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1. A project-overview  
 
Plascigardens (Plant Science Education for Primary Schools in European Botanic 
Gardens) was an EU project funded under FP6 in Science-and-Society as a specific 
support action and run from 15th of October 2005 to 15th of December 2007. 
 
This project has been developed jointly by four European botanic gardens: the University 
Botanic Garden in Innsbruck, Austria; the Viotte Alpine Botanic Garden in Trento, Italy; the 
University Botanic Garden in Sofia, Bulgaria; the Royal Botanic Gardens, Kew, UK; along 
with the Institute of Education in London, UK. 
 
The final objective was to develop and evaluate a number of teaching and learning 
resources to deliver better science education at primary school level, to promote young 
people’s interest in science learning in general and learning about plants in particular, to 
support teachers and pupils to develop skills in using scientific methods, to encourage 
teacher to offer their pupils different ways of learning about science and support children 
to develop an interest in scientific careers.  
 
The world of plants offers an amazing resource for investigation and science activity. 
Botanic Gardens are not only exciting places that hold a wide variety of plants species, but 
are also centres for scientific research about plants, their growth and their conservation. 
These resources should bring together the two through the medium of primary school 
science.  
 
In doing so the aim was to establish a long lasting partnership between primary schools 
and their local botanic garden (Johnson, 2004) as well as creating a link between these 
informal education institutions with the formal education system in general and with 
teacher training institution in particular to improve science teaching and learning at primary 
school level. 
 
The final outputs are: 
 

1. Enquiry centred, multicultural plant science education resources named: “Plant 
Scientists investigate at school and at botanic the gardens” for 8-12 year old pupils 
They have been published in four languages (Bulgarian, English, German, Italian) 
and are available as book, on CD-ROM and on the Website: www.plantscafe.net.  
44 modules, each including teaching sequences and teaching material for being 
used in class or at the botanic garden, are addressing the topics: “Experiments 
about plant growth, Food, Art and Conservation”. They are designed to help 
children work like scientists and to explore the nature of science through a range of 
topics and investigative activities.  
Pedagogical and didactical background information is added to underline the 
advantages of teaching science in an enquiry based setting. 
The Resources also include additional teaching material which is available on CD-
Rom and on the Website www.platscafe.net . 
 

2. A handbook for teacher training seminars published on the website: 
www.plantscafe.net which includes background information based on science 
education research as well as case studies of how teacher training seminars where 
structured in the four participating countries. 



        

EU Project: Plant Science Gardens: Plant Science Education for Primary Schools in European Botanic Gardens 

University Innsbruck, A - Institute of Education, London University, UK - MuseoTridentino di Scienze Naturali Trento, I 
University Botanic Gardens Sofia, BU - Royal Botanic Gardens  Kew, UK 

 

 5 

 
3. An Evaluation Report which is also available via the website www.plantscafe.net . 
 
4. A collection of scientific publications publish done in course of the project which is 

also available via the website www.plantscafe.net . 
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2. The point of departure 
 

2.1. Science education: 
 

While absolute numbers in students studying Science and Technology have been rising 
the relative share of S&T students among the overall student population is decreasing. 
Numbers of young science teachers in particular are decreasing steadily and universities 
and teacher education institutions’ are not able to satisfy the increasing needs for experts 
in S&T. 
 
The OECD (2006)1 Policy Report: Evolution of Student interest in Science and Technology 
Study outlines the necessity of improving science teaching and learning in particular 
because “educational content and curricula pays an important role in raising and 
maintaining young people’s interest in science and technology. Negative experiences at 
school due to uninteresting content or poor teaching are often very detrimental to future 
choice”. 
 
Analyses done in course of the Plant Science Gardens EU 6th Framework project as well 
as by Wynne Harlen (1999)2 have shown that especially primary school teachers do not 
feel confident about teaching science related topics in general and botany in particular. 
Therefore they address theses topics as little as necessary. Teachers avoid all but the 
simplest practical work and any equipment that can go wrong. 
 
This uncertainty is based on their own weak science education at school and in their 
teacher training.  
 
Right now many education institutions are facing a time of change. Bologna Process is on 
its way and teacher training institutions are adjusting to meet the needs given. Due to 
budget reductions numbers of science lessons are being reduced not only in the pupil’s 
curricula but also in teacher training. On the other hand schools want more well trained 
professional able to teach and motivate young people to focus on science and technical 
education and careers. 
 
The links made in this project between the formal education system and  informal 
education institutions  can support improved science education  with research based 
knowledge and teachers can enrich the science curricula at primary and secondary school 
level. 

                                                 
1 OECD Policy Report Evolution of Students Interest in Science and technology studies 
Organisation of Economic Co-operation on Development Global Science Forum May 4, 2006 
 
2 Wynne Harlen, Effective Teaching of Scinece, A Review of Research, The Scottish Council for Research in 
Education 1999 
 



        

EU Project: Plant Science Gardens: Plant Science Education for Primary Schools in European Botanic Gardens 

University Innsbruck, A - Institute of Education, London University, UK - MuseoTridentino di Scienze Naturali Trento, I 
University Botanic Gardens Sofia, BU - Royal Botanic Gardens  Kew, UK 

 

 7 

2.2. Learning about plants 
 

In addition a steep decline in plant science and knowledge about plants has been recently 
observed in industrialized and post-industrialized countries. This phenomenon named 
“plant blindness”  by Wandersee and Clary (2006)3 is characterized by a) failing to take 
notice of the plants in one’s daily life, b) overlooking the importance of plants for 
humankind, c) lacking hands-on experience in growing, observing and identifying plants 
and d) failing to explain the basic plant science underlying plant growth, nutrition, 
reproduction or ecology. With the increasing concentration of population in urban and 
suburban environments, our daily interactions with plants are more controlled and less 
diverse than at any time in the history of humankind, so students arrive at college with less 
direct experience of plants than in former times (Richards and Lee 2002)4.  
 
Inattention to plants can only partly be explained by a general loss of contact and 
experience with agriculture and nature due to urbanization. Plants are also heavily 
underrepresented in informal (Science Centers, Museums, TV) and formal (school biology 
instruction) science education. 
Plants differ substantially from most animals and therefore require more education to 
understand and appreciate. Although similarities exist between plants and animals, the 
cell, tissue, and organ levels of organisation and the ecological interactions are 
fundamentally different (Richards and Lee 2002). 
 
Due to this essential strangeness, teaching about plants is considered to be a challenge 
by most teachers in today’s classrooms (Sanders 2004)5(2005)6 and therefore plant 

biology is often poorly taught from kindergarten to high school. In particular primary school 
teachers consider themselves incapable of teaching plant related topics because of a lack 
of basic knowledge about the matter (Bertsch et al. 2006)7. 
 
To cope with a low confidence level teachers use different strategies such as a) teaching 
as little of the subject as possible, b) emphasizing expository teaching and underplaying 
questioning and discussion and c) avoiding all but the simplest practical work that could go 
wrong (Harlen 1999). 

                                                 
3 Wandersee, J. and Clary, R. (2006). Advances in research towards a theory of plant blindness. Proceedings  

of the 6th International Congress on Education in Botanic Gardens, Oxford, England, 10-14 September 
2006. 

 
4 Richards, J. and Lee, D. 2002.  “To see … Heaven in a Wild Flower ….”:  Teaching botany in the 21st 

century. Book Review. American Journal of Botany. 2002; 89:172-176.) 
 
5 Sanders, D. (2004). Rethinking teaching about plants in schools: How can educators make plants visible in 

inspiring ways? Available at http://www.leef.org.uk/articles/article.php?id=29 accessed January 2007. 
 
6 Sanders, D (2005) Boring botany? Rethinking teaching about plants in schools, NfER Topic 33 April 2005  

pp. 4–8 
 
7 Bertsch, Ch., Kapelari, S., Johnson, S., Bromley, G., Bonomi, C., Kossev, K. (2006). Hands on Botany: 

Building bridges between schools and botanic gardens to improve plant science education in European 
primary schools. Paper presented at the 10th International Congress of Ethnobiology, Chiang Rai, 
Thailand, 04-09 November 2006. 
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In addition, Tranter (2004)8 has recently observed, that ‘in too many schools, the wealth of 
living or once living organisms which pupils are required to study is often reduced”.  
 
At the same time the number of guided tours, especially those for primary school classes, 
is constantly rising in Western European botanic gardens. Botanic gardens are anticipated 
as places offering expert knowledge, first hand experiences and plant specimens that 
fascinate young children (Kapelari et al. 2006)9. By taking classes to visit a botanic garden 
teachers can engage their learners with plants that will impact on their imaginations in 
many different ways.  
 
However, botanic garden tours are often guided in a way that conflicts with current 
research related to science education and learning in informal contexts. Tours are often 
task-oriented instead of learning-oriented. They focus on facts instead of ideas or 
concepts and are generally lecture-based and instructor-centered. In addition, a botanic 
garden educator rarely knows what background knowledge pupils are provided with, when 
they come to the garden and what kind of post-visit work they will do back in school. 
Studies have shown, that in order to obtain the best learning results in informal settings, 
pre- and post processing in school is essential (Cox-Petersen et al. 2003)10. 
 

3. On the way: 
 
The project was structured in 4 stages:  
 

1. A preliminary analysis of the status of plant science education at primary schools 
2. A creative stage in which education resources where developed and structured 
3. An active trial stage in which the materials where tested with selected schools over 

an 8 month period along with an evaluation from both teachers and children 
4. A final stage which was dedicated to training seminars for teachers and botanic 

educators to offer them the opportunity to learn and experience the new teaching 
resources. This stage was also used to produce and disseminate the material. 

 

3.1. Resources development: 
 
The whole programme focuses on plants and sustainability. It aimed to highlight that all life 
depends on plants (Tilbury, 2004)11, investigating four key concepts: how plants grow, 

                                                 
8 Tranter, J. (2004). ‘Biology: dull, lifeless and boring? Journal of Biological Education, 38, 3, 104–5. 
 
9 Kapelari S., Bertsch, Ch., Kossev, K., Johnson, S., Bromley, G. and Bonomi, C. (2006). Plant Science 

Gardens - A model for improving plant science education at primary school level by creating cooperations 
between schools and their local botanic gardens. Paper presented at 4th Balkan Botanical Congress, 
Sofia, Bulgaria, 20-26 June 2006. 

 
10 Cox-Petersen, A., Marsh, D. D., Kisiel, J., & Melber, L. M. (2003). An investigation of guided school tours, 

student learning, and science reform: Recommendations at a museum of natural history. Journal of 
Research in Science Teaching, 40, 200–218. 

 
11 Tilbury, D (2004). Rising to the challenge: Education for sustainability in Australia, Australian Journal for 

Environmental Education, 20(2), 103-114 
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extinction and conservation, plants as food and plants in art (Summers et al., 2003; 
Sanders, 2005). 
 
The four themes were selected with the participating schools. 
 
Each country specifically developed one key concept and all four of them were later 
circulated for feedback from all partners. 
 
The four themes were a starting point around which teaching and learning activities were 
designed that incorporated enquiry centred and active learning techniques (Sandoval, 
2003). In order to stimulate active scientific thinking at a very early stage (Driver et al., 
1994, 1996) the resources included concept cartoons (Naylor et al 2004)12, role-play 
games, play-decide games, predict-observe-explain sessions, designing experiments 
sessions, and argumentation.  
 

3.2. Co –operation with the formal school system: 
 
Great emphasis was put on building up longer lasting relationships between botanic 
gardens and primary schools as well as their local school boards. 
National working group were installed right from the beginning of the project and finally 
turned out to be a perfect setting for developing, disseminating and incorporating the new 
teaching resources into the formal learning system now (e.g. see Case study Austria page 
151;. Dissemination Deliverable 5.1.) 
This group consisted of primary school teachers, representatives of the national school 
board, botanic garden educators and teacher trainers. An essential feature of this process 
was making sure the actual activities were trialled in schools and that there was active 
involvement of teachers (Tizzard and Hughes 1984).  
 

3.3. Training for teachers as well as botanic garde n educator. 
 
Teachers as well as botanic garden educators need to develop their teaching in order to 
meet the needs of their students as well as to put science education research finding into 
practice. Many training days where held and will be continue in the future to assure a 
sustainable development to improve science teaching at primary school level (See 
Dissemination report Deliverable 51) 
 

                                                 
12 Naylor, S. Keogh, B. and Goldworthy, A. (2004) Active Assessment: thinking learning and assessment in 

science London David Fulton publishers Ltd 
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4. Evaluation Report:  
By Dr. Susan Johnson, Institute of Education 
 
The report includes an executive summary as well as the reports done by each 
participating country. To show the amount of data collected the English part includes 
examples how this was done. Reports from the “Non- English speaking countries” show 
selected data and interpretation of outcomes.Annex2 includes an example of data 
collections and detailed interpretation in Italian.  
 

4.1. Executive summary 
 
The PSG Project represents an innovative contribution to the teaching and learning of 
plant science. It draws on the expertise of a range of partners across Europe. Particularly 
noteworthy has been the Action Research process involving close collaboration between 
the pedagogic partner, botanic garden educators and schools, which has culminated in the 
development of innovative resources for a range of learning environments both indoors 
and out-of-doors.  
 

4.1.1. Overarching outcomes 
 

Changes to science teaching and learning    
 
  An emphasis on providing greater opportunities for co-operation between schools and 
botanic gardens are wholly met in this project with profound implications for science 
education and participation in enhancing science teaching and learning. Broadly, the 
recommendation by the EU commission (2007) that school science pedagogy changes 
from mainly deductive to enquiry based methods of learning is met in this project.  
  
   This report presents the key pedagogical findings of the PSG project. It begins with a 
synoptic overview of issues that have emerged across the partnership under the key 
headings of Learning outcomes, and Teaching outcomes. In order to show the richness 
and diversity of the topics and approaches, detailed individual Case Studies are included 
which indicate the range of data collected and a detailed analysis of learning outcomes 
obtained through questionnaires and interviews with children and teachers in all partner 
countries. They are presented in their entirety in the annexes to this report and it is to 
these that readers should look for a thorough understanding of the true potential of the 
teaching resources designed by the partnership.  
 
  This report also reveals that the PSG Project was successful in achieving its terms of 
reference regarding its multicultural approaches especially with regard to the Media 
Gallery on the website. Furthermore, there is ample evidence that the partners could build 
on a very firm foundation in future dissemination and research. 
 
  Evidence is provided in each case study of children’s increased interest in science topics.  
They have been engaged by working in, what for many, have been new ways quite 
outside their usual school experience. Not only did visiting a botanic garden kindle their 
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enthusiasm so too did working in groups, finding out things for themselves, discussing 
their own ideas and being included, whatever their ability.   
Whilst it is premature to suggest that a small scale project will have a direct effect on the 
future career of the children in this sample, in a wider and more prolonged experiment 
there could be huge potential implications for the uptake of scientific careers.  
 
 This report also shows that Continuing Professional Development (CPD) was offered and 
well received by teachers. It was accepted into National teacher education and/or in-
service training systems in participating countries. Courses for teachers have already been 
held in participating countries.  
 
  The “Experimenting with plant growth” unit was honoured with the Innovations in 
Mathematic and Science Teaching (IMST) Award 2007 in Austria.  It was judged the most 
innovative project in Austrian science teaching in 2007 for its development, evaluation and 
integration of teaching material, into the Austrian school system. 
   
 It is important, none-the-less to recognise that this report also identifies challenges facing 
the successful integration of these resources into the prevailing culture of the European 
Union and its respective member states. Inconsistencies with regard to environmental 
policies and the political will to maintain the ethos of botanic gardens, were issues outside 
the remit of this project to comment upon but they have the potential, in the longer term, to 
influence the outcomes reported here. 
 
   Educational links with botanic gardens are not only constrained by education policies.  
Disparate funding sources for individual botanic gardens draw attention to the gap in 
provision for education out-of-doors. Limitations on the potential to realise changes to 
teaching and learning science using these resources and techniques will need to be 
addressed at the level of international policy makers.  
    
 Highlighted in the report are specific issues which need to be addressed before 
widespread changes in science education can be effected.  Further research will also be 
necessary. 
 
References 
EU (2007) Science Education Now: renewed pedagogy for the Future of Europe. 
http://ec.europa.eu/research/science-society (accessed September 2007) 
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4.1.2. Introduction 
 
     There is a growing awareness that children need to see examples of species rich 
environments to compare with environments that are significantly degraded.  Botanic 
gardens are unique in enabling such visits because they are often located in highly 
urbanised settings (Johnson, 2004). However, Binns et al (2004) argue that a lack of a 
considered and reflective commentary on botanic garden education has reduced their 
visibility. Government initiatives e.g. UK, The Manifesto for Education Outside the 
Classroom (House of Commons Education and Skills committee, 2005) is expecting 
integration of outdoor education into the curriculum. Children may then be able to link 
observation made in botanic gardens with lessons indoors (Barker, Slingsby & Tilling, 
2003).  
 
   A visits to a botanic garden can offers an ideal context to teach investigative science 
since it invites children to observe the real world, to recognise patterns, to ask questions, 
to make hypotheses, to collect data, to discuss and evaluate authentic data and their own 
conclusions.  It is also possible, by using appropriate techniques, that a visit to a botanic 
garden can be part of a teacher’s assessment strategy. 
 
     Equally important are the active debates about curriculum, processes of critical 
reasoning and argument in school science (Driver, Leach, Millar, & Scott, 1996; Driver, 
Newton, & Osborne, 2000; Millar & Osborne, 1998). Because science education has 
always been more concerned with children’ understanding of scientific concepts, adopting 
additional aim, of working outside the science classroom, will be challenging.  
 
     A consequence of teaching concept driven science was shown in the initial PSG project 
questionnaires.  Results revealed a lack of confidence to teach plant related topics. Harlen 
(1999) found that under such circumstances teachers only teach the minimum requirement 
using formal rather than creative pedagogy.  
 
     To engage effectively in enquiry learning out-of-doors, teachers will need to develop 
new pedagogies and adopt different practices in plant science. Teaching activities and 
strategies that enrich plant science will need to link these challenges and aims. Learning 
goals must expand outwards from conceptual understanding to encompass improved 
reasoning skills which, with enhanced social skills, will enable co-construction of 
knowledge from observed evidence out of doors (Johnson, 2004). Only through such 
changes in practice can learning change (Hargreaves, 1994). 
 
