery activities

· Generally, more interest was shown in exploring and investigating the bricks, than in the programming component

· Boys showed a greater affinity for the LM system than girls

7.  Engineering is Elementary

http://www.mos.org/eie/ 
The seventh programme reviewed in this report is the Engineering is Elementary ( EiE) project in the US.  EiE is included because of its unique engineering focus, although it is aimed at primary school children.  
7.1  Goals of the programme

The EiE website provides the three goals of the EiE programme:

· “Goal 1  Increase children's technological literacy

· Goal 2  Increase elementary educators' abilities to teach engineering and technology to their students

· Goal 3  Modify systems of education to include engineering at the elementary level” 

http://www.mos.org/eie/essential_under.php  

As noted in the Engineering section at the beginning of this report, the Engineering is Elementary programme in the US was reviewed in Fleer, March and Gunstone (2006).  A brief summary follows:

“The Engineering is Elementary (EiE) programme is a set of resources developed by The National Centre for Technological Literacy (NCTL) of The Museum of Science, Boston, Massachusetts to integrate engineering content with elementary science, within the framework of the Massachusetts technology standards (2001)(http://www.doe.mass.edu/edtech/standards/itstand.pdf) and 2003 review (http://www.doe.mass.edu/frameworks/news/2003/0219scitech.pdf). The resources are said to appeal to young children’s fascination with taking things apart and figuring how they work.”

(Fleer, March and Gunstone, 2006: p52)

Further evaluations relating to the Engineering is Elementary programme have become available since that report and, given the interest shown at the National Think Tank in this aspect, these evaluations are reviewed below. 

7.1  Beliefs and Rationale
In their 2007 paper, Cunningham and Hester outline the development process for EiE, based on the following beliefs and rationale:-

Beliefs

· Children can benefit from early exposure to engineering and technology concepts.

· The earlier children engage with these subjects, the easier it is to maintain their interest.

(Cunningham and Hester, 2007: p2)

Rationale

· Children are fascinated with building and with taking things apart to see how they work, they engineer informally all the time

· Engineering projects integrate other disciplines

· Engineering fosters problem-solving skills

· Engineering embraces project-based learning, encompasses hands-on construction, and sharpens children’s abilities function in three dimensions

· Learning about engineering will increase students’ awareness of and access to scientific and technical careers

· Engineering and technological literacy are necessary for the 21st century

(Cunningham and Hester, 2007: p2)

According to the authors, EiE has three major goals that have guided the project:

· Increase children’s technological literacy

· Increase elementary educators’ abilities to teach engineering and technology to their students

· Modify systems of education to include engineering at the elementary level

(Cunningham and Hester, 2007: pp2-3)

7.2 EiE curriculum development process
The curriculum development process for EiE was research-based, and guided by classroom observation, teacher feedback and student data and is detailed in Appendix M.  Cunningham and Hester (2007: pp3-10) outline the following steps:-

1. Feasibility and Needs

· Meetings with science curriculum coordinators and pilot teachers made recommendations as to the design of the units and that engineering be integrated with existing curriculum content.

2. Curriculum Mapping and Guiding Principles

· Content and process skills, design parameters and teaching methods were mapped

· The table of curricula content (see Appendix N) was developed along with a simplified engineering design process for young children (Appendix L), based on the premise:

“the essence of engineering is design, and so by understanding the nature of design even the youngest student can have a head start on an engineering education.” (Petrosky, H., 1996: p7 in Cunningham and Hester, 2007: p 5) 

· Design parameters included:

· Integration with science

· Aimed at the grade level at which the corresponding science unit is taught, but flexibility built in

· Engineering field as the unifying theme

· Units stand-alone, ie can be used in any number and order

· Flexible to accommodate all elementary grades

· Scaffolding and scalable to meet the needs of gifted or special needs students

· Simple and inexpensive materials are used

· Appealing to underrepresented groups

· Teaching methods include:

· Five ‘E’ learning cycle

· Contextual learning and problem solving

· Collaborative learning and teamwork

· Communication to encourage deeper reflection

· Projects encourage teamwork and communication

3. Development

· Curricular materials

· Lesson plan structure

· Teacher professional development materials

4. Pilot testing (and revision)

· Each lead teacher reviews the units, administers pre- and post-testing instruments

· EiE staff observe lessons, write field notes and debrief with the lead teacher

· Lead teachers meet as a team to discuss the programme
· Ongoing pilot test data is analysed and discussed

· Materials revised as appropriate

5. Review by experts

· Engineer in the targeted field reviews content accuracy

· Person from the situated country reviews cultural accuracy

· Other experts as appropriate to the unit

6. Field testing (and revision)

· In five states

(Cunningham and Hester, 2007: pp2-3)

The authors cite the following challenges identified by teachers in field testing:

· Obtaining the materials

· Managing the space to accommodate student projects

7.3  Gains from the programme
Field testing data collected from 179 teachers in five states indicated close alignment between the project goals and teachers’ perceived benefits to students of using the EiE units, such as “learning about/using the engineering design process”, “knowledge of engineering”, “improved science knowledge” and “problem-solving skills”.

(Cunningham and Hester, 2007: p13)

Lachapelle and Cunningham (2007), in a pre- and post-assessment evaluation of the field-testing of EiE in six states in the US in 2005-2006 and a control district that did not implement the EiE units, found that participation in the EiE curriculum units led to significantly increased SET understandings.  Their improvements were often dramatic and performance was significantly better than the control students, notably they demonstrate:

· a clearer understanding of technology as human-made and of what constitutes technology

· a clearer understanding of the work of engineers as having a design and teamwork component

· an improved grasp of relevant vocabulary, including the words “engineer”, “design”, and “technology”

· a clearer understanding of the steps and application of the engineering design process (see Appendix L)

· improved understandings relating to the topic of the unit, eg. understanding the materials used in water filtration after completing the Designing Water Filters unit; correctly identifying the work of agricultural engineers following the Designing Hand Pollinators unit.

(Lachapelle and Cunningham 2007: p21)

Further evaluations of EiE are to be undertaken, with a focus on the effects of gender, socioeconomic status and English proficiency on student performance.

Lachapelle (2007) reports on the evaluation of the pilot test of the EiE curriculum project in one of the states reported in Lachapelle and Cunningham (2007), above, New Jersey.  Testing took place in 32 elementary, middle and high schools, with thirteen of the 35 teachers involved teaching the elementary grades.  The EiE students on post-assessment were reported to consistently show improved understanding of science and engineering concepts, and performed significantly better than control students, where comparison was possible.  Specific improvements are described in Lachapelle and Cunningham (2007) above.

7.4 Pre-College Engineering for Teachers

Pre-College Engineering for Teachers (PCET), is a teacher professional development project aimed at increasing teachers’ knowledge of engineering and encouraging integration of engineering concepts and processes in the K-12 classroom.  PCET involves collaboration between the Museum of Science (Boston), Tufts University, WPI and UMass Lowell, is offered free of charge as a one-week summer course with a stipend for attendees.  

Faux (2006) through three focus group sessions (40 participants in total) in March 2006, reviews the effectiveness of this programme in relation to implementing EiE in the elementary grades. Findings included:

· Teachers gained confidence in their understanding of the content

· Students were reported anecdotally to be transferring the engineering design process (EDP) to other subject areas and to be discussing engineering-related issues at home:  

· The incentives to attend were a big motivator for participants, along with the desire of teachers to “enliven and improve their classroom activities.” (p4)

· Pre-existing collaborations supported teachers during training and into the implementation phase

· Teachers learned the new content collaboratively then made judgements about implementation based on their perceived fit between the content and the students and curriculum

· There were perceived constraints around the limits of the curriculum to accommodate the new materials

Recommendation

We recommend investigating the possibilities for providing financial incentives to encourage preschool staff to attend professional development, through industry sponsorship, along the lines of the Pre-College Engineering for Teachers (PCET) programme.

8.  International Informal Learning Programmes

As noted in the Informal Learning literature review and the Think Tank Section of this Report, the role of informal learning in SET requires further elaboration.  Informal learning centres include museums, zoos, science education centres, aquaria and science festivals, science centres and botanical gardens.  The role of internet portals as a hub, or networking centre, is an important element of support to many of the programmes reviewed above. Within the scope and the time constraints of this review, we have been able to highlight below some innovative programmes of informal learning centres around the world.

8.1 National Centre for Technological Literacy, Museum of Science Boston, US

http://www.mos.org/nctl/
The first informal learning initiative examined in this overview of SET programmes is the National Centre for Technological Literacy (NCTL), an initiative of the Museum of Science, Boston, which has as its motto:  NCTL:  “Connects us to our world”

The stated goal of NCTL is:

“NCTL’s goal is to integrate engineering as a new discipline in schools nationwide and to inspire the next generation of engineers and innovators”

http://www.mos.org/nctl/ 

As noted in Fleer, March and Gunstone (2006), NCTL (2006) asserts that preK-12 engineering “broadens the pipeline” and opens the profession addressing the key issues for engineering in America of gender and racial imbalance and attrition.

The issue of inclusion of gender, race and class was considered an important principle by participants at the National Think Tank.  Further research into the role of engineering in inclusion could be undertaken.

8.2 Xplora – Europe
http://www.xplora.org 

The second informal learning initiative examined in this overview of SET programmes is the Xplora portal in Europe.