  Currently, teachers may oppose off-site outdoor experiences as an inefficient use of time 
and an unnecessary expense particularly when pupils are exposed to risk and at worst are 
little more than a leisured day out of school (Foskett, 2001).  Out-of-door experiences are 
infrequent across the 4 partner countries for similar reasons; the constraints of shortage of 
time, health and safety, expense and teachers’ own experience.  They also cited lack of 
assistance to manage large groups out-of-doors.   
 
   Nevertheless, it is well worth all the effort because some of the most memorable 
childhood school experiences are linked with fieldwork.  There long lasting impact could 
have an effect on the environmental literacy of future citizens. We will make the greatest 
impression by starting the process in the early stages of education (Nundy, 2001). 
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4.1.3. Evaluation of findings 
 
   These resources are deeply layered and no one module can be said to be wholly 
representative of the multitude of influences that have contributed to their successful 
implementation. It is the combination of teaching techniques, factual and picture 
resources, strategies and skills carried out in the classroom, botanic gardens, in the school 
ground or at home and the range of options available within these parameters that 
combine to make the whole greater than its parts. 
 
   The principal aims of the PSG project for learning were that children should be given the 
opportunity to engage in enquiry learning and in doing so work like scientists.  Included in 
the resources was the potential for children to generate questions and to work through a 
scientific enquiry by making predictions, justifying those predications, gathering evidence, 
drawing conclusions and then evaluating their conclusions together to determine whether 
their initial predictions were correct. 
 
   Four or more schools participated fully in the PSG project in each country and evidence 
of the effectiveness of the units they used has come from questionnaires, videos, 
classwork, teacher diaries and interviews with teachers and children.  Specific research 
evidence has come from interviews pre- and post-activity where teachers were co-
operative (Italy and Austria) or at the end of the project (UK).  Included was evidence from 
interviews conducted some time after activities to determine how memorable they were 
(Austria, UK). Science notebooks and mobile phone contributions were also analysed in 
the UK.  
 
   There is sufficient evidence to show that children were capable of articulating their 
understanding of all of the issues, concepts, problems and questions contained within the 
units.  They were also positive about engagement with plants out-of-doors. 
There is some evidence from Austria of a significant change in the attitude toward science; 
children initially preferred to watch the teachers doing the experiment but later preferred 
doing the experiments by themselves. Less clear cut are attitude changes in the UK.  
Evidence also points to prolonged memory of enquiry centred learning for some (6 months 
UK and 5 months Austria) when it is more common for children to forget what they have 
learned within weeks.  
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4.1.3.1. Learning outcomes 
    
Particular note was taken of evidence relating to the following aspects of children’s 
learning.  
 
• Working like a scientist 
 
   Units were developed to emphasise working like scientists. There is evidence in case 
studies of observation of plants, environmental factors and interdependence of plants and 
animals as well as using scientific equipment and learning new skills. Data indicate that 
children thought critically and creatively during investigations or experiments. There is 
evidence of children applying their knowledge and understanding from investigations to 
new situations in classroom activities e.g. mysteries, concept cartoons, developing their 
own experiments and games.  
 
   UK participants used mobile phone technology to good effect. More than 1000 
contributions to the website www.ookl.org.uk in 2007 show plant observation indoors, 
generation of questions, evidence found, data recorded in different ways and instances of 
explanations for conclusions drawn.  
 
  Austrian partners found that children could explain how they knew that a theory or 
concept was right. They experimented and discussed their findings so that they not only 
understood “how to do science” but also that it was necessary to find evidence to verify 
their theories and concepts.  
 
  One of the advantages of working with the botanic garden in Bulgaria was that the 
modules presented children with keywords and processes at the appropriate time of year 
e.g. in school text book the topic of leaf fall is done in spring and not autumn.  The 
facilitators also introduced children to using a magnifying glass which they had not done 
before the project  
 
• Thinking skills 
 
   There is evidence in UK case studies of argumentation in groups and development of 
understanding during diamond ranking and concept cartoon exercises and work on 
lifecycles and seed dispersal models.  Children needed to examine data critically which 
initiated reasoning rather than guessing. Whatever their ability, children expressed an 
opinion, co-constructed knowledge and applied their learning.  
   Argumentation was new to children in Bulgaria and the associated skills of articulating 
thoughts in scientific language and listening to opinions of others are not well developed. 
Children have no opportunity to develop these skills unless teachers encourage them to 
discuss and argue.  When they did so children used more scientific language.  
   Thinking skills were encouraged in Austria through the use of concept cartoons, and 
discussions of competing theories exposed by historical experiments. These acted as a 
stimulus for experimentation leading to children changing their minds once they had 
gathered evidence.  
 
Encouraging argumentation is fundamental because the skills learned in argumentation 
are life skills. 
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Children were given many opportunities to record their findings, thoughts and evidence.  
Some of these were embedded in the materials or children could use science notebooks, 
drawings or functions on a mobile phone (photography, audio- recording, texting).   
Analysis of some of these methods is included Case studies in the Annexes. Leaf 
skeletons, dyed cloth, models and seeds from plants they had grown were amongst the 
tangible evidence of children’s actions and valuable reminders of thought processes. 
 
   Encouraging children to think for themselves can change their values, way of thinking 
and attitudes. Allowing children to carry out experiments in Austria changed children’s 
attitudes to science lessons because they preferred to do the experiments themselves 
rather than watch the teacher demonstrating. By doing the experiment themselves there is 
also every likelihood that they understood it better.   
        
• Working out-of-doors  
 
   Many modules required a high proportion of work out-of-doors and all included one or 
more visit to a botanic garden. Learning out-of-doors provides a good opportunity for 
children to take part in authentic science activities and interact with living organisms; 
something which is becoming increasingly rare in the majority of primary schools in partner 
countries.  
 
• Linking home and school knowledge 
 
  The Food unit encouraged strong links between learning at home and school. Children 
grew beans and explored healthy eating and sustainability when measuring food miles.  
They enjoyed these lessons because they were connected with an activity that they 
understood from every day activities outside school; they go shopping, they make 
decisions about what to buy.  Other children watched bees outside school and spent up to 
an hour doing so. Linking home and school were important aspect of this project.   
   
Even when the original aim of a lesson is thwarted e.g. making flutes (Art unit), the 
children discovered for themselves that the hollow stems resonated well and experimented 
with different sounds. Creativity can make the mechanisms of science convincing and 
directly relevant to the individual. Here and in the Experimenting about plant growth unit, 
children could develop their attitude towards science by themselves. 
 
• Parents’ feedback 
  
    Parents who accompanied children on visits to botanic gardens or helped their children 
during the project made positive comments.  They were more aware of their own learning 
at the botanic garden in particular because they were investigating with the children. 
  
Applying knowledge, from whatever source, to new situations is a fundamental skill in 
science. 
 

4.1.3.2. Teaching outcomes 
 
   The principal aims of the PSG project for teachers were that they should encourage 
children to work like scientists and to do so in a way that included: 
Group work indoors and out-of-doors 
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Differentiation 
Formative assessment 
 
• Group work indoors  
 
   It is important that children work in groups to begin to clarify their own understanding and 
to challenge the views of others. In Bulgaria two classes had no experience in group work 
and the desk arrangement in classrooms was static. They tried different types of small 
group work, but encountered opposition because teachers found it unacceptable; they 
wanted silence during lessons. Usually teachers divide children formally and leaders in 
small groups may not allow certain children to participate at all.  
   
 Facilitators from the botanic garden were not deterred. Concept cartoon were new to the 
children and there were initial difficulties. By adding a story to help them get the idea, 
children found it easy to learn through the process of discussion that was encouraged.  
    
Group work is common in Austrian classroom but concept cartoons, concept maps and 
argumentation activities are not commonly used at primary school level. Teachers were 
sceptical initially and uncertain that their pupils would learn anything through group 
discussion. Observations suggest that many groups had early difficulties but developed 
their skills in the course of the project. Since there are many different techniques included 
in the materials to encourage small group discussion, the children will get plenty of 
practice if they complete several modules.  
    
Group work was prominent in the Austrian experiments because children needed to 
discuss their findings. They could talk fluently about their own ideas and used 
observations of their own experiments to underpin their arguments during discussion. 
    
Teachers in the UK were used to group work, perhaps to the detriment of the underlying 
reason for small group work during this project, i.e. to improve reasoning skills. The more 
general practice of ability grouping for all tasks dominated and so higher and lower ability 
children were not mixed in some classrooms. Teachers need to consider their practice and 
ensure that the underlying concepts and strategies provided in the PSG modules are not 
undermined. 
 
• Group work out-of-doors   
 
    Teaching techniques appeal to some children more than others and this includes going 
out-of-doors for lessons.  At all schools involved in the project there was a much greater 
level of engagement with plants out-of-doors than was usual for this age group (9-12 year 
old).  In interviews, open questions on questionnaire, recordings on mobile phones, 
comments overheard or made when schools left the garden, children expressed their 
enjoyment and were positive about engaging with plants out of the classroom. 
   
Evidence from some children in the UK and Bulgaria indicate that there was higher level 
thinking and learning out-of-doors and that children preferred hands-on activities. 
  
 In their interviews many children and teachers in Austria mentioned that visiting the 
botanic garden was the highlight of the project and that they enjoyed all of the activities 
they did there. The children remembered most of the activities and experiments they did 
and could recall what they discovered during these experiments.  
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• Differentiation 
 
   It was important that the PSG modules could be differentiated easily.  Teachers or 
facilitators ensured that all children were included in all of the investigative activities during 
the project.  Some teachers managed issues of poor language and literacy skills by pairing 
children of higher ability with those of lower ability, good scientists with poorer scientists or 
spending more time working with less able groups. Children were given opportunities to 
use equipment, express opinions and explain their reasoning which the majority could do 
whatever their ability.  
 
• Formative assessment 
 
     In the Experiments about plant growth unit the modules indicate a given experiment 
sequence which opens the possibility of seeing how the children developed their thinking 
and understanding as they worked with the resources. One specific example of formative 
assessment was when children linked the experiments they conducted with their concepts 
of photosynthesis. The children were asked to produce a concept map with 20 keywords 
on photosynthesis then photographs of the experiments conducted were distributed and 
children had to link them to the specific keyword(s) in the concept map. It was possible to 
follow a line of reasoning and question children about their understanding.   
 
   Formative assessment methods were used by other partners whose approach was less 
sequential. Formative assessment is still developing in lessons in the UK but because 
tests were not included in each unit, learning had to be shown clearly in the work children 
produced.  The inclusion of diamond ranking was one device; children showed their initial 
thoughts and went on to refine their ideas.  The teacher then questioned children to clarify 
the progression in their ideas.   
  
  By making models of a new seed dispersal method or identifying vegetables from 
evidence cards and then creating their own card for an unusual vegetable, children’s 
understanding and ability to apply their learning to new situations became clear.  Teachers 
also found the units useful for revising prior knowledge because the situations were 
different from those in the current schemes of work most schools follow.   
   
 Only one school took the opportunity to access the data children collected on a website of 
their visit to Kew.  An ideal way of reviewing learning and asking children to justify their 
reasoning as they collected data was neglected.  Children’s ownership and the 
enthusiasm they brought to collecting data were also disregarded. 
   
 In Bulgaria children were inclined not to answer some worksheet questions that they 
found too difficult or simply due to lack of interest. Since their teachers took no part in 
evaluation it was difficult to motivate children to behave otherwise. The last module 
however, Our botanical game-revision, enabled an evaluation of what children had 
learned, what had impressed them and their enthusiasm for taking part in the activities 
throughout the year. It became clear how much they had learned during the project. 



        

EU Project: Plant Science Gardens: Plant Science Education for Primary Schools in European Botanic Gardens 

University Innsbruck, A - Institute of Education, London University, UK - MuseoTridentino di Scienze Naturali Trento, I 
University Botanic Gardens Sofia, BU - Royal Botanic Gardens  Kew, UK 

 

 19 

 

4.1.3.3. Teacher’s own development 
 
   In Austria the all teachers involved mentioned that working with these new resources 
enhanced their own thinking and had helped them to develop their teaching.  In the UK 
teachers commented that there was much that they wouldn’t have known in the resources 
and that they really needed to know to teach the lesson effectively. There was recognition 
too that the materials provided approach to curricular integration that they had not 
considered in the past.  
   
Because of the nature of plant science, growing plants in particular, teachers learned more 
about what children knew and enjoyed doing at home with parents and grandparents; it 
surprised them.  Admission that teachers often neglect to establish what children already 
know and, without building on this knowledge, lessons are less effective and a child’s 
passion can be extinguished.  
 

4.1.3.4. Barriers encountered 
 
• Teacher training 
 
   The biggest single barrier to teaching science effectively in primary schools is teachers’ 
lack of confidence to teach science largely because their own understanding is limited. In 
particular, they do not have the background or repertoire of ideas to teach plant science 
effectively. 
    
Even with the resources provided and explanations of teaching methods to achieve a 
range of skills and knowledge content, teachers still felt unsure and anxious about 
adopting new ways of working. Some of the teaching methods were completely new in 
participating countries and throughout Europe.  
 
  Other barriers recognised by teachers in the initial analysis of questionnaires at the 
beginning of the project have their parallels in the schools sampled. 
 
• Planning 
 
  In the UK teachers in a year group plan lessons together but there seems to have been a 
lack of dissemination to colleagues in 2 of the schools which took part in the project.  The 
culture and ethos of a school is a factor here.    
  
Teachers found it easier to incorporate some units than others, largely because they did 
not begin their planning to include the units until the spring or summer term in the second 
year of the project.  One school was less inclined to put new work into place because 
lessons were already available from previous years.  Introducing new ideas takes work on 
the part of teachers.     
  
  Working like a scientist implies practicing skills that scientists might use, however, Health 
and Safety implications can cause teachers to reduce this potential. For children to gain 
some skills e.g. using sharp knives to cut vegetables open, or sensory experiences of 
smelling and tasting, they need practical experiences. If this entails having more helpers 
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during a lesson then it is a planning issue because these are life skills as well as scientific 
skills. 
 
Cross curricular integration is particularly important and science cannot be 
compartmentalised for young children. Teachers have limited time available for plant 
science. The PSG units integrate curriculum areas with science e.g. personal, social and 
health education and citizenship.  Emphasising the potential for curricular integration on 
the website with good links to other relevant sites is essential.   
 
• Knowledge content and skills 
 
   Teachers were concerned that practicing skills took time away from learning subject 
content.  Since science skills e.g. argumentation and generating questions are essential 
for all scientific enquiries, there is an obvious dilemma.  As teachers themselves become 
more familiar with these skills, their reluctance to emphasise skills may be reduced.  
    
   There was evidence that children need to practice thinking skills.  In all participating 
schools in the UK children were given science notebooks and asked to write any thoughts 
they had about science lessons, growing plants, observations they made or anything that 
interested them in science. Only with teacher guidance did the children use these 
notebooks. Rushing through a curriculum gives them so little time or encouragement to 
think for themselves or they are too anxious about writing something that is wrong, that 
they write nothing at all. 
 
   There were many layers to the PSG material.  For example teachers may usually ask 
children to draw a life cycle diagram but the life cycle resources for this project were 
designed specifically to encourage reasoning. If children are asked to draw a life cycle of a 
pea instead of using the photographs supplied, the skills being practised change from 
reasoning to observation, or even remembering observations made earlier in the life cycle.  
Whilst drawing plants has a place in plant science, teachers cannot expect children to do it 
too often at the expense of practicing reasoning or argumentation skills. Lack of colour 
photocopying facilities or the time to laminate cards are barriers to inclusion of some 
element of the unit, but barriers that might be overcome with better planning. 
 
• Long term projects 
 
  It became apparent when the science notebooks were collected that some teachers 
involved in the project had lacked commitment or were unable to motivate children to 
engage in long term recording.  There was also emphasis on drawing observations rather 
than encouraging any other form of written work. Digital cameras could have been used 
occasionally but no alternative means were sought to record data.  Schools may well have 
good resources but not use them effectively.  
    
   All of the schools in the UK planted beans but there were mixed results because some 
teachers did not encourage children to make regular visits or care for the plants 
adequately.  Only a select few children ate or took the beans home. 
 
• Parental involvement 
 
   Linking science with everyday life was important for this project.  Lack of parental 
involvement with their children’s education was an issue in 2 UK schools.  Suggesting 
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mentoring, talk partners or other adults e.g. grandparents are involved was the alternative 
proposed in the units.  These units offered an opportunity to encourage more support from 
family or friends. 
   
Accompanying visits to botanic gardens in Bulgaria was an issue and parents who came 
were of no assistance.   
 
Working out-of-doors must be planned in school so that other teachers can be involved. 
Botanic gardens could offer more helpers from their resources. Engaging parents in the 
education of their own children is a thorny problem and one which can undo the positive 
influence of working out-of-doors.  
 
• Distance 
 
  The value of a trip to a botanic garden was acknowledged by all of the teachers. 
However, schools furthest from a botanic garden may not be able to visit again without 
better funding. Travel is very expensive and school budgets are constrained.  Encouraging 
schools to grow vegetables is important but thought needs to be given to outreach and/or 
subsidised transport for schools that are a long distance from a botanic garden.  
 
• Equipment   
 
   Working like a scientist sometimes requires equipment scientists need to use in their 
jobs. Scientific equipment like microscopes, pipettes, Petri dishes or test tubes is often not 
available in Austrian, Italian and Bulgarian primary schools although all schools in the UK 
have microscopes (often for use with a whiteboard) and most of this equipment for 
experiments.  
    
Teachers in Austria were able to collect from the botanic garden a “Photosynthesis box” 
that included all the equipment they need to do the “Experimenting with plant growth” topic 
which helped them to overcome this barrier. 
   
Schools in partner countries lacked colour or just black and white photo copying facilities 
and others had limited or no internet connection. Even providing funding for craft materials 
was an issue in Bulgaria. 
 
   There is evidence that some schools have overcome the barriers identified here.  Best 
practice has been shown throughout the project. Even in schools where barriers have 
been recognised teachers were pleased with the resources and found that they could 
teach knowledge content and learning skills simultaneously. 

4.1.4. Recommendation: 
 

4.1.4.1. Dissemination  
 
   The resources will now need to be widely disseminated not only in the UK but 
throughout the EU because their subject content and practical skills are essential to 
increasing children’s awareness of careers in science.  Encouraging more children to 
engage with scientific ideas and ways of working is fundamental for a scientifically literate 
population. 
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   Action to improve science education through engagement in plant science must be 
considered by bodies responsible for implementing change at local, regional, national and 
European Union level. 
 

4.1.4.2. Teachers’ knowledge 
 
   Teachers’ initially indicated their lack of plant science knowledge (Deliverable 1.1). 
Teachers lack knowledge because plant science has been neglected in some EU 
countries for many years.   
 
   Plant science is relevant to scientific careers and scientific literacy. It is important to start 
from what interests children and not what we hope will interest children e.g. electricity is of 
no interest to some children and while they can live without it they cannot live without 
plants.  Learning science skills is applicable to all sciences.  
 
  The 4 units produced for the project could only address 4 topics in the time and with the 
resources available.   Others topics relevant to learning out-of-doors e.g. horticulture; plant 
origins and discovery; soils, compost, organic farming and gardening; medicinal plants, 
await resource development.   
 
   This project informs moves towards improvements in pedagogy relevant to science 
education. To manage enquiry teaching and learning approaches in schools requires 
action in teacher training organisations.  It also requires active curriculum support for plant 
science and the development of teachers’ networks that promote plant science. 
 

4.1.4.3. Botanic gardens and education 
 
   This project has generated evidence of children’s increased self-confidence in science 
by engaging in it at home, at school and in local communities. Botanic gardens are sharing 
their skills and knowledge but they are widely distributed, and variously funded even within 
one country.  Teachers also raised concerns about cost of transport to botanic gardens 
and their own poor resources for teaching out-of-doors.  
 
   Outreach may be a viable alternative and make botanic gardens expertise and services 
available to schools. The value of the education they offer in the future, particularly after 
educators have attended Continuing Professional Development, is evident from these 
case studies. Botanic gardens are filling a gap in education provision that needs to be 
recognised at the policy-making level and funding made available. 
 

4.1.4.4. Continuous Professional Development (CPD) for teachers  
 
  More teachers will need CPD to consider lesson sequencing, organising group work, 
introducing key skills, timing of lessons and considering the plants and other materials 
needed for lessons both indoors and out-of-doors.  Teachers will need support to refine 
these ideas and more than one CPD day if they are to reflect on their lessons and share 
experiences with others.  Botanic garden educators will need similar contact for their CPD 
opportunities.  
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   Access to relevant CPD must be available to all teachers throughout the EU and involve 
higher education bodies responsible for teacher education and for public understanding of 
science.   
    
   CPD must take account of the challenges identified here and considered in terms of 
funding available for CPD in EU countries. 
 

4.1.4.5. Initial teacher training 
 
   Modifying the behaviour of practicing teachers is far more difficult than introducing new 
methods to those entering the profession who need to work effectively when teaching 
science. Teacher training institutions will need to consider the ways in which they teach 
science to their students.  To overcome the barrier of insecurity and anxiety when teaching 
science, students will need to have practiced using the PSG materials, taking lessons out-
of-doors, practical activities and handled scientific equipment.  
 

4.1.4.6. Funding 
 
   Reference is made throughout to resources available in schools to teach plant science, 
including learning out-of-doors.  Lack of school grounds and capital investment in copying 
and computer equipment cannot be overlooked. Regular funding for craft materials, seeds 
and other “ephemera” is equally important. 
 
   Funding for teacher training in science will not be a priority unless science achieves a 
high profile in schools.  Whilst numeracy and literacy and paramount, much time is wasted 
in school by compartmentalisation of subjects when cross curricula integration reflects real 
world situations. 



        

EU Project: Plant Science Gardens: Plant Science Education for Primary Schools in European Botanic Gardens 

University Innsbruck, A - Institute of Education, London University, UK - MuseoTridentino di Scienze Naturali Trento, I 
University Botanic Gardens Sofia, BU - Royal Botanic Gardens  Kew, UK 

 

 24 

5. Annex I: Detailed evaluation reports from partic ipating 
countries 
 

5.1. Evaluation United Kingdom 
 

5.1.1. Resource construction and use 
 

5.1.1.1. Learning Theory 
 
  Piaget´s work (1969) implies that children learn actively through direct experience of the 
physical world.  First hand experiences were provided by all partners to introduce primary 
school children to science in general and plant science in particular. Vygotsky’s work 
(Richardson, 1997) indicates that a child’s thinking can be advanced with guidance not 
only from teachers but from mentors, peers, parents, experts and the local community.  
The promotion of group work, linking home and school activities and working with experts 
and local communities were emphasised in the PSG project resources.  Partners generally 
subscribed to the constructivist paradigm within learning theory and providing enquiry 
centred learning activities to be carried out in schools and at botanic gardens. 
 

5.1.1.2. Pedagogical Theory 
 
   Theories relevant to learning Science are also advancing and school science-teaching 
pedagogy is working towards better dissemination of enquiry-based methods. Partners 
generally subscribed to an understanding of argumentation as a dialogic social interaction 
in which understanding and meaning were co-constructed. They focused on the process of 
argumentation facilitated by the innovative teaching materials e.g. concept cartoons, 
mysteries and evidence cards.   
   Teaching Science in this way is likely to have a durable long-term impact because 
primary age children are generally motivated and have a natural curiosity.  Primary school 
is also where gendered patterns are established; all children were expected to participate 
equally when using the PSG resources. 
 

5.1.1.3. Scientific background 
 
   Many globally important questions are based on the role of plants in an ecosystem: e.g. 
maintaining biodiversity, and these issues concern scientists and society equally. An 
understanding of plant science allows people to participate actively in discussion, draw 
their own conclusions, make decisions and, potentially, take positive action. Plant Science 
does not have a high profile in schools.   
   In the UK for instance, botany is no longer an “A” level subject and it does not feature in 
terms of taxonomy in higher education.  Consequently teachers are unlikely to have an 
academic background which allows them to be confident to teach it.  To enable the use of 
PSG resources they were made as simple as possible.  A teaching sequence and 
additional notes were provided to assist teachers in their explanation of the lesson context 
and enable them to answer to likely questions.  
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5.1.1.4. Learning outcomes 
 
  Learning outcomes have been extracted from the case studies of partners to show the 
essence of the PSG experiences in the 4 schools taking part in the experiment in each 
country. The learning outcomes derived from use of the PSG resources fall into the 
following categories.  
 
Understanding subject specific concepts  
Cognitive development 

Judgements about the legitimacy of different sources of information 
Higher order thinking skills 
Conceptual knowledge and understanding 
Clarification of ideas and personal and/or societal values 
Applying knowledge and data to new contexts  

Social interaction 
Group work 

 

5.1.1.5. Understanding subject specific concepts  
 
   Children who used the resources have been given opportunities to form a more complex 
view of plant science, to understand the nature of science and to practice essential 
scientific skills.  Such opportunities are scarce in many primary schools currently as 
indicated in the initial research data from teachers. Resolving scientific problems and 
considering the potential for controversy in science were explored in all of the resources 
and the cases studies contain numerous examples.  
 

5.1.1.6. Cognitive development 
 
• Judgements about the legitimacy of different sources of information. 
 
Implied is that discussion provokes and supports argument in which children search for 
relevant information. Selecting relevant information may well be an initial learning outcome 
because some children have difficulty doing so. During an argument children choose from 
amongst the information they have to support their case or oppose other’s contributions 
e.g. UK: The Green School Kew visit; looking at courgette and tomato flowers. 
 
• Higher order thinking skills 
 
Children were encouraged to focus on an issue or problem and developed arguments from 
which to make a joint decision.  Diamond ranking, making a sequence or talking through 
the arguments relevant to a concept cartoon initiated the development of reasoning that 
advance away from emotional and impulsive decision making e.g. Italy: sequencing the 
degradation of a hillside. 
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• Conceptual knowledge and understanding 
 
Implied in cases studies from all partners is that the PSG resources act as a catalyst that 
promotes knowledge articulation, co-construction of knowledge and understanding as 
students present their ideas during a lesson e.g. UK: Oakland seed dispersal lesson.  
 
• Clarification of ideas and personal and/or societal values 
 
The resources required children to think about their own experiences and the values that 
they encounter in their daily lives; at home or in the media.  Their values were tested as 
they explored conflicts that are of concerns to scientists and society equally. It only takes 
one student to pose a fundamental question to draw out shared perceptions and clarifying 
ones own values may mean challenging others or persuading them to adopt your values 
e.g. UK: Oakland diamond ranking activity.  
 
• Applying knowledge and data to new contexts  
 
The PSG resources expected children to apply information they had found, been given or 
already knew; they were asked to do more than just disgorge everything about a topic. 
The learning outcomes go far beyond just answering questions in a comparable exercise. 
The teacher's purpose in, for example, role play is to encourage students to reorganise the 
resource materials to formulate roles and empathise with real world participants e.g. Italy: 
conservation games. 
 

5.1.1.7. Social interaction 
 
• Group work:  
 
Knowledge gained during discussion and group work differs from simply receiving 
knowledge from a teacher. The interaction may generate extra activities e.g. explanation, 
disagreement and extra cognitive mechanisms are initiated e.g. drawing out knowledge, 
decreasing cognitive load and internalisation. It is through the social dynamic of 
argumentation, involving negotiation among group members, that a more profound 
understanding of the topic and its issues is developed.  The process of negotiation has 
different functions depending on the context of an argument e.g. UK: Oakland, diamond 
ranking. Teachers and the IoE researcher were struck by the quality of arguments raised 
by children of 9 and 10 years of age. 
 

5.1.1.8. Teaching outcomes 
 
The way in which a teacher chooses tasks and sequences them, is largely to fulfil 
curriculum goals in her/his country. Teaching objectives will also vary according to the 
culture of a school.  
 
  Without teacher co-operation, PSG resources will not be used in the classroom. It is the 
teacher who has to recognise its potential and include it in her/his teaching repertoire. The 
PSG resources were designed to elicit constructivist teaching and learning experience. It 
is the enlightened teachers who will see it as a new way to introduce scientific and thinking 



        

EU Project: Plant Science Gardens: Plant Science Education for Primary Schools in European Botanic Gardens 

University Innsbruck, A - Institute of Education, London University, UK - MuseoTridentino di Scienze Naturali Trento, I 
University Botanic Gardens Sofia, BU - Royal Botanic Gardens  Kew, UK 

 

 27 

skills. When teachers use the resources they are likely to shape its underlying pedagogic 
intentions to suit their own teaching style.  
 
  How teachers perceived their role affects their modes of mediation e.g. Bulgaria; all 
modules.  Videos, interview evidence, meetings with teachers and questionnaires show a 
various underlying perceptions about education theory and actions in a classroom.  
Teachers are also unaware that they do not allow children thinking time or time for 
reflection.  If anything is left out of the lesson it may be the “fun” moments e.g. UK: Arial, 
when planned time was limited it was the Store Wars video of vegetable theatre that was 
left out.  
 
  The teacher’s role was to focus, motivate, guide children and encourage them to ask 
questions. It is a flexible role and implied is that teachers have to be as well prepared as 
students but be prepared to stand back and not “tell all”. 
 
Teaching outcomes are shown in all of the case studies for the modules used and can be 
seen in all schools in their comments on visits to Kew, group work and references to 
preferred learning style.  Constraints are important for teachers who want to change their 
pedagogy. 
 
• Visits to Kew  
 
   If the botanic garden lesson is taught effectively, with time allowed for reflection, the 
memory of that event may be more helpful to the children that trying to remember facts in 
isolation that they learned in “just another lesson in a classroom” e.g. UK: Oakland, 
recollection of the plants at Kew for their Global Week after the Kew visit.  
 
• Group work 
 
  Group composition and group dynamics were significant in two respects.  Firstly, the 
potential for conflict and argumentation; where there is no conflict there are fewer 
knowledge exchanges, no real collaboration and therefore the solutions offered were not 
necessarily shared wholeheartedly.  Girls and boys entered the argumentation process 
equally well in all of the UK schools; gender stereotypes may be challenged and changed 
by such interactions.  
 
  Secondly, in the opportunities for all children to make a contribution to their own learning 
is particularly important for self esteem and motivation. UK pupils, who would normally not 
contribute verbally in class, made audio recordings of their observations and evidence.  
Theoretically, turn taking, e.g. when sharing the mobile phones, is important for the social 
development of each group of learners. Since they have the tool for a short time they are 
also motivated to work effectively in their allotted time. 
 
• Ownership and self management 
 
  If students find evidence, make models, add their own ideas and words to their science 
notebook, follow a bee, take photographs or construct a unique game, they take individual 
ownership of their learning.  The level of children’s engagement in the PSG activities was 
apparent in video evidence. When they were involved in finding evidence they were 
managing their own learning and one UK teacher commented that the children 
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appreciated “being trusted” to use the mobile phone technology. Motivation to learn more 
can develop from the self esteem and confidence children gain from working in this way. 
 
• Preferred learning style 
 
   Like any other teaching technique, argumentation, hands-on activities and working out-
of-doors appeals to some students more than others because it falls within or outside their 
preferred learning style. Teachers may not be considering all learning styles if their 
teaching is predominantly indoors and desk bound. Questionnaire evidence form the UK 
indicates that some children prefer teacher direction and certainty to working 
independently and with uncertain outcomes. 
 
• Focus 
 
  Maintaining focus and engaging children in the learning process is a major concern for 
teachers because the school curriculum is full and time is at a premium.  The PSG 
resources will only be used if they teach knowledge content and skills whilst maintaining 
children’s interest. Equally there can be no collaboration, co-operation or effective 
argument without a shared focus. Teachers were surprised and delighted by the depth of 
focus students demonstrated when they engaged in experiments and finding evidence 
from a range of sources.  



        

EU Project: Plant Science Gardens: Plant Science Education for Primary Schools in European Botanic Gardens 

University Innsbruck, A - Institute of Education, London University, UK - MuseoTridentino di Scienze Naturali Trento, I 
University Botanic Gardens Sofia, BU - Royal Botanic Gardens  Kew, UK 

 

 29 

 

5.1.1.9. Constraints 
 
• Poor language skills 
 
  One of the constraints in group work was the poor language skills of some children. 
Teachers in the UK said that they tried to organise groups for maximum interaction and to 
assist learning e.g. poor readers with more able readers. Both size and composition of 
groups may also influence learning outcomes. 
 
• Assessment 
 
Teachers are constrained in their ability to do what they want to in science lessons 
because they must adhere to a national curriculum. However, there are ways in which they 
can use the PSG resources and modify their pedagogy. 
 
• Formative assessment 
 
  Formative assessment activities were integrated into the resources e.g. concept 
cartoons, concept maps and mysteries. Teachers can use these techniques to find out 
whether their teaching has been understood and whether children can apply the 
knowledge learnt.  It is easier to recognize misconceptions and where children need more 
help to understand concepts. Mobile phone use was particularly helpful because children 
had some knowledge of plant lifecycles and pollination but the abstraction learnt in class 
was shown in a new context at the botanic garden. One child recorded “How do bees 
make honey out of pollen?” The teacher who analysed the recording would know that this 
child needed more help, 
 
  Using The PSG resources indicates something about a teacher’s values; it expresses 
their forward-looking practice and the importance she/he attaches to student centred 
learning. The question it raises of course is whether the learning outcomes are worth the 
time spent on them. The issues that lie within the case studies define what it means for 
teachers to teach science differently and they will need to be flexible.  
 
They will need to re-evaluate their planning, teaching routines and use of other resources.  
  The PSG resources fall within the scope of research into teachers' pedagogy, 
argumentation, group work and collaboration, knowledge creation, styles of learning and 
memory of learned knowledge and skills. How innovative resources impinge on all of these 
spheres of education is not yet fully understood, and will not be until these resources are 
used in more schools and incorporated into teacher training and continuous professional 
development for practicing teachers. Then it might gain a sufficiently sound foothold to 
fulfil the potential recognised in this report. This report indicates that a prolonged period of 
effort is needed to consolidate and extend the user base and propagate the learning 
outcomes identified here.  
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5.1.2. Pilot Schools 
 

5.1.2.1. National Context 
 
     Schools in the UK are all expected to teach a national curriculum which includes plant 
science.  It was for this reason that the four schools engaged with the PlantSciGardens 
(PSG) project were happy to take part.  All of those schools invited to participate had 
support from head teachers, teachers and governors. The possibility of using the 
resources created was explored as fully as possible, but teachers were limited by 
constraints set by national curriculum requirements, school schemes of work and fluid 
participation by various teachers within individual schools. 
     Because each school devises its own scheme of work from the curriculum, fitting PSG 
materials into lesson contexts could only be determined for individual teachers when 
she/he was willing to participate, and when a PSG task fitted into the scheme of work and 
could be timed to coincide with sowing seed or looking at plants in flower or fruiting. 
Researchers are dependent on teachers to participate in research projects in the UK and 
cannot dictate what the teacher should teach. Given these constraints, the PSG tool was 
taken by teachers and, where it was used at all, applied in a range of contexts.  
     Despite the researcher encouraging early use of the materials produced in autumn 
2006, teachers were unable or unwilling to plan to do so and co-operate fully. Each school 
felt that they had cogent reasons for most of the PSG activities taking place in the latter 
half of the second year. 
     Schools can only allow one teacher to attend a training day even when costs of a 
supply teacher are met by a research project.  Consequently dissemination to colleagues 
was vitally important. Dissemination of the objectives and techniques for using the 
resources became the responsibility of the one teacher from each school who attends the 
CPD training.  The level of dissemination depended entirely on the culture of co-operation 
and collaborative that operated in her/his school. 
     In larger schools there is often more than one classes in a single year group; this was 
the case in the sample used in the PSG project. In all of the schools participating there 
were 3 classes per year group.  In 2 of the schools, 1 class was chosen to work on the 
PSG fully, including the Kew visit, whilst in the other 2 schools, all classes worked with one 
or more units and all children in the year visited Kew.   
     The ability, experiences and aptitudes of pupils in any one class varies and teachers 
had legitimate reasons for adapting resources to achieve differentiation.  They will change 
modes of working for children of higher or lower ability and for those who have problems 
with literacy (reading and/or writing) particularly where pupils have English as a second 
language. 
     To prepare for implementation of the PSG resources, a training workshop was 
organised at Kew for teachers from each of the schools. The workshops utilized the outline 
set out in the teacher training syllabus (see website: www.plantscafe.net as well as 
Deliverable 4.1.). It was clear at this workshop that teachers were happy with the general 
principles included in the teaching materials. Nevertheless, they spoke about how they 
might adapt elements to their own teaching style and how they might integrate them into 
lessons at the conceptual level of the children they taught.  It was also evident that some 
teaching techniques were not well embedded e.g. the ability to guide and encourage 
argumentation or to adopt formative assessment methods were lacking. The IoE 
researcher offered to provide individual or group training at each school but only one 
school took advantage of this offer.   
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     The layers of pedagogy, the strategies and activities in the PSG units were not 
recognised in full by the teachers who are used to following schemes of work provided for 
them by the Qualifications and Curriculum Authority (QCA) 
http://www.standards.dfes.gov.uk/schemes2/science/?view=get 
 
Teachers were still enthusiastic about adopting new teaching methods for the age group 
involved in this project (Year 5; 9-10 year olds) because, as the initial research for this 
project indicated, many teachers lacked the scientific background or knowledge to teach 
plant related topics.  
 