Xplora is a science education portal for teachers, science communicators and pupils, described on its website as the:

· European gateway to science education
The website acts as a hub for the cluster of EU projects, known as “Nucleus”, which comes under the European Science Education Initiative, and comprises the following elements:

· CISCI (cinema and science)

· Volvox (teacher network) 

· PENCIL (informal learning resource centre)

· Science on Stage (promotes innovative science teaching ideas)

· Scienceduc (inquiry based science education network, including Pollen)

8.3 Science Learning Centres UK

www.sciencelearningcentres.org.uk
The third informal learning initiative examined in this overview of SET programmes is the network of Science Learning Centres in the UK.  A joint initiative of the Department for Education and Skills and the Wellcome Trust, this initiative was reviewed in Fleer, March and Gunstone (2006).  

It is a network of nine regional centress and one national centre, which focus on Continuing Professional Development for teachers of primary and secondary science and “seeks and builds partnerships” (SLC, 2006: p 12)  Some innovative programmes reviewed in Fleer, March and Gunstone (2006) include:
· The UK Resource Centre for Women in SET

· The “Return” to Science programme
· Creativity in Science Birthday Competition

According to the recently released SLC (2006), Science Learning Centres:  The story so far … Annual Report 2006, the Web Portal unifies the centres and acts as a hub for activities. (SLC, 2006: p 10)

“It (the investment in Science Learning Centres) has brought together people and organisations with an interest in inspiring more young people to engage with science.”  (SLC, 2006: p 13)

Results reported in SLC (2006) indicate that in 2005-06 Science Learning Centres:

· Delivered 11,317 days of science CPD

· 92% participants would recommend courses

· 93% met participants’ objectives

· 250 partner venues in UK

· 19,000 registered users of web portal

Evaluation through 32 in-depth interviews with educators indicated that improvements in teaching practice were reported in the following areas:

· Engaging with learners more effectively

· Learning about new areas of the science curriculum

· Updating ideas and knowledge of science

· Exchanging ideas and good practice with course presenters and peers

· Increases in confidence for attendees

(SLC, 2006: p 3)

The lack of a positive culture towards continuing PD was cited as a barrier to success.  (SLC, 2006: p 3)

The National Science Learning Centres currently offer an industry sponsored bursary scheme to cover the costs of attendance at professional learning events. (http://content.sciencelearningcentres.org.uk/centres/national/pages/awards.htm) 
8.4 NASA Education Programmes, US

http://education.nasa.gov/edprogrammes/overview/index.html 
http://www.nasa.gov/audience/forkids/home/index.html
http://genesismission.jpl.nasa.gov/product/community/scout_overview.html 
The final informal learning initiative noted in this overview of SET programmes is NASA in the US and its various web-based initiatives whose links appear above:  NASA Education, NASA for kids and the Genesis Mission Community Quest.

The stated mission of the NASA Educational Programme is:

“to "inspire and motivate students to pursue careers in science, technology, engineering, and mathematics" by supporting education in the Nation's schools; and 

to "engage the public in shaping and sharing the experience of exploration and discovery" by supporting informal education and public outreach efforts”

http://education.nasa.gov/edprogrammes/overview/index.html
One major review of a NASA Educational Programme has been undertaken in:

Walker, G., Wahl, E., Rivas, L.M. (2005) NASA and Afterschool Programmes: Connecting to the Future – Report to American Museum of Natural History

http://education.nasa.gov/divisions/informal/overview/R_NASA_and_Afterschool_Programmes.html 

The Early Years Debate in Canada





McCain, Mustard and Shanker (2007), in their work, Early years study 2 - putting science into action., point to the work of Heckman and Chunha on the dynamic, life-long process of human development, whereby each stage of life lays the foundations for the next stage, and the earlier that investment is made in the child the greater the returns to society and the greater the savings in later intervention:





Return on investment for early childhood development programmes is calculated to be at least 8:1, compared to 3:1 for primary and secondary education


Savings are greater in the case of disadvantaged children, with targeted programmes in the US showing an almost 17:1 return. (Schweinhart, Barnes & Weikart, 2005 (in McCain, Mustard and Shanker, 2007: p 137 ))





“The best early child development interventions take place in comprehensive, integrated programmes that combine nurturing and care, nutrition and stimulation.  They focus on the whole child and involve families and communities.  They begin early, preferably during pregnancy, and are sustained through primary school.”  


(McCain, Mustard and Shanker, 2007: p 138).

















Reggio Emilia 





Reggio Emilia is described as a community approach to early childhood education by McCain, Mustard and Shanker (2007).   This city in Northern Italy devotes 10% of its budget to early childhood education programmes.  





“The model draws on the lived experiences of children and families by extending the ‘classroom’ into the community – parks, hospitals, art galleries, museums, libraries, workplaces – and brings the community into the programme through lay ‘teachers, artists, and other contributors.  Parents have meaningful involvement in the programme, working with staff to plan and implement activities.”


(McCain, Mustard and Shanker, 2007: p156)
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