Enthusiasm of teachers involved in the project in the UK related partly to the limited 
teaching time (12 hours) allocated to plant related topics in the schemes of work that these 
state schools follow.  In this time teachers must encompass the topics of Fruits and seeds, 
Seed dispersal, Seed germination, Insect pollination, Flower parts for reproduction, The 
life cycle of flowering plants and a Varied diet. Primary school teachers must teach all of 
these topics in an engaging way and must be confident in their ability to teach plant 
science sufficiently well to provide high quality lessons.  
 
     Finding plant focused resources that are stimulating, accurate and easy for them to 
comprehend and easy to use with children of mixed ability, is not an easy task for most 
teachers. Their own and children’s access to resources in the school library or on the 
internet vary and some of these sources are older and more or less accurate than others. 
 
How schools integrated the UK Food units into the science curriculum is considered in 
more detail in the following case studies.  The schools taking part were 
 
A. Arial Junior School 

A large multicultural junior school in a completely urban environment with limited 
outdoor facilities.  
 

B. Oakland Primary School 
A large community primary school for a local housing estate in a suburban setting 
with relatively large school grounds. 
 

C. Aveton Primary School 
A large primary school with extensive school grounds in a rural village.  
 

D. The Green School 
A large urban primary school in a multicultural urban environment with small school 
grounds. 

 
E. Two other schools Weston  and Clerewood  used the resources without being totally 

involved in the project. 
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5.1.2.2. An overview of school activities in the UK  
 
Partners Ioe and Kew 
 
School number 

of 
children  

Topic Lesson context including working like a 
scientist - argumentation, observation, 
recording 

     time    arg  obs rec  indoor  outdoor  
Arial 

30 

Healthy 
eating/ 
sustainabili
ty 

1½ 
hrs 

☻   ☻ ☻   

Arial 
30 

Life cycles 
– planting 
seeds 

1½ 
hrs 

  ☻ ☻   ☻ 

Arial 
30 

Life cycles 
– evidence 
cards 

1½ 
hrs 

☻ ☻ ☻ ☻   

Arial 30 Pollination 1½ 
hrs 

☻     ☻ 
  

Arial 
(2006) 30 

Botanic 
garden visit 

4 hrs ☻ ☻ ☻ ☻ ☻ 

Arial 
(2007) 30 

Botanic 
garden visit 

4 hrs ☻ ☻ ☻ ☻ ☻ 

Oakland 
60 

Life cycles 
– planting 
seeds 

2 hrs 

    ☻   ☻ 
Oakland 25 Lifecycles  1½ 

hrs 
☻   ☻ ☻ ☻ 

Oakland 25 Seed 
dispersal 

3 hrs ☻ ☻  ☻ 
  

Oakland 
25 

Fruit and 
veg role 
play 

1½ 
hrs 

☻     ☻ 

  
Oakland 
(2006) 53 

Botanic 
garden visit 

4 hrs ☻ ☻ ☻ ☻ ☻ 

Oakland 
(2007) 69 

Botanic 
garden visit 

4 hrs ☻ ☻ ☻ ☻ ☻ 

Aveton 
75 

Life cycles 
- seed 
planting 

1½ 
hrs     ☻   

☻ 

Aveton 

25 

Healthy 
eating/ 
sustainabili
ty 

3 hrs ☻   ☻ ☻  
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School  number 
of 

children  

Topic  Time Lesson context including working like a 
scientist argumentation, observation, 
recording  

    arg obs rec indoor outdoor 

Aveton 
25 

Looking at 
seeds 

3 hrs ☻ ☻ ☻ ☻ ☻ 
 

Aveton 

25 

Healthy 
eating/ 
sustainabili
ty 

3 hrs ☻   ☻ ☻ ☻ 

Aveton 
(2006) 45 

Botanic 
garden visit 

4 hrs ☻ ☻ ☻ ☻ ☻ 

Aveton 
(2007) 39 

Botanic 
garden visit 4 hrs 

☻ ☻ ☻ ☻ ☻ 

The 
Green 30 

Life cycles 
bean 
planting 

1½ 
hrs     ☻   

☻ 

The 
Green 30 Pollination 1½ 

hrs 
☻     ☻ 

  
The 
Green 
(2006) 

30 
Botanic 
garden visit 

4 hrs ☻ ☻ ☻ ☻ ☻ 

The 
Green 
(2007)  

30 
Botanic 
garden visit 

4 hrs ☻ ☻ ☻ ☻ ☻ 

Clerewoo
d 22 

Pollination 1½ 
hrs 

☻ ☻ ☻ ☻ ☻ 

Clerewoo
d 22 

Pea Life 
cycle 
mystery 

2 hrs 
☻  ☻ ☻  
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5.1.3: Case studies: 
 

A. Arial Junior School 
 
     The Arial Junior School is surrounded by housing in a completely urban area.  It is a 
large primary school with around 345 pupils in twelve classes. Some pupils have limited 
skills in spoken English. Some pupils are learning English as an additional language.  
     The school is set in a small grassed and courtyard area. The children have access to a 
fenced garden which has large raised beds and a glasshouse. Children at Arial Junior 
School were involved in transforming this area of the school playground to grow fruit and 
vegetables. 
     The school is some 15 miles from Kew and the head has had a long association with 
Kew. She was fully involved and came with the children on the first visit a class made in 
2006.   
     It was easy to integrate the project into the curriculum at Arial Junior School because 
the stated aim of the school for Science was for children to study a range of scientific 
areas with the intention of children developing observational skills, scientific curiosity and 
awareness of the environment. Children are expected to make observations and 
comparisons, hypothesise and test ideas and to provide possible solutions.  
 
A.1. Teaching resources 
 
     The school was well equipped for working on the PSG project. Each classroom had a 
whiteboard and the teacher had a laptop for use with it. The classes had access to 
computers in a computer suite, digital cameras and microscopes that attach to the laptop.  
There was no colour photocopying facility; colour printing was a possible alternative. 
Scientific equipment was available and teachers had no problem in accessing a range of 
craft resources.   
 
     The outdoor environment was quite limited although a gardening club used the fenced 
allotment and allowed the PSG project to have a raised bed in which to plant broad beans.  
The class had access to the school’s stock of gardening equipment to plant the beans. 
The formal shrub beds around the school contained a range of plants that could be used 
to complete some parts of all of the PSG project modules. 
 
A.2. Teachers’ involved in the project 
 
Chloe led the project for Arial Junior School in 2006.  She moved into Year 6 in the 
autumn term and Delia became involved in the PSG project with her Year 5 class at this 
point. It was only her class, the brightest group of children in Year 5, which took part in 
autumn 2006 to summer 2007. Delia was a newly qualified teacher who had taken part in 
the first Kew visit to find out how to organise school excursions.  The head teacher was in 
the party on this first Kew visit because she was the first-aider for the group. 
 
A.3. Dissemination of the project in school 
 
Chloe organised the first Kew visit in June 2006. She worked with the ICT co-ordinator 
prior to the visit and thought that the ICT link at Kew (mobile phone use) was very good for 
cross curricular activities. She said that they would look at the items the children 
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contributed to the website when using the mobile phones. There is no evidence of any 
such activity in the website galleries and she did not disseminate the idea of using the 
accumulated evidence to other teachers in the year. The school also suggested that it 
would disseminate the resources and outcomes to the Education Action Zone in which it 
participated.  
 
     The school was given the CD for the Food unit early in the autumn term 2006. Delia did 
talk to her colleagues who tried out some of the PSG activities but they were not fully 
involved because their classes were not able to visit Kew. Delia took part in the CDP day 
at Kew in March 2007. She did attempt to teach the lessons over the whole year and not 
just immediately before the visit to Kew. 
 
     Teachers in a year group plan lessons together and here Delia fitted the modules she 
chose to teach into the programme that the 3 teachers in the year had planned for the 
term. Delia was given the handbook in October, taught a lesson on keeping healthy and 
incorporated food miles and sustainability in January and planted beans in early February. 
In May she taught one lesson on parts of the flower and Unit 6 on pollination followed 2 
days later by another which included parts of the plant, Unit 4, Plant life cycles and Unit 3 
Profiling a vegetables including identification of vegetables using evidence cards.  In these 
lessons she used some of the materials available to all teachers in the year but used the 
PSG units so that reasoning and hands-on activities were incorporated into her lessons.  
 
     Children disseminated their learning to others after both Kew visits by taking a school 
assembly to tell others what they had done at Kew.  They told children across the whole 
age range about plant science and the fun activities they had done on the day.   
 
A.4. Meetings and CPD with teachers 
 
     Chloe led the project for Arial Junior School initially and Delia was one of the teachers 
who came on the first visit to Kew in June 2006.  Delia became fully engaged with the 
project in February 2007 and attended the main CPD day in March. She did not have 
previous experience of some of the techniques in the units despite having only just passed 
through a teacher training programme.  She made a well planned attempt to incorporate 
the PSG units into her lessons. 
 
A.5. Teachers’ involvement in design of units 
 
     The lead teacher for the project, Chloe was an experienced teacher who organised the 
2006 visit to Kew but she moved into year 6 in 2007 so her place was taken by the less 
experienced Delia.  It was Delia’s feedback which proved to be helpful for the design of 
units. 
 
     After the first visit to Kew, Delia had some idea of the content of the botanic garden 
unit.  Because she was the only teacher who spread her work over 2 terms her teaching 
had considerable influence on the development of units. Those who taught PSG units just 
before or after the Kew visit could not contribute in the same way. 
 
     Delia provided her plan and the homework she set for the first piece of work she taught 
for the PSG project (see appendix 1). It indicated that, because she had already worked 
on healthy eating, she changed the initial lesson to revise the work already done and to 
initiate argumentation. She and commented at the CPD “It would have been better if we 
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had done it in the keeping healthy topic.” Since the CD was available when she taught the 
topic it is disappointing that she did not consider using the resources then.  
 
     The lesson was not videoed but it was observed. Points from this observation were 
taken into account when the unit was reviewed by the UK team e.g. “Need to write an 
explanation of why some vegetables can still be in the shops unseasonally. Also why do 
we import vegetables; for teachers e.g. seasonality, cost, variety etc.”   
 
     It was also noted that there was no discussion of whether the recipes were both healthy 
for the children and healthy for the environment. Inclusion of a concept cartoon in Module 
11 Healthy eating and sustainability to stimulate discussion of food miles was the outcome 
because discussion in this lesson focused mostly on pollution.  A table was also provided 
that could be filled in to help children judge whether a dish was healthy both for 
themselves and for the environmental.  The aim was to reinforce the sustainability focus.   
 
     A significant issue was raised; children had not worked with maps for some time. 
Depending on how the curriculum is taught in individual schools, children may only work 
with maps on a 2 year cycle.  Delia said “They really loved looking at maps and liked doing 
the activity with the map but didn’t know where countries were.” It is evident that to 
address the whole range of skills necessary to complete a one hour unit that focuses on 
food is difficult. Resource writers have to assume that such skills will be taught at some 
point at which time teaching the module will be possible. Teachers will make the decision 
as to when they can incorporate units and this was one reason for accepting that there 
could be no proscription on sequencing lessons. 
 
     By observing lessons researchers were able to judge the time needed to complete 
specific tasks. Delia was a particularly well organised teacher and her class contained 
mostly intermediate to high achievers. The timing of units depended on how well children 
engaged in the lessons and the level of engagement in discussion. Delia had also planned 
to show a video of “vegetable theatre” and to ask children to list the vocabulary learned in 
the lesson; there was no time to do either.  All such variables had to be taken into account 
when reviewing unit timing.   
 
     The importance of children’s level of conceptual development and degree of 
engagement were noted as each unit was taught. Children are often grouped with regard 
to ability and teachers try to spend an equal amount of time with each group.  Timing may 
relate to the conceptual level of the least able and this was one reason for including 
extension activities for those who completed tasks quickly. It was particularly noticeable 
that Delia did not give her least able group the life cycle photographs (Module 4) as other 
groups started the task, instead she had worked with them on plant growth and then gave 
them fewer photographs.  
 
     Topics feed into PSG lesson from science, maths, geography, PSHE and other 
subjects.  A unit may be taught as a revision exercise, a stand alone topic or as a step in 
the teaching of a larger topic which will alter the time given to each unit or a specific 
aspect of a unit. These issues were discussed in review meetings.  
 
     It also became apparent from observing Delia, that teachers have their own 
misconceptions. “Delia had some strange comments – colours in fruits and vegetables 
represent different vitamins!” No resource can be written for every eventuality but any 
misconceptions picked up during observations were at least discussed and steps taken to 
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include generic information in Teachers’ notes or in the Media gallery where problems 
were recognised. 
 
   Some of the modules were changed after observation of lessons e.g. the Module 6 Bees 
visit flowers Powerpoint was changed to include a hive picture and to make the bee 
anatomy clearer. Further evidence was given to teachers on how honey was made from 
nectar. Sorting sheets were also rationalised and a note added the impracticality of 
photocopying activity sheets from unit 6 back to back and then stapling all of the sheets 
together.  
 
A.6. Details about children 
 
     There were 30 children in Delia’s class from a range of socio-economic backgrounds.  
The children were generally intermediate to high achievers and low achiever groups were 
mainly for children who had only recently joined the class or had poor language skills. 12 
children took part in interviews for the project and on each occasion there were 2 high 
achievers, 2 intermediate achievers and 2 lower achievers but all of the children were 
confident and articulate. 
 
     The lessons Delia taught offered a fair balance of teacher directed and child centred 
work.  Science in the UK is expected to be enquiry based and the children learned enquiry 
skills in a range of activities. Delia commented that “The children were very excited about 
their Scientist notebooks.” The researcher took this as implying that working with a 
notebook of their own must have been a novelty for them in terms of ownership and 
recording skills.  
 
     Delia mentioned on the CPD day that 25% of the children in her class might come up 
with a healthy recipe but 75% did not have internet access and/or parents who might be 
willing to help them with homework.   
  
The school had visited Kew in the past and, because of its proximity, some of the children 
interviewed had visited with their parents or grandparents at weekends or in the holidays. 
 
A.7. Activities in school lessons 
 
     Activities in the first lesson on healthy eating are described in Teachers’ involvement in 
design of units above and the lesson plan is in appendix 1. Delia completed 5 other 
lessons on plants and a second visit to Kew 
 
The bean planting lesson     
 
 The bean planting lesson was well planned. A risk assessment was completed for the 
planting site, the tools used and Health & Safety (H&S) implications of handling soil. The 
children were excited about going outside even though it was cold and wet.  Care had to 
be taken to ensure that one child with physical disabilities participated fully. Children 
worked in pairs and all those handling soil wore gloves.  Delia only handed out a bean to 
plant once a hole had been dug.   
 
     In planting lessons at other schools, groups were of no more than 10 children at any 
one time. Here 30 children congregated around a small plot (about 3metres x 3metres) 
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which was impractical and some children became disengaged, especially when it started 
to rain.  The children recorded the activity in their science notebooks. 
 
Module 4 Plant life-cycles 
 
A 1½ hour lesson. Using a plant life cycle diagram from a standard whiteboard package, 
Delia revised flowering plant reproduction and plant parts, pollen distribution in general 
and a bee’s role in pollen movement in particular. They also revised fertilization, seed 
dispersal and germination.  Their recent experiments on cress seed to find the ideal 
conditions for growth were recalled using a mixture of teacher talk and children’s 
discussion. 
 
     In groups the children worked with the pea plant picture from Module 3 of the Food unit 
to reinforce their understanding.  Some groups did not follow Delia’s instruction to write the 
correct labels next to the appropriate part of the plant.  Because they had a pair of scissors 
on the table for another exercise, they assumed that they should cut the labels out and 
place them on the picture. 
 
  Delia had put the same pea picture onto the whiteboard. She had taken the keywords 
from the picture and written them next to the diagram so that the children could move them 
around the board and place them next to the plant part. She went on to show the Module 3 
Powerpoint and discussed each slide with the children.  
 
   Delia had laminated the pea lifecycle pictures and each group was given a set in an 
envelope. These were distributed together with the statements explaining the life cycle. All 
groups engaged well and managed to put the life cycle in the correct order after 
discussion.  One group had a particularly heated discussion about whether the peas in the 
pod were the last stage in the cycle.  They finally decided that the dried peas out of the 
pod came last.  All groups put the photographs in a circle without being prompted to do so.  
 
   Delia asked which of the dispersal methods applied to pea seed so linking it to their 
initial revision activity.  She went through each aspect of the cycle in turn and group 
members held up the appropriate photograph.  The children replaced the photographs in 
the envelope for future use. 
 
   The next task was use of the evidence cards from Module 3. Delia had brought in a 
courgette, a tomato, celery, a white and a red onion, a white cabbage, a red and a green 
pepper, peas, an aubergine, and broccoli; not the complete set of vegetables shown in the 
materials for the lesson. 
 
   Her concern for Health and Safety was paramount. Children were not allowed to use a 
knife; Delia cut the vegetables open. She urged them to touch the outside of the 
vegetables but not to eat anything.  She reminded them to work like scientists. 
 
   Because some vegetables presented were not on the evidence cards, some children 
were confused.  The researcher assisted with identification by asking questions about 
what they were looking at e.g. “what is this [a sepal]” and when the children answered she 
asked “which one [of the evidence cards] has sepal on it?” She also encouraged them to 
feel and smell the vegetables.  Delia asked the children to make a list of which part of the 
plant their vegetables came from:  
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VA(2)9.40: “We have done our observations as scientists and now we need to draw 
conclusions.” 

 
However, the children did not use the table provided or decide which was the strongest 
piece of evidence they found for arriving at their conclusion. 
 
Module 6 Bees visit flowers. 
 
    A 1½ hour lesson in which the children revised plant life cycles and Delia asked deeper 
questions about germination and discussed pollination in some detail.  Delia chose not to 
give the children the concept cartoon until the children had some facts and so missed an 
opportunity to see children’s learning as they changed their minds or added information to 
their original ideas.  
 
    She again used a standard plant diagram that included the reproductive organs and not 
the diagrams or Powerpoint provided. She talked about pollinating agents and the children 
labelled a standard flower diagram. She showed a short video of transfer of pollen and 
magnified pollen grains. 
 
    The children then sat in a circle in front of the whiteboard and talked about their 
observations of bee activities. They discussed what it was that the bee looking for and 
taking from the flower. Children were articulate and explained their observations well.   
 
    The children were asked what the bee was looking for in flowers. The answer pollen 
was ignored and the question repeated until the answer nectar was given (bees collect 
both to supply their larvae). She went on to show the module 6 Powerpoint.  
 
    Delia explained the concept cartoon task and reminded them that they must use 
persuasive language; talking first and then write good arguments. She worked closely with 
the least able group on this task.  
 
    Pairs of children went on to sort the evidence and link it with the statements that were 
the headings on the sorting sheet.  Children were constantly turning the pages and getting 
lost in this task because the sheets were stapled together and photocopied back to back. 
Delia commented that the discussion were good as she toured the groups; the children 
explained their reasoning to her. 
 
    Each pair joined another pair to review their arguments. At the end of this discussion the 
class did a 1 minute of brain gym so that the children could refocus and all conversation 
ceased. They went on to write the final conclusions with their original partner.  
  
A.8. Children’s learning   
 
   Delia liked the ideas in the pack but she had changed the layout to incorporate what she 
called the key questions in her lessons. She did not appreciate that the basis of the PSG 
project was that children should generate their own questions so this was not emphasised 
in her lessons. 
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Bean planting lesson 
 
   The children engaged well with hands-on activities.  Two children from three ability 
groups were interviewed in July and the children were questioned about this lesson.  
Those in the higher ability group seemed to have been the least interested although the 
girl in the pair said, when asked what they liked about growing plants: “Because we got to 
learn about plants not just look at pictures.” The middle ability pair were far more articulate 
and enthusiastic. When asked if she like going outside Girl P said that she did: “.. to see 
other creatures and planting things and watching it grow and if it was a food tree or plant 
then we could pick it and see how much we have made it grow by looking after plants.”  
She added “I like going out and not just messing around with mud. I think science is boring 
but doing it outside and doing it with my hands, I’m a kinaesthetic learner.” 
 
   The lower ability group pair were quite animated and had remembered that: “if there 
wasn’t any soil on top of it [the seed], it wouldn’t grow.” 
 
Vegetable sorting lesson 
 
   This lesson provided opportunities to review prior learning and to reinforce new learning. 
Skills such as working in a group and argumentation were encouraged and practiced.  The 
children also worked through a list of criteria and observed vegetables closely. 
 
   The children did not use their science notebooks to make any notes or generate 
questions about the lesson topic or the activities they engaged in. Instead they glued their 
final activity sheet (listing vegetables as parts of the plant) into their school science books. 
 
   The children were not allowed to cut up vegetables and they were asked not to touch or 
smell the inside of the tomato or onion.  The skills associated with deciding where to cut, 
taking care with sharp equipment and some sensory experiences were not accomplished.  
 
Pollination lesson 
 
    The children showed their ability to reason and place pictures in a sequence (life-cycle).  
They engaged in argumentation by persuading others about their placing of photographs. 
A vote was taken after they had sorted the evidence which showed that their views were 
valued. They all learned and agreed that a bee visits flowers for both pollen and nectar.  
Delia picked a few children to say what they had learned during the lesson. She was 
pleased with the scientific language and the evidence they had cited in this activity.  They 
were not asked about the inadvertent nature of bees pollinating flowers.  
 
A.9. Activities in botanic garden lessons 
 
In 2006 the initial botanic garden sorting activity had been split into two sections; one 
sorting vegetables into ‘plant  parts’ of stem, root, leaf etc and a second sorting into 
characteristic groups e.g. plants belonging to the tomato family or plants belonging to the 
pea and bean family. The double sorting activity caused some confusion with a few of the 
children, who found it difficult to move out of the concept of sorting ‘plant parts’ to a sorting 
into systematic groups. However when challenged to put vegetables into a ‘cabbage’ 
sorting box all the children could justify the selection (cauliflower, broccoli, red cabbage 
etc’ VO06. Chloe and other teachers completing the exercise, suggested that sorting 
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vegetables into ‘plant parts’ would be better done at school and that sorting plants into 
their ‘classification’ groups should be the only sorting exercise at the botanic garden.   
 
  Chloe’s suggestion was taken up and introduced for the 2007 Kew visit, offering a more 
focussed exercise and allowing more time for activities during the day. Because the 
children were more familiar with the vegetables from their work with them between 
February and June, classification was within their every day experience. 
 
 Children’s learning 
 
    Chloe led the first visit to Kew in June 2006.  She was pleased with the outcomes 
because “I really picked up on the point that you wanted them to be science investigators 
and to really get to grips and be really hands on with the resources [vegetables].” She 
thought that they loved the hands-on activities. She also thought that children usually felt 
held back because they were afraid that they would make a mistake so she was pleased 
that cutting up the vegetables was modelled and then they felt more confident to open the 
beans and investigate other vegetables fully. There was no attempt here to stop children 
using knives to cut vegetables and acquire skills of common sense, care with sharp 
equipment and cutting at different points on the vegetable. 
 
It was noticeable that the children were engaged with the investigative work and levels of 
animated conversation and participation were high. Three trainee physics teachers had 
been enlisted to support the class visits and all commented on the enthusiasm and 
engagement of the children; they also found the exercise useful for themselves, 
commenting that personally they would feel more confident when investigating  plants with 
children in the future. 
 
    She thought the mobile technology “fantastic” because it made the children feel “really 
special”; trusted to use them. In the past she had found boys particular frustrated because 
“they can’t find the right words because they can’t always have access to the English 
language that perhaps other children who are native speakers do.” The phones allowed 
them to show what they could do. 
 
   Delia was equally pleased with the outcomes and saw it as a revision exercise and as 
children applying what they knew in a different context.  She said: (DA 0.20) “Children 
were able to take what they had learned from the classroom and use it at Kew.” 
 
She was also pleased with their mobile phone use: (DA 0.57) “Mobiles were really good to 
get them interested.”  She had found the gallery they had created at Kew and asked the 
children to experiment and find out how to create a presentation with their photographs.  
She was surprised when she looked at the gallery and as she toured the groups that 
(DA.1.04) “They didn’t take pictures of themselves.” She was pleased that they had all 
really concentrated on the plants. The children also said in their interviews that they had 
presented some of the pictures in the assembly after the visit and they seemed pleased to 
have had the tools with which to do this. 
 
   When interviewed, the children could all remember the vegetable family they were 
investigating and that they were looking for similarities and differences to identify 
vegetable plant families. They also remembered the mobile phones and all their functions 
“Yeh, they were a good way to record all your information. You could take pictures and 
record voices instead of just writing things.”   
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    The high achieving group was somewhat restrained when the children explained what 
they did in the Palm House: “We were in groups and were assigned a plant and then we 
had to use a poem so the other groups can guess.”  The middle ability group was keen to 
say what they had learned “the carrot family [group] were looking at Umbellifer plants and 
how it looks like an umbrella if you turn it upside down.” and “it was fun seeing coconuts 
and bananas.  I’d never seen them growing before.” One child in the low achievers pair 
indicated that her rap performance gave her ownership of knowledge: “I kept on singing it 
because it stuck in my head.”   
 
 Resource use/teacher satisfaction 
 
   Because Delia did 6 of the Food modules, she was in a good position to comment on the 
resources.  Her first lesson had been on healthy eating and she has recommended that 
this unit goes into the planning for next year. The children in her class provided about 40 
labels for this activity. Although some found it difficult to find or think of a healthy recipe; 
she implied that their mothers didn’t know any recipes but it is just as likely that the 
children forgot to ask them!  
 
   She found the bean planting and the unit on life cycles very helpful but the schools only 
has a colour printer and not a colour photocopier so she had been quite careful about 
collecting the photographs from the children after the lesson because they had been 
printed from the CD-Rom.  She thought that this unit would be less successful without 
outdoor space to grow a vegetable and observe its life cycle but other classes in her Year 
group had done some of the life-cycle work using pictures. All three teachers in Year 5 had 
liked using the lifecycle module nevertheless and they had been suitable for the mixed 
ability classes because more able children were grouped with less able children to 
complete the activities. 
 
   Delia had not used some of the units because they did not fit into the planning for the 2 
terms they had available. She thought that the evidence cards, concept cartoons and 
mysteries would be used by gifted and talented groups next year.  
 
   When asked whether she thought other schools might find them useful she said “it is 
high quality but it depends on whether schools will put in the work.”  She clarified this by 
saying that using any new resource required work on the part of the teacher even if it was 
only photocopying.  Much depends on whether teachers are willing to change what they 
are using.  She had put the resources from the CD-Rom so they could be accessed by 
anyone in the schools and she thought that this was the best way to get teachers 
interested in using them. 
 
  As with collecting food labels she said that: “The activity they do at home is excellent 
but…” and went on to elaborate on the limited support some children experience. 
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B. Oakland School 
 
B.1. School context 
 
   Oakland is a large open plan sub-urban community primary school for the surrounding 
housing estates and nearby parts of the town.  450 children attend the school which is set 
in wooded grounds next to a large area of parkland (formerly the garden of a mansion 
which is now an arts centre).  The children have access to a wildlife area with a pond and 
a garden area comprising an immature orchard and raised beds.  There are also raised 
beds or planting areas near to each classroom. 
 
   The school is some 30 miles from Kew but the deputy head had contacted the IoE 
researcher at a gardening CPD day because he wanted the children to experience more 
outdoor education.  The head teacher was fully involved and a governor accompanied the 
deputy head to the first national PSG meeting at Kew. 
 
   It was easy to integrate the project into the curriculum at Oakland because the stated 
aim of the school for Science was for children to explore, discover and investigate the 
world around them.  Teachers encourage “finding out” activities because they help pupils 
to gather the experience which they need to understand the world. 
 
   They were also keen for children to be given the opportunity to develop and use 
communication skills and techniques involved in obtaining, presenting and responding to 
information. In the age group (Year 5 9-10 year olds) taking part in the PSG project, 
children were expected to convey their ideas to a range of audiences and in doing so, they 
were encouraged to present and display information in a range of ways. They were also 
expected to use computers to store, retrieve and present their work. 
 
   The head teacher wanted children to gain an awareness of the importance of science in 
every day life through investigations, secondary sources of information and visits.  
 
The curriculum the school wanted to adopt was described by the PSG project lead teacher 
as “the way we were working 20 years ago” or what he called “interest learning”.  The 
school was looking for ways of introducing more cross-curricular activities and moving 
away from compartmentalised subjects.  
 
B.2. Teaching resources 
 
   The school was well equipped for working on the PSG project. Each classroom had a 
whiteboard and the teacher had a laptop to use with it. There was no colour photocopying 
facility; colour printing was a possible alternative.  There were computers in each 
classroom and digital cameras, microscopes that attached to the laptop and other 
scientific equipment was available and teachers had no problem in accessing a range of 
craft resources.   
 
   The outdoor environment was varied in that there were planting spaces next to each 
classroom; Year 5 children were growing potatoes in a large bin and tomato plants in a 
grow-bag.  They all had access to raised beds in the wildlife area. They used the school’s 
stock of gardening equipment when planting broad beans, carrots and lettuce. The small 
formal flower and shrub beds around the school and a wildlife area contained a range of 
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plants that could be used to complete the majority of modules from all units of the PSG 
project. 
 
B.3. Teachers’ involved in the project  
 
   Three teachers were involved in the PSG project at Oakland School because of the 
number of children in the 9-10 age group. 3 classes took part so that they all had the same 
opportunities and experiences. The project leader for Oakland, John, was an experienced 
teacher and the school’s improvement leader. He had experience of pre-national 
curriculum teaching and said at one point that the teaching expected in the PSG project is 
what schools are beginning to do now after 20 years of compartmentalising subjects. His 
colleagues, Carol and Ann, were both experienced teachers.  
 
B.4. Dissemination of the project in school 
 
   Ann and John took part in an argumentation CPD specifically for them early in the 
project and the information was disseminated to Carol. John took part in the CDP day at 
Kew in March 2007 and disseminated information to his colleagues. 
 
   Teachers in a year group plan lessons together and here the teachers chose to teach 
those modules that fitted into the programme that they had planned for the term. They 
decided that Plant life cycles fitted in and built on the bean planting earlier in the year.  
 
    Although they had been given the handbook in October 2006, with the exception of 
planting beans in February and other vegetables in the spring, the teachers did not spread 
the lessons over the whole year but worked on plant related topics immediately after the 
visit to Kew. John said that giving “full exposure to the PSG project had been difficult and 
perhaps we have not been able to give it our full attention.” 
 
B.5. Meetings and CPD with teachers 
 
   The deputy head attended national meeting at Kew. John only became involved in the 
Oakland school for the first visit to Kew and became fully engaged with the project when 
the researcher visited the school on 21st February 2007; previously the link had been the 
deputy head. John attended the main CPD day in March but he and Ann spent a half day 
at their school in February working on argumentation which was a new technique for them. 
John collated feedback on the Kew visit and the project as a whole. 
 
B.6. Teachers’ involvement in design of units 
 
   The first exploratory meeting at the school in January 2006, with the head and deputy 
head, was to find common ground and potential activities in the PSG project. Oakland 
teachers wanted to grow vegetables in the future and needed an outline of vegetable 
growing seasonally. 
 
   After the first visit to Kew John understood what was included in the botanic garden unit. 
He said that, because the vegetables they sorted at Kew did not have leaves on them, it 
was very difficult for the children to relate the specimens to those they saw outside. The 
visit to the order beds meant very little to them especially as many of the plants in the 
order beds were not recognisable and/or well known to the children. These 2 observations 
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prompted him to grow vegetable plants in the school grounds so that the children could 
recognise some of them in the vegetable gardens at Kew when they visited in June 2007.   
He suggested that Paired Science might be difficult for some children because of the lack 
of parental support; he was afraid they could feel uncomfortable. Unit 6A was modified to 
include mentors or talk partners in the task, not just parents and watching bees in the 
school grounds or when travelling to/from school or in any garden they knew, was 
suggested.   
 
   John acknowledged that they usually left plant growing until the summer term which 
made it difficult for children to see the whole life cycle.  He agreed to broad bean planting 
in February. 
 
   The design process was iterative and teachers try to include innovative techniques and, 
once they have tried them, they decide whether they are worthy of inclusion in the future. 
John showed that teachers can find room for growing plants to study their life cycles. He 
made raised beds and all of the classes sowed broad beans. He showed that the science 
notebooks were accepted as useful. He divided them between the classes (1 between 2 
children) because there were 3 classes with approx 24 children in each class. Poor 
readers/writers were teamed with more able children. Children started recording 
observations in their science notebooks when broad bean leaves emerged; indicating that 
teachers can accommodate life cycle observations in the curriculum.  
 
   John used the pea life cycle materials to find out how many children had seen peas 
growing in pods.  He also compared carrot seed with broad bean seed. He grew other 
vegetables with the children to familiarise them with life cycles and what vegetables looked 
like as growing plants. In the raised beds he grew carrots, peas and spinach and “Near the 
class we have tomato plants, cucumber and sweet pepper plants growing in grow bags.” 
 
  After the February bean planting, John advised the researcher on the inclusion of the 
units. “We have been gradually tackling some of the units and plan to do some more over 
the next few weeks.  We are trying to do some co-ordination with our history - What it was 
like for a child during World War 2 [Dig for Victory]” 
 
   John said that the school was beginning to change teaching the curriculum; to channel a 
range of subjects into a topic. At the CPD, he also said that he would teach the units in a 
sequence appropriate to the season. Seasonal timing of units and their sequence of 
inclusion were expected to be flexible and F4 in the media Gallery shows possible planting 
for most times of the year. The units also have cross curricular elements that schools can 
develop.  
 
B.7. Details about children 
 
   There were on average 25 children in each of 3 classes taking part in the PSG project.  
The children in Year 5 were of mixed ability and came from a range of socio-economic 
backgrounds.  12 children took part in interviews for the project and on each occasion 
there were 2 high achievers, 2 intermediate achievers and 2 lower achievers but all of the 
children were confident and articulate. 
 
   The lessons in Year 5 at Oakland offered a good balance of teacher directed and child 
centred work but, because teachers asked specifically for CPD on argumentation, it was 
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evident that they were not familiar with teaching it.  It follows that children were not familiar 
with learning through argumentation.  
 
   Science in the UK is expected to be enquiry based and the children learned “problem 
solving” skills in a range of extra-curricular activities including gardening. Oakland had a 
thriving gardening club which some of the children in Year 5attended. 
 
The school had not visited Kew in the past but some of the children interviewed had been 
to it with parents or grandparents. 
 
B.8. Activities in school lessons 
 
Bean planting lesson 
   This first lesson was in the garden and children planted their broad beans.  Going 
outside for a science lesson was a new experience for them. The children were divided 
into groups of 10 and each group was engaged by the activity even though it was a cold 
day and they had to wait for others to plant their seed. They recorded the activity in their 
science notebooks. Teaching assistants accompanied these groups. 
 
John’s lesson 
 
   John used the Kew lesson to inspire children’s interest in plants. He set up a lesson on 
life cycles in which there were a number of activities taking place simultaneously; diamond 
ranking, pea life cycle, looking at seeds and drawing plants. Groups progressed from one 
activity to the next in the hour long lesson. 
 
   Two of the diamond ranking exercises were videoed.  Plant use had been discussed in a 
previous lesson to prepare the children. The children had been given 12 and not 9 
statements which made the diamond element of the ranking more difficult. The statements 
that had been cut out and laminated but the first group of children were not told what to do 
with them.  The researcher explained it them and they started to discuss the options. All of 
the children were completely engaged.  They made an initial rank and then offered 
relevant arguments for changing this ranking.  
 
   The major disagreement was about whether oxygen production was more important than 
medicine.  One boy said:  

“If we didn’t have oxygen but we took some medicine we would still die” 
 

   They used human-centred arguments until one child said the all animals needed oxygen.  
It was unfortunate that the child who persisted in moving medicine to the top rank could 
not speak English well and could not explain her reasoning. 
 
   Once they had completed the activity to a point where everyone agreed, they explained 
to John why they had set out their ranking.  His aim was for them to determine which of 
the uses of plants was vital and which was merely useful. They explained their reasoning 
to him and he reviewed their learning of pollination because they had put this low in the 
ranking. He asked them in turn whether they agreed with the ranking and asked for 
justification of each point.  The children gave him cogent arguments; they were articulate 
and logical. 
 
   A second group were equally well engaged and justified their ranking, e.g. 
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“we can’t live without clothes because it’s freezing in winter” 
 

   They decided on the ranking very quickly so the researcher asked them to justify 
discarding the 3 they had put aside and the ranking of the other 9. It was a different 
ranking from the first group.  Again John asked about the importance of pollination. Their 
answers were also logical and they were confident in their knowledge. 
 
   John commented on using the life cycle resources and growing plants: [It was] 
“interesting to see how many children did not have experience of plants and fruits, and 
were fascinated to see the flowers and fruits develop to maturity.” 
 
Ann’s lesson  
 
   Ann’s lesson was based on seed dispersal methods in the Conservation Unit Module 6 
Seed dispersal. The class worked on the characteristics of each method of dispersal and 
then applied this knowledge to produce an “invented seed” model that represented a 
particular method. They were fully engaged in discussion of seed dispersal methods as 
they worked in pairs and used a range of craft materials to create their model. They had to 
plan their construction and understand seed dispersal sufficiently well to communicate 
their ideas to others. 
 
   Each group presented its model and the others had to guess by what method their seed 
would be dispersed.  If they said “animal” the teacher asked them to explain more fully 
how an animal would disperse it. Children had to articulate their method and those 
guessing had to explain the method which encouraged a review of learning. Some children 
realised that two methods could be incorporated into one plant.  
 
Carol’s lesson 
 
    Carol chose to work on Module 7, Role Play Fruits and Vegetables in the Art Unit.  
Some children knew a wide range of vegetables and fruits but if they hesitated the teacher 
reminded them of vegetables growing in the school grounds. They went on to question 
one child sitting in the middle of the circle who had to answer yes or no to questions about 
the vegetable they had in mind.  Carol’s emphasis was on the quality of the questioning 
and the sequence of questions.  She encouraged general questions initially and then more 
specific questions. Children chose a wide range of vegetables and fruits which drew out 
questions about plant parts, colour, shape, texture, origins, seasonality, plant habit, (“do 
you grow on a vine”, “do you grow underground”) climate requirements and whether they 
were imported. Carol also encouraged extension of questioning into products; “can they be 
cooked in different ways”.  The activity supported the use of a mixture of scientific and 
more familiar vocabulary. 
 
   Carol went through the activity sheet and asked children to tell her the best questions 
they had asked and went on to asked for justification of their reasoning about fruits and 
vegetables. In pairs they discussed the questions and completed the activity sheets. Carol 
toured the groups to provoke more thought and to reinforce learning. She stopped the 
class when she found that although the children had told her about seasonal food they ate 
there was still confusion when they came to write their answers. One group had thought 
that strawberries grew all year and that celery was a summer vegetable. The children then 
presented their ideas about the best questions to ask; they had refined their questions and 
thought of more.  
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B.9. Children’s learning 
 
Planting broad beans. 
 
   In their interviews all the children remembered planting broad beans.  One boy said that 
although he liked planting the beans “It’s just boring going and checking it.”  Since many of 
the pages of their science notebooks were taken up with drawings of the bean at 2 week 
intervals, one can understand why he made this comment. Teachers will need to think 
about their recording methods if children’s initial interest is to be maintained. 
 
   In John’s lesson the aim was for children to determine which of the uses of plants was 
vital and which was merely useful. As they explained their reasoning to him they clarified 
their ideas and justified their ranking. By asking them in turn whether they agreed with the 
ranking he was gauging whether everyone had understood the arguments used by others.  
The children gave him well-argued and convincing arguments and showed that they had 
engaged with the exercise well. 
 
   In Ann’s lesson children had to understand seed dispersal methods sufficiently to make 
something a model that illustrated one of the methods. They had to plan their construction 
and then communicate their ideas to others who had to understand them well enough to 
make a deduction; those guessing had to review their own learning.   
 
   The fact that some children realised that two methods could be incorporated into one 
plant to give them a better chance of survival showed higher levels of thinking.  
 
   Carol practiced using language that children would need when deciding the best way to 
identify fruits and vegetables and also asked children to communicate their reasoning. Key 
to the process of discussion and argumentation was working in pairs. Carol also provoked 
more thought and reinforced learning as she toured groups. She made children think again 
when she realised that they were confused about seasonal food. 
 
B.10. Activities in botanic garden lessons 
 
On 15th June 2006 Oakland teachers took 51 children and 6 adults to Kew. The ratio of 1 
adult to 10 pupils is the Local Education Authority ratio for off site visits and not the ideal 
ratio for all pupils to have the best experience they can during a visit. John said that it was 
difficult for the school to find more adult volunteers. 
 
   The children were reasonably engaged with the sorting activities however the 
comparison work that the children had to complete outside was slow and not as effective 
as it had been with other classes that visited and was probably due to the lack of adult 
helpers and the fact that they had not been briefed well on the work the children would be 
doing on the day. This issue was later addressed in part by incorporating better guidelines 
for the school visits in the teacher notes.  
 
    During the 2007 visit the class had an initial brainstorming to review plant parts and 
some scientific terms. The children gave some good answers showing that they had some 
prior knowledge about plants, their parts, wildlife and the environment in general (VO07); 
“that’s a lavender miss”; “the stem holds bits up to get more sunlight”; “insects help spread 
the seeds”. The children offered a number of characteristics that they could investigate to 
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help classify plants; leaf texture, thickness of stems, shape, however they found it difficult 
to explain what the terms vegetable and fruit meant. 
 
 Children’s learning 
 
  After the initial visit in June 2006, teachers sent e-mails to the IoE researcher evaluating 
the visit.  These were teachers who had not worked on plants before this visit or accessed 
the website with children’s contributed photographs, recordings and text messages about 
plants after the Kew trip. 
 
  Ann commented on the vegetable sorting activity: “Sorting into 'like things'-similarities, 
looking at physical features. This activity was fine and the children learned a lot from this 
activity.” She was less certain about sorting into families “looking at vegetables from a 
scientific point of view was far too difficult for this age group - Too obscure. Half of the 
children did not know what the vegetables were. A lot of children have never seen these 
vegetables uncooked.” 
 
   She also commented on the activity in the order beds. “The order beds - Children lost 
interest. Again pitched at too high a level.” She said that “The children felt that the 'best bit' 
was the Palm House activity and using the mobile phones.”   
 
     John’s observations explained some of Ann’s comments. He found that the activities at 
Kew were more testing than they were used to in class, not because of the children were 
asked to work like scientists and engage in enquiry learning but for much simpler reasons.  
He realised that “we’ve got to go back to show the children where their food they eat 
comes from.”[sic] He also said that there were “greater expectations about what children 
should know” but that the curriculum as it was now gave them “very fragmented 
knowledge.” 
 
  In 2007 Oakland school visited on 13th June with 56 children and 7 adults. John said that 
it was a very busy day and most aspects of the day were positive. He was pleased that 
they had visited the Palm House because they had subsequently had a Global Week in 
which the children made “many references … to plants viewed in the Palm House.” 
 
   He was happy with the plant sorting followed by the visit to the order beds but for some 
groups, the children who went from the Princess of Wales Conservatory straight to the 
order beds, were not as well prepared. He was impressed by the way in which Kew 
students, whose gardens the classes visited, were happy to interact with the children.   
 
The reaction to the Kew visit by all of the teachers was much more positive in the second 
year.  They knew what the children would be doing and they had been growing plants in 
the school grounds which meant that there was greater familiarity with the vegetables and 
fruits they would be working with. 
 
     In their interviews the children showed that they knew what they were looking for; the 
similarities and differences between families of plants.  Holly explained to the others at one 
point that “some of the pea plants, some had tendrils and some didn’t” when the others 
asked what tendrils were she said “the curly thinks that help the pea plant climb up.” She 
had retained the knowledge learnt on the day.  
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    One child did not like the disagreements that arose when they had to decide which 
vegetables went in her group’s box.  Discussion was still not practiced sufficiently for 
argumentation to be common place and not provoke anxiety. This child also said that she 
didn’t like working inside and “couldn’t wait to get outside.”  
 
    All the children remembered the families they were collecting and using the mobile 
phones to record them.  They all remembered the fruit they were asked to work with from 
the Palm House and why they were doing the activity: “Learn about how plants grow and 
observe them and learn facts so we could do the play.” By communicating to others in 
their performance they had considered the essential characteristics of the plant. Children 
listening had to recall what they knew sufficiently to recognise the plant described. 
 
 Resource use/teacher satisfaction 
 
   Year 5 had already dealt with healthy eating by the time they started to integrate the 
PSG units.  John said: “The healthy eating …we [had] dealt with [it already] this year, but 
now we have this we can do it from a different angle [next year].”   He also saw the 
possibility of using many of the units where they were appropriate and in the set 
curriculum and also when the school “collapsed the timetable” so that the whole year 
group did one topic: “The year group is going to do this aspect … throw the timetable out 
and we can still do the literacy and so on” e.g. Global week mentioned above.  
 
   The Year 5 teachers had looked at all the units and chosen modules which were useful 
in the lesson they wanted to teach.  John said: “When you look at the range there, you flick 
through the book, you can see other possibilities.” 
 
   A number of references under various headings above show how the resources were 
integrated into the curriculum at Oakland School.  John was enthusiastic and said: “I’m 
seeing more possibilities to broaden subjects.” 
 



        

EU Project: Plant Science Gardens: Plant Science Education for Primary Schools in European Botanic Gardens 

University Innsbruck, A - Institute of Education, London University, UK - MuseoTridentino di Scienze Naturali Trento, I 
University Botanic Gardens Sofia, BU - Royal Botanic Gardens  Kew, UK 

 

 51 

C. Aveton School 
 
C.1. School context 
 
  Aveton is a large rural primary school for the 300 or so children from a village 50 miles 
from Kew. It stands at the top of a hill in sizeable grounds with a mixture of semi-mature 
woodland and playing fields to the south and west side of the school. There are raised 
beds used by the gardening club and there are small garden areas devoted to flower 
growing outside some classrooms.  An avenue of fruit trees has been overgrown by laurel 
and shrubs planted in a past attempt at school grounds development. During the project 
each class was given a new raised bed in which to plant vegetables.  
 
   The head teacher, who had only been in post a year when the PSG project started, was 
fully supportive as were governors. She knew that it would not be easy to integrate the 
project into the curriculum at Aveton in 2005-6 because the school was in a state of 
change after the previous head retired. She wanted the children to take part in the PSG 
project because it was a stimulus both for them and for teachers. It gave an impetus for 
the introduction of working out-of-doors and for children to gain an awareness of the 
importance of science in their every-day lives and surroundings.    
 
  The assistant head, who joined the school in April 2007, was in the process of changing 
the curriculum.  She wanted to introduce more cross-curricular activities instead of discrete 
subjects.  
 
  The school was well equipped for working on the PSG project except that there was no 
colour photocopying facility; colour printing was a possible alternative. Each classroom 
had a whiteboard and the teacher had a laptop to use with it. The children had access to 
computers in a computer suite or outside some classrooms. Digital cameras and 
microscopes that attached to the laptop for display on the whiteboard were available.  
Scientific equipment and a range of craft resources were available and teachers had no 
problem in accessing them.   
 
  The outdoor environment improved when each class was given a raised bed in which to 
plant vegetables.  The teachers involved in the project were growing broad beans carrots 
and spinach.  When planting during the project the children used the school’s stock of 
gardening equipment. The woodland, long grass and shrub borders contained a range of 
plants that could be used to complete the modules in the PSG project. 
 
C.2. Teachers’ involved in the project 
 
  The deputy head, Martin, was the experienced teacher given responsibility for 
implementing the resources but he was unable to attend the initial meeting at Kew; his 
teaching assistant attended instead. He was unable to organise the Kew visit in 2006 
because he was on sick leave and it was not until an assistant head was joined the school 
in April 2007 that the resources were implemented in science lessons in a systematic way. 
 
  Three teachers were involved in the PSG project at Aveton School in 2006 but of these 
the one who organised the Kew visit, Sarah, a newly qualified teacher, left the school in 
July 2006, a second went on maternity leave in the autumn term 2006 and the deputy 
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head was still on sick leave at the beginning of the autumn term. Alice took over one class 
and although a newly qualified teacher she was very competent.     
 
   Shirley was an experienced teacher who took up the new post of assistant head teacher 
in 2007 and took the class of the teacher on maternity leave. Martin continued to work with 
the third class. A part-time teacher, Sally, who covered non-contact time in the school, 
worked on some of the units. 3 classes took part so that all Year 5 children had the same 
opportunities and experiences.  
 
C.3. Dissemination of the project in school 
 
   The PSG project was not discussed by Year 5 teachers before the first Kew visit and the 
teacher who organised the visit left the school in the summer of 2006. The IoE researcher 
discussed the project with Martin in October 2006 and gave him the CD-Rom containing 
the Food Unit and arranged to assist at the broad bean planting in November. The units 
had not been disseminated when she met all 3 teachers working on the project in 
December 2006.  At this meeting they all agreed to plan their work so that the Food Unit 
would be incorporated. It became evident that dissemination of the resources had still not 
taken place when Alice came to the CPD meeting at Kew in March 2007. At this meeting 
Alice was given a CD-Rom of all of the units and the photocopied handbook to take back 
to school.  
 
   Alice took part in the CDP day and disseminated information to her colleagues and 
worked well with the assistant head. Teachers in a year group plan lessons together and 
these teachers chose those modules that fitted into the programme that they had planned 
for the end of the summer term. Although they had been given the handbook in October, 
with the exception of planting beans in November, the teachers did not spread the lessons 
over the year but worked on plant related topics in May, just before the visit to Kew. The 
part time teacher, Sally, mentioned that she was only given one sheet from the 
Experimenting with plants unit she worked on just before her lesson so it appears that 
dissemination, beyond the teachers who planned together, was still an issue. Sally was 
also not aware when she taught the PSG lessons in May 2007 that all the Year 5 children 
has been given scientific notebooks to use in these lessons. 
 
C.4. Meetings and CPD with teachers 
 
   A classroom assistant and a school governor attended the national meeting at Kew.  
Alice attended the CPD in March 2007 at Kew. The IoE researcher met 3 teachers in 
December 2006 and explained the Food unit in outline. The teachers explained that they 
could not introduce the project units until later in the year. They agreed to put the Food 
Units in their planning. They were asked to provide some evidence for evaluation. They 
started out with plenty of ideas of what they could do. The said they would prompt children 
to work in their science notebooks. They said that they would have no problem with 
activities that children took home to do with parents. It was important for them to know that 
there was money to cover supply costs for attending CPD. 
 
   They were introduced to the mobile phone technology that would be used on the Kew 
visit and details of the website to access the results of the visit in 2006. They were also 
given an outline of the unit they would do on the visit to Kew in June 2007. They were 
offered CPD for argumentation but decided to wait until after the Kew CPD to decide 
whether they needed to do so. They did not take up the offer. 
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C.5. Teachers’ involvement in design of units 
 
  None of the teachers at the school had been on the first visit to Kew and so had no real 
idea of what was included in the unit in the botanic garden. Sarah who led the Kew visit 
made useful comments. 
 
  Alice helped to put the units into a school focus when she attended the Kew CPD day in 
March.  She also asked for small changes in wording and emphasis.  When she came to 
teaching the units she did so by fitting them into the programme required by the school 
and included fair trade and healthy eating. 
 
     By the summer term Aveton School was beginning to change the curriculum to broaden 
subjects and to introduce cross curricular activities into each specific topic. Seasonal 
timing of units and their sequence of inclusion were expected to be flexible and F4 in the 
Media Gallery shows that planting is possible at most times of the year. The units have 
cross curricular elements for schools to develop.  
 
C.6. Details about children 
 
 There were on average 12 children in each of 3 classes taking part in the PSG project 
(the classes include Year 6 and Year 5 children so the class size was about 25).  The 
children in Year 5 were of mixed ability. They came from a broad range of social and 
economic circumstances but a large number of pupils came from more affluent 
households.  12 children took part in interviews for the project and on each occasion there 
were 2 high achievers, 2 intermediate achievers and 2 lower achievers, most of these 
children were confident and articulate. 
 
   The teachers involved in the project at Aveton were not familiar with teaching 
argumentation and only the most able children would have done any activities which might 
have a problem solving element.   
 
  Science in the UK is expected to be enquiry based and although the school had not 
visited Kew in the past, children were taken on an annual visit to Wyld Court Rainforest, 
Newbury.  This coincides with the Kew visit in June 2006. Two child interviewed had been 
promised another visit to Kew in the school holidays. 
 
C.7. Activities in school lessons 
 
  In May 2006 the first PSG activity at Aveton School was Module 11 Healthy eating and 
sustainability. Sarah introduced the lesson but had done no preliminary work or research. 
The IoE researcher facilitated some of the lesson and assisted children as necessary. The 
children brought in a recipe they had found and then looked at packaging to discover 
where the vegetables and fruits in the recipe had come from. They measured the 
distances on a map of the world in their atlas to determine how far they had travelled. The 
children engaged fairly well with the lesson but some finished very quickly. One group of 
boys in particular had just 2 vegetables in their recipe and finished long before the majority 
of groups. Many children had difficulty locating the countries from the packaging on their 
maps because map work was taught cyclically and had not been included since Year 3.   
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   The children added the miles together and were surprised by the distance their 
vegetables had travelled.  This activity took the whole 1 hour lesson and there was no time 
to discuss the implications of their choice of food. 
 
Bean planting lesson 
 
   The children planted beans with the IoE researcher in November 2006. Alice and Martin 
said that the children had been interested in the bean growing and had recorded their 
observations. Alice was thought it significant that children were looking at uncertainty. 
They always wanted to know whether they were doing things right and this way of learning 
was new for them.   
 
Module 11 Healthy eating and sustainability 
 
   In May 2007 Alice taught the Food miles unit that had been modified from the one taught 
in May 2006.  She was well prepared, had planned effectively and had given thought to 
the implications of food importation because she taught a fair-trade lesson before this 
lesson.   
 
  For the fair trade lesson the children used the computer suite. They sat with their talk 
partner and discussed what they knew about fair-trade. Alice asked each pair what they 
knew and a wide range of ideas were raised. They defined fair trade before watching a 
short video to see the variety of products that could be traded fairly. Alice reminded them 
that, because there is a Co-op supermarket in the village, they can choose to buy fair 
trade products themselves. They discussed the lives of people who produce fair trade 
products and whether it was an issue for them to care about. The children varied in their 
experiences.  One child had relatives in Zambia who sold tobacco to the UK as a fair trade 
crop.  They decided how much they would spend on a bar of fair trade chocolate and 
explained what made them decide to buy fair-trade products. Alice asked them how they 
would convince adults to buy fair-trade products. One suggested children went on a 
hunger strike and others were more pragmatic – saying they should explain that poor 
people can’t afford to buy food or houses. Alice used resources from Oxfam to show how it 
is encouraging people to buy Café direct tea and coffee.  
 
   Alice introduced the Healthy eating and sustainability module by reminding them of a 
previous lesson in which they had talked about seasonal foods. They listed some 
vegetables and fruits by season. Alice also explained what importing means and gave 
them percentages for various food imports and outlined the reasons why we import and 
asked the children to think of some of the disadvantages of doing so. They raised many 
ideas.   
 
  Alice provided some packaging labelled with their country of origin. The children worked 
in groups of 3 and they took 3 bags to work with and calculate from the map how far they 
had travelled. 
 
  The children worked through the food mile activity and Alice, who had toured the groups, 
was able to tell the children about some of the distances she had seen in the groups. She 
went on to put the case for self sufficiency. The children discussed this proposition. They 
introduced a range of ideas about the cost of home grown food; energy use and how 
people in other countries relied on fair trade with us to provide their living; being forced to 
eat seasonal vegetables. Children were fully engaged and keen to contribute ideas.  
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   At the end of the lesson Alice said that she had been impressed both by the ideas that 
they had raised and the links that they had made with the fair trade lesson earlier. 
 
Module 2 Looking closely at seeds 
 
   Shirley joined the school in January 2007. Her lesson included Module 2 Looking closely 
at seeds from the Food Unit. She had prepared well by soaking 2 batches of seed, one 
had been soaked overnight and one for a few days. Since this was the last day before half 
term the children were excited and somewhat distracted by items they had brought in for a 
picnic that afternoon. It was also unfortunate that, although the school has a microscope 
that attaches to the whiteboard, the CD-Rom from which they run was missing. 
Nevertheless, the majority of children worked well, opened the seed and discovered the 
root and shoot using a magnifying glass.  Shirley admitted that she had spent too long on 
the lesson mostly looking for the CD and working with individual groups. 
 
   After break the children went outside to observe their broad bean and to plant other 
vegetables in their raised beds.  Unfortunately the video was not working well and it was 
impossible to capture the contrast between the lesson indoors and outside. The children 
had been somewhat distracted inside but outside they were all fully engaged in the 3 
activities, weeding, planting and drawing. Some were also given the task of making stakes 
for the plants. 
 
Sally also taught the food miles unit (to Martin’s class) and again added the fair trade 
element.  

“We really spent the whole day doing it, so we had a lot of time on it. We started off 
in the ICT suite where they had time to research fair trade to see what they could find 
out about it first and then came back up and did lots of different activities. They 
designed a poster for fair trade. They did the dinner plate where they had to do the 
source all of their ingredients.” 
 

  They sorted through packaging and found the source of their food and she worked with a 
group at a time on their carbon foot print. They related the miles to how many trees would 
have to be planted to compensate for the pollution. Some found the calculation too difficult 
but they all grasped the concept easily. They went on to make a fair-trade game; in pairs 
they made board games based on fair trade. They then put all the pieces together in a zip 
wallet ready to play with on wet-play days. 
 
She also took children outside to outline the area of plants needed to produce their oxygen 
for a day (Experimenting using plants Unit, Module 5 My own oxygen consumption). Sally 
said that it was quite a fun thing to go out and do but: “I didn’t get them to cut their string to 
measure because I just thought that would take a long time and wouldn’t necessarily be 
accurate so 2 of the Learning Support Assistants (LSAs) cut up the string.” 
 
   She was also not clear about why it had to be a 7 metre length specifically other than 
that enclosed a certain area of grass. She had not taught these children photosynthesis 
and was not sure exactly what they had been taught about photosynthesis. Asked what 
she said about photosynthesis leading up to the activity she said that she did not go into 
much detail about the chemicals involved except that we need oxygen to breathe and that 
trees take in carbon dioxide.  
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  Sally had only been given the single activity sheet to work with. She said that it was quite 
a powerful lesson to do, measuring their area and then join them up together to show their 
constant need for oxygen.   
 
C.8. Children’s learning 
 
Bean planting 
 
  Although they all said they liked going outside to work, despite the rain, the child from 
Martin’s class acknowledged that they “hadn’t really been recording it. We only did it for 5 
weeks.” Learning here was curtailed by the teacher’s lack of commitment or inability to 
motivate the children to make records on their own. For other classes the children had 
harvested the beans. They had been encouraged to think of an experiment they wished to 
do with the beans. They had tasted the difference between cooked and raw beans. All the 
children interviewed though that they would like to grow more and different vegetables and 
some fruits (apples). One entrepreneur thought that they could grow vegetables to sell so 
the lesson stimulated cross curricular not just scientific ideas.  
 
   Alice’s class had started their bean record before the beans emerged so that they could 
think about what was going on under the ground. She said that children had mistaken a 
weed for the bean growth; emphasising the need to visit the plants regularly and to record 
as much as possible – with photographs. She was sending children in pairs – one from 
Year5 and one from Year 6 so that they began to talk about what they are doing.   
 
  She said that children were quite reluctant to write in their scientific notebooks, they had 
no idea what to write. There was no attempt to model its use on the whiteboard or by 
showing a page a scientists e.g. Darwin’s notebook, another child’s or a made up one and 
some time to practice the skill. 
 
Module 11 Healthy eating and sustainability 
 
   Alice (22.05.07) used the fair trade activity to alert children to tropical crops that they 
would see at Kew and to introduce a topic for PSHE.  She made them think about the 
effect their choices of food had on other people. They talked about the guilt feelings 
generated by charities. She was also keen for them all to communicate effectively “You all 
have opinions; you all have things to say.” 
 
Module 2 Looking closely at seeds  
 
   Shirley took the children outside to work on the raised beds and to plant both seeds and 
young plants. She was surprised how many of them said they grew vegetables at home 
already and thought that the work outside could give them more confidence to take 
responsibility.  
 

“ The very poorest one in class has planted up his tomatoes in that pot over there 
and said “Oh my grandma lets me help in the garden at home” so I’m hoping he will 
volunteer to look after the seeds we have planted.” 
 

Sally’s verdict on her healthy eating and sustainability lesson was: 
 “I think they really did enjoy it, because it was all hands-on stuff, it was different from 
the normal sitting down and writing about things because even with the dinner plate 
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they could go and get the empty wrappings …it was just a fun thing to do but they 
had the learning behind it.” 
 

 Asked whether they had used argumentation skills she said: 
“We had them in groups having mini debates and they were really good because 
some of them, even though they believed one thing, could put themselves in the 
position on the other side and argue for something they didn’t actually believe in. 
They understood the concepts.” 

 
C.9. Activities in botanic garden lessons 
 
The activities were similar to those for the other schools. The children knew the name of 
the “unknown” plant immediately.  Many of the children had been in the school gardening 
club and others lived on farms. They were all engaged by the sorting activities and several 
children justified their sorting (VAv07); “these are both roots and they look very similar 
(parsnip and carrot)”. “our potato is in [this] box cos we found out that the plants looked the 
same [in library resource].” ; “we put courgettes, pumpkins and melons in the box as they 
all have the same sort of flowers…we weren’t sure about the gherkin, it looks like a 
courgette but it’s much smaller”.    
 
   They were equally engaged when they went to the order beds. Looking at leaves of 
celery in the order beds …”this is the carrot family; celery must be in the carrot family”. 
 
 Children’s Learning 
 
   The feedback from teachers will always vary. On 15th June 2006 Aveton teachers took 
45 children and 6 adults to Kew. Prior to the visit Sarah had only attempted to use the 
Food miles lesson. Sorting of vegetables into fruit, leaf, root, stem etc was enjoyed by 
children 
 
    After sorting the children “needed a bit more teaching about why they are in the same 
family especially some of the trickier one such as fennel and celeriac (slides or 
photographs of whole plant e.g. parsnip and leaves).” 
 
   Sarah thought it would be useful to try to deduce the definitions of vegetable, fruit, leaf, 
stem, root, seed and the difference between a fruit and a vegetable. She also thought that 
it would be helpful for children to have an opportunity to dissect more e.g. cut up several 
fruits to show that fruits always have seed. She also wanted more input on classification 
into plant families (for teachers as well as pupils). “Why are they classified in this way?”  
 
    Sarah wanted more help from Kew staff when children were outside looking for plant 
families e.g. 1 adult expert per group if possible. Some children were interested in the fact 
that the vegetable beds belonged to students, and wanted to know why they were growing 
them.  This would tie in with the purpose of a botanic garden. She thought too that they 
needed to regroup after the outdoor session to discuss their findings. 
 
   Sarah liked the afternoon session because it was the right length for the attention span 
of the children and the drama session was more successful than she had anticipated. 
 
   In 2007 Alice said: 
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“Because it was such a new experience for a lot of them even though we’re in , 
we’ve got beautiful grounds here  and we’ve got lovely surroundings they’ve never 
seen anything like that before.” 
 

   This was mostly a very able year group and the children were fully engaged throughout 
even those who had special needs were very happy to join in.  The children had been 
grouped randomly as a whole year group rather than in classes.  
 

“They enjoyed that experience and being in a different set of surroundings and with a 
different teacher leading it and having lots of adults around and also having that 
many adults there they knew that they couldn’t just sit back and not join in. 
 

Alice said that the children liked all aspects of science and because the activities were 
hands on and they could pick the vegetables up and cut them open and touch them and 
smell them they really enjoyed it. The class had not grouped vegetables before and this 
was hands on with no writing to do. They enjoyed finding out things, questioning and 
talking about vegetables.  
 
    The children enjoyed the Palm House and “looking at the different kinds of plants that 
they don’t see here and doing the bit of drama or whatever it was, they came up with the 
ideas quite quickly.”  
 
    Of the Kew visit she said:  

“I think with regards to their learning we were happy to go along with the outcomes 
you had for them but as a class teacher I wanted them to work independently and 
to reinforce their questioning skills for their science which was exactly what they 
did.”   
 

   She thought that they grasped the concept of sorting and plant families very well. 
“I think what they found most fascinating, …. and found most surprising, was the 
idea of grouping the vegetables and that they didn’t go into the groups they thought 
and that depending on which criteria you use, the groupings were different. So if 
they looked at a vegetable cut in half if might go into one group but if they went and 
looked at the leaves of the plant it went with a different group.”  
 

   She was surprised at how knowledgeable they were about the different names of 
vegetables.  Asked if she could think of anything that might be improved from and 
education point of view she said 

“I think they did it to be honest because in the vegetable grouping activity they 
were asking the questions, dealing with scientific enquiry, trying to make 
predictions of what groups they went in and then trying to justify those predications, 
and then making conclusions and evaluating them at the end as to whether their 
predictions had been right so they were all the extremely important science skills 
and they were using them.” 
 

Asked if she could complete these activities without the help of Kew staff she said: 
“I think it would be difficult in that we wouldn’t have the classroom space to do the 
grouping activity initially because, by seeing the vegetables on the table first of all 
then seeing the plants, they look very different when they are in the ground and 
when they are on the table… it’s nice to have it all there at the same time and so 
they can do it and go out straight away to see whether they were right or wrong.” 
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   Although happy with the overall experience of the drama activity in the Palm House at 
Kew, Alice was disappointed because there was not enough time to reflect on the learning 
achieved at the end of the session. She suggested using a ‘three stars and a wish’ plenary 
session to encourage the children to write down their thoughts on the day, including 
particular highlights and anything else they would like to investigate further. This 
evaluation process was incorporated into visits for participating schools that came after the 
Aveton school. 
 
     The teacher’s strategy to group high and low achievers in the same group is shown in 
the children’s interviewed after the visit.  They all remembered the vegetable families they 
were investigating, using the mobile phones and the plants they learned about for their 
performance. 
 
  The high achieving pair said: “We were checking if we were right with the things we put in 
the box.” One girl also said that while looking at the courgette: “You were kind of 
experimenting, looking under leaves…looking at the soil, whether it was damp or dry.” She 
had thought quite deeply about their work with plants and had: “more respect for plant 
because some of them can save lives and feed you.”  
 
     The 2 lowest achievers understood that they were “matching plants to see whether they 
were the same.  We cut it to see whether they were the same group.” and went on to say 
“we found some but some of them didn’t look the same colour.” (these were the yellow 
courgettes).   
 
    The middle achiever worked in different groups and one, looking for the basil family, 
could not remember any of the plants in that family. It is worth mentioning that his 
colleague did not recognise that they were engaged in scientific enquiry: “I quite liked 
visiting Kew gardens; it was better than doing work.”  Perhaps this reflects the lack of 
enquiry learning in their usual science curriculum. 
 
 Resource use/ teacher satisfaction 
 
Shirley was asked about the resources.  

“ I think probably, next year, when we start looking at our science and looking at 
plants and how plants grow, and classification and all of that sort of thing, we’re 
going to use a lot more of the resources that we couldn’t use this time because we 
had to make a stand alone thing that we had to make interesting and engaging and 
fit into 4 days.” (After the SATs exams.) 
 

Asked if the Teachers’ notes were easy to read and understand she said: 
“Yes, absolutely, it was all written there for you.  There was a lot of detail in there that 
we didn’t use [but] there was a lot of detail in there for things that we wouldn’t have 
known that we needed in order to teach the lesson.” 
 

   They had added to the materials e.g. Food miles with fair-trade resources from Oxfam 
and had collected packaging from vegetables, which she also intended to use in maths 
lessons. 
 
She was happy with the length of time it took to prepare for a PSG lesson but added: 

 “I think next time we do it what we need to do is to make it cross curricular … 
thinking about getting the maths in there, getting some DT in there, getting more art 
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in there and getting some literacy in there and we didn’t so what we need to do is 
use those resources and to put into a unit of work that is going to last us half a term 
or even a term.” 
 

   She thought that the resources were suitable for all abilities and they left out what they 
didn’t need and put in extra pieces that fitted into their objectives e.g. fair trade. She 
added: 

“We really need to get them thinking about fair trade within this country don’t we – 
farmers markets.” 
 

   The class had mostly been engaged in her lesson on seeds and so it was not surprising 
that when she was asked whether the children engaged easily with materials she said: 

“Yes I do, …I’ve got some boys in here that are difficult to engage but I think we 
needed to do what we did, I think if I had just taken them out to do gardening then 
it wouldn’t have been quite the same.  Doing that bit first [splitting seeds] and 
looking at the seeds they …. were all looking through their magnifying glasses and 
looking at the development of the plant, the root and things.” 
 

   Having resources appropriate to the age group is important.  She said that some in her 
class were very low ability but a good teacher can make the most of the resources: 

“ …they are just as capable as any of the others at looking through a microscope at 
some seeds or reading a label to see where their food has comes from and looking 
at a map.  They may not be able to calculate food miles or think about how much 
carbon dioxide is emitted into the atmosphere because of their food being brought 
here but they can still think about how far [their food has come].” 
 

   Her main regret was that they had not started using the resources earlier: 
“ It was brilliant to be able to fit it in now.  There is a lot of good stuff in there that 
we could have used before.” 
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D. The Green School 
 

D.1. School context 
 

  The school is a mixture of old and new buildings on a compact site near to the Thames 
adjacent to the dense urban developments of Brentford. Approximately 300 pupils from a 
diverse and multicultural urban environment attend the school. The socio-economic profile 
of families is very mixed. Over 50 per cent of pupils are from minority ethnic backgrounds.  
  In its 2004 Ofsted inspection it was noted that pupils’ investigation skills in science were 
not as well developed as other aspects of the subjects. The school recognised that 
science was not as well developed as English or mathematics and included 
encouragement of these skills in its school development plan.  
 
   Relevant to this project was that healthy eating was already established in the science 
curriculum in 2004. Also relevant is that the children The Green visit Kew more regularly 
than other schools in this project because it is within walking distance. 
 
D.2. Teaching resources 
 
   The school was well equipped for working on the PSG project. Each classroom had a 
whiteboard and the teacher had a laptop to use with it. Computers were available for class 
use. There was no colour photocopying facility; colour printing was a possible alternative. 
Digital cameras and microscopes that attached to the laptop and scientific equipment were 
available and teachers had no problem in accessing al range of craft resources.   
 
   Within the school boundaries there was “the secret garden” a small garden which 
included an air raid shelter from the 1940s.  Besides fruit trees and some woodland 
specimens, this area was used by the school gardening club. The teacher’s comment on 
this space was that “they couldn’t have got the depth or breadth” in any study of plants. 
Shrubs and flower beds around the school contained plants that could be used to 
complete the some modules in the PSG project. Since Kew is nearby, the adequacy of the 
grounds is less of an issue than was the case for other schools in this project. 
 
D.3. Teachers’ involved in the project 
 
   The first teacher to lead the project, Hannah, came to the first national meeting and 
organised the Kew visit. Caitlin took on the project because she was a year 5 teachers and 
liaised with the IoE researcher initially.  She was an experienced teacher who organised 
the planting for all 3 classes in the year group in February.   
 
   In March 2007, Fran took responsibility for the project because Caitlin was involved in 
work for Advanced Skills Teacher status and had too little time to devote to the project. 
Because of her lack of experience of the project, only Fran’s class were able to visit Kew 
and take some part in PSG activities from March onwards. 
 
D.4. Dissemination of the project in school 
 
   After the Kew visit Hannah said that “there’s a straight feedback because there are 2 
other teachers in my year group…. we move around in year groups as well.” Teachers in a 
year group plan lessons together. Hannah wanted to set up a gallery of pictures of the 
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Kew day but she left the school in July 2006. Caitlin, who took on the PSG project at The 
Green School was given the Food units CD in October 2006. She was given it again in 
January 2007  
 
   Fran, her colleague took part in the CDP day at Kew in March 2007 but she had not 
seen the CD or been told anything about the project. Although the school had been given 
the handbook in October, with the exception of planting beans in January, the teachers did 
not spread the lessons over the whole year but worked on plant related topics immediately 
before and after the visit to Kew.    
 
D.5. Details about children 
 
   The children involved in 2006 were of mixed ability but those in 2007 were mostly high 
achievers. 
 
D.6. Activities in school lessons 
 
Bean planting 
  The Green school planted their beans in January and the teacher’s commented on what 
the children did in the spring term in an e-mail “They went to look at them a week later but 
nothing had happened. They wrote in their scientific notebooks, nothing has happened, 
there was no thoughts about what might be happening and some children have been 
down a few times since and taken photographs. Yesterday they went to see them and they 
were growing well the children thought “they’re massive” and so they wrote some more 
diary entries and drew some pictures. They will do life cycles in the second half of the 
summer term and will use the resources and the beans as examples then.” In the summer 
term the beans were harvested and children took them home. 
 
Other lessons 
 
  Although other lessons were observed none were from the Food unit despite researchers 
being invited to the school on specific days at specific times and anticipating that the 
lesson would be from the Food unit. 
 
D.7. Children’s learning 
 
  The bean planting offered an opportunity to gauge children’s learning at a later date 
when they were interviewed after the Kew visit in July.  Only 1 high achieving child came 
to the interview and he said that they had been shown a video on plant growth. The class 
had also opened the bean pods to see what was inside but they had not split the bean to 
observe the root and shoot. 
 
   The middle achievers said: “We planted them and then we waited 2 months for them to 
grow.” She went on to say: “We just forgot about them and when we went to do some 
sketching I remembered them.” Her colleague said it was fun going into the garden and 
planting. He explained that he lived in Chiswick and that there are “only trees.”  Another 
child interviewed later had no access to a garden. The children themselves recognised 
that they had limited knowledge and interaction with plants. 
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D.8. Activities in botanic garden lessons 
 
   Again the activity was the same as for the other school visits. The children were 
engaged and there were some good discussion of the vegetables they were sorting. The 
children were also engaged when they visited the order beds and Palm House. 
  Discussion was good within some groups and they shared their ideas. Children were 
happy to use all of their senses in the investigation, feeling, smelling and cutting up 
vegetables for close examination. There was some attempt at scientific language and in 
justifying their sorting choices. 
 
   There was evidence (VG07) of enquiry centred activity on the video recording. 
Discussion was good within some groups and evenly distributed amongst the group 
members. Children were happy to use all of their senses in the investigation, feeling, 
smelling and cutting up vegetables for close examination. There was some attempt at 
scientific language and in justifying their sorting choices. “We’ve put all these together as 
they look as though they have the same shape”; “I don’t think that goes in the (box) 
because it looks different inside”; “I think it’s something to do with the shape of all the 
leaves” (Mint family). These (pumpkins) go with the melons … because they have the 
same sort of seeds in long lines inside, and this fleshy stuff is the same”; “We put the 
potato in here (tomato box) because we saw it had the same flowers as the tomato”. “This 
courgette has a much  bigger flower than the tomato one.” Other children found it more 
difficult to articulate their views clearly because their vocabulary lacked the range of 
descriptive words needed to describe their ideas e.g. “There’s purple fluff stuff”. Children 
asked quite a lot of questions of one another rather than always referring to the 
supervising adults.  
 
 Children’s learning 
 
     Hannah who led the Kew visit in June 2006 said that it was a good way of introducing 
plant science at the start of a topic. Her intended outcomes were “to realise the main 
features of the plant.  Pick out scientific language to describe the plant. Look closely at 
plants.”  She wanted them to be shown a number of plants in a particular family; their 
similarities and differences.  She thought that the children achieved some of her intentions 
because she had listened to some of their conversations and heard the language they 
were using. 
 
   Hannah was pleased that they used mobile phone to record their voices because for 
some children writing restricts their access to science. She thought that recordings made 
them think about what they wanted to say. The worksheets provided were, she thought too 
complex and could confuse some children. However, she thought that the space provided 
at Kew was particularly valuable “…they felt so comfortable in that environment.”  
 
     The brief description of the activities at Kew indicates the children’s engagement during 
the day in June 2007. This visit was important for these children because their interviews 
revealed that had infrequent engagement with plants either at school or at home 
 
   All the children interviewed remembered the plants families they were investigating.  
One child in the least able group interviewed said “put them into families like brassicas or 
tomatoes”; the family names used on the day had become embedded. They recalled the 
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plants they had learnt about in the Palm House.  They remembered too using the mobile 
phones and all their functions.  
 
     One child learnt a not-to-be-repeated lesson; she got chilli juice on her fingers and it 
hurt. With the exception of one child who was somewhat disengaged even in the interview, 
they all knew that they were looking “for characteristics” so that they could put vegetables 
in groups.   
 
    One comment made was “I used to think that they [plants] were just things to look 
pretty, you learn about them and see that they are important for our lifecycle…. and for 
animals.” Another went further “I thought plants didn’t live and were there for no reason.  
Now I know they bring out oxygen so we can breathe.  If there were no plants there’d be 
no people living on Earth right now.”  Raising children’s awareness is essential if science 
is to mean anything in their lives inside and outside school. 
 
     One child said that “before my mum would never let me….chop open a plant and see 
what was inside.” The learning was at a very basic but none the less important level of 
allowing children to experience new skills in science. 
 
     Here children did link art and science but not every two weeks: “we have linked our 
science with art painting. In art we were looking at them in detail with flowers, leaves and 
plants.” 
 

The disengaged child was motivated sufficiently to say that he “didn’t even know 
what Kew was” and that he only like cooked vegetables. He said “I don’t use them [plants]” 
and his colleague gave him examples of plants he was likely to eat and use. 

 
 Resource use/teacher satisfaction 
 
   Fran said “there is some really good stuff in here and if we didn’t have to stick to QCA…” 
and she emphasised this limitation throughout.  She said that she had been unable to 
complete more than a few units and even these not in full because The Green School 
follows the QCA schemes of work.  Because children are examined on the content of the 
QCA schemes of work she and her colleagues were loathe using other resources. She 
“dipped in and out of it [the handbook]” because her colleague had still not given her the 
CD-Rom even at this stage.   
 
   Nevertheless, she thought some of the activities were helpful. She had taken the 
Conservation Unit module 7 on seed germination and used rocket seed to do the tests but 
had no rare seeds to use with them. She had used the ideas from the pea life-cycle but 
because the school had no colour photocopier, she has found her own pictures on the web 
and put them in a file the children could access. They made their own powerpoint 
presentations of the pea life-cycle.  It seems a pity that she wasted time finding resources 
which were available on the CD-Rom in her school. She had also worked with resources 
she already had to complete a lesson on parts of the plant before going on to aspects of 
pollination in Module 6 (Food Unit).   
 
   Fran did not seem to appreciate fully the skills embedded in the Food Unit and repeated 
that the school had to follow the QCA schemes of work. 
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E. Other Schools: 
 
Although not fully engaged with the PSG project, 2 schools were happy to work with the 
resources and comment on them. 
 
E.1. Weston school 
 
Context : Weston school is in a commuter village close to Swindon in Wiltshire.  It is a 
large new primary school in a semi rural location and has large school grounds that are 
being developed. More than 400 children attend the school. 
 
Resources : Because it is a new school, it has a good range of modern technology and is 
well equipped in all other ways. 
 
Teachers’ involved in the project : 13 teachers reviewed the resources by using them 
with their classes in a lesson.  They only reviewed the Food unit resources. 
 
Dissemination of the project in school : Most teachers at Weston school were involved 
but 3 other teachers who took part were from other schools. 
 
Meetings and CPD with teachers : The IoE research knew the deputy head Sarah, from a 
gardening CPD before the PSG project started.  Sarah was keen to make plants a focus 
for the school and to use the extensive school grounds to do so. The IoE researcher 
provided a twilight PSG CPD session for the school and a second session in a botanic 
garden of their choice (Wisley) on a Saturday. The pedagogy at the school was advanced; 
children were already involved in Philosophy for Schools and there were moves towards 
radical curriculum change. 
 
Teachers’ involvement in design of units : these teachers were not involved in the 
design of the units because they joined the project in the spring term of 2007. 
 
Details about children : the children involved in the lesson were of mixed age and ability. 
 
Activities in school lessons : the teachers were left to incorporate the lessons as they 
wished.  None of the lessons were recorded for the project. 
 
Activities in botanic garden lessons : The school was not involved in visits to a botanic 
garden by children. 
 
Resource use/ teacher satisfaction 
 
Module 1 Thinking about edible plants  
3 teachers used this unit.  Teacher 1 gave a short introduction to vegetables and then 
carried out the questionnaire.  The children then discussed the statements and analysed 
their results.  They placed their findings in the Most people/ Some people /Few people 
categories on the sorting sheet. The teacher found this quite a useful activity although 
some of the children had difficulty with the language used. 
Teacher 2 worked with the whole class on this activity. They enjoyed debating the results. 



        

EU Project: Plant Science Gardens: Plant Science Education for Primary Schools in European Botanic Gardens 

University Innsbruck, A - Institute of Education, London University, UK - MuseoTridentino di Scienze Naturali Trento, I 
University Botanic Gardens Sofia, BU - Royal Botanic Gardens  Kew, UK 

 

 66 

Teacher 3 worked with groups of 4 to sort information and collate information.  They 
worked well in groups and enjoyed discussing the different statements. Each group 
presented their information, 
 
Module 3 Profiling a Vegetable 
6 teachers used this unit.  Teacher 1 noted that it was a “super module”. She had adapted 
it to use with Year 1 (5-6 year olds) and she liked the idea of evidence cards. 
Teacher 2 also commented on using evidence cards and “will make some KS1 [Key Stage 
1] appropriate ones” for the sorting exercise. 
Teacher 3 “This modules lends itself really well [to] riddles/literacy.” The children would 
enjoy making a card for an unusual vegetable. Teach 4 concurred. 
Teacher 5 thought it would be a good way to start a unit on argument and persuading.  He 
thought it would encourage children to based arguments on evidence. 
Teacher 6 saw that it was a module that could be linked with science work that they 
already teach. 
 
Module 4 Plant life cycles 
5 teachers reviewed this unit.  Teacher 1 really liked the resources and thought that 
introducing I learned today was useful for children to think about their learning and for 
teacher assessment. 
Teacher 2 liked using the Life cycle calendar and simplified it for KS1. She used dance to 
represent life cycles. 
Teacher 3 though the module a “good variation on a theme”. She changed the terminology 
for Year 2 (6-7 year olds) “but a useful resource nonetheless”. 
Teacher 4, also Yr 2, agreed. 
Teacher 5 thought he would use this activity in literacy when doing the plants science 
topic.  
 
Module 7 Bee Enquiry 
One teacher attempted this module but it was early spring and so there were practical 
issues about observing bees. The “graphs are good for data handling – drawing 
conclusions.” 
 
Module 9 Parts of a plant and their functions  
7 teachers worked with this module.  Teacher 1 worked on plant parts but the function 
element was inappropriate for KS1. Justifying and reasoning were helpful for speaking and 
listening. 
Teacher 2 liked the plant puzzle for Yr1 and could be adapted to “build a plant” and label 
its parts correctly. 
Teacher 3 said that only minor adjustments in terminology were needed with Yr2 when 
using this module.  She was going to find a picture of a root vegetable and mix the 2 
pictures up to make the children think more. 
Teacher 4 agreed with the simplification of terminology for Yr2 but thought the idea was 
fun. 
Teacher 5 split the reproduction element of the plant parts into smaller chunks of 
information. 
Teacher 6 also wanted more differentiation so that the plant labels could be used at 
different conceptual and reading levels.  
Teacher 7 thought that it was “too straight forward for year 6” although it could be used in 
a quick revision exercise as a whiteboard activity. 
 



        

EU Project: Plant Science Gardens: Plant Science Education for Primary Schools in European Botanic Gardens 

University Innsbruck, A - Institute of Education, London University, UK - MuseoTridentino di Scienze Naturali Trento, I 
University Botanic Gardens Sofia, BU - Royal Botanic Gardens  Kew, UK 

 

 67 

Module 10 Identifying fruits and vegetables from evidence 
5 teachers worked with this module. Teacher 1 liked the hands-on element but used it with 
Year 1 with fewer sorting criteria. 
Teacher 2 thought it was a good concluding activity for a growing plants module in Year 1. 
Teachers 3 and 4 saw this as a practical activity that might help develop the scientific skills 
needed in Sc1 assessment. 
Teacher 5 noted that apart from the science content this activity was good for “life skills” 
taught in Year 6 (10-11 year olds). He thought it also had “lots of opportunities for art from 
observation.” 
 
Module 11  Healthy eating and sustainability 
1 teacher attempted this module. She said that it “fitted well with our healthy eating work 
and the vegetable investigation was interesting for the children.” 
 
Module 12  Activities in a Botanic Garden - Scientists sort plants into ‘families’ 
Only 1 teacher looked at this module. She noted that she already did sorting of fruit and 
vegetables at school. She said that the afternoon activity could be done at school 
[presumably the drama related to tropical food crops not the glasshouse visit!] 
 
E.2. Clerewood School 
 
School context 
   Clerewood is a school near to Kew. The teacher undertook two activities, one in class 
working on the pea life cycle mystery on the 18th June 2007, and a second on the bee 
visits activity 6A on 2nd July 2007.  For the first activity, Justin had set up the whiteboard 
with the activity and discussed the process of how to work the mystery with the children. 
He was very keen to do the activities as “science is often only given 1 hour a week 
here…there is so much of the curriculum to fit in, and lots of extra activities like music and 
languages. We rarely get to do any free ranging and experimental or enquiry based 
activities”. The children were put into mixed ability groups to work.  
 
Children’s learning 
   The levels of discussion were very good, many children showing natural discussion and 
argumentation skills. One child however, who had some very good observations was 
ignored for some time by his group of boys. Only later, when the group had come to a 
sticking point in trying to solve their mystery, did they start to listen to their colleague as 
they had overlooked the right evidence that would help them with their solution. It was a 
particularly useful learning point for many of the group to recognise the importance of 
‘listening’ to all observations and trying out a range of solutions.  
 
   The class made presentations to justify their evidence for their conclusions to the work. 
Justin then asked them to write a letter to a gardening magazine about the life cycle of 
peas. This additional activity helped round off the mystery and gave pupils an opportunity 
to reflect on their findings as homework. Both Justin and the class enjoyed the activity 
immensely and Justin was surprised at how well the children had understood and 
interacted with the material. He added that he could see these resources being integrated 
into their next planning year and that it had both engaged the children and given them 
opportunities to think critically.  
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   For activity 6A, the children noted the weather conditions, time of day and length of time 
of their observation.  The made a table on which they had 3 columns. Their headings 
were: 
Number of times bee visits 
flower 

Type of flower How many of this type of 
flower does the bee visit 

Examples of the work the children completed see page 111.  
 
Children’s learning 
 
   The teacher was happy with the work the children did and the children provided some 
evidence that they had engaged in the activity and observed bees. Comments such as 
“Tracking bees is very hard and bees generally only stay on the flower for a few seconds” 
indicated that they had watched bees working. The same child had spent 55 minutes 
doing so; indicating perseverance and patience both of which are valuable skills for 
scientists to learn. 
 
   The children also provided good answers to the questions in module 6. They worked 
through the mathematical questions and knew that flowers are seasonal. One idea for 
marking bees was ingenious “put powder on the flower, the bee would get white and you 
could recognise it.” All children drew a rudimentary design for the bee garden (See page 
114).  Learning how to apply knowledge to real-world situations is important and children 
need practice and time to consider; here the nature of a real garden.  
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5.1.4. Other finings  
 

5.1.4.1. Analysis of Pupil Questionnaire  
 
Completed by 4 schools (Arail, Oakland, Aveton and The Green) at the end of the project: 
 
Pupil attitude data have been used frequently in research concerning school effectiveness 
and improvement (Osborne & Collins 2001), and to examine various aspects of 
educational processes, culture and ethos. Pupils’ views and attitudes are of course 
influenced by their education and the activities in which they have engaged whilst at 
school (Thomas et al 2000). Particularly important to the PlaSciGardens (PSG) project are 
children’s attitudes to practical science (Braund & Driver 2005) because one of the 
underlying principles of the project was enquiry learning and hands-on activities which, for 
some pupils, were new ways of working and learning science. 
A pupils’ questionnaire that reviewed children’s attitudes was administered at the end of 
the PSG project in the four schools collaborating on resource development in the UK.  The 
outcomes raised various issues and the implications are relevant both to the resources 
produced and could also form a base line for of future research. 

 
Methodology 
 
Questionnaire development 
The children in the four schools collaborating on the PSG project were of mixed ability.  It 
was important to ask simple questions and to make the means of responding as easy as 
possible. Children have some experience of responding to “smiley faces” and they offer a 
visual prompt. One open question was included at the end to gather longer answers in the 
children’s own words.  A copy of the questionnaire is included below. 

 
Results 
 
The questions were coded so that each section of each question was given a number for 
the possible choices; in each case 1,2,3. Question 1 had 8 sub questions a-h and 
Question 2 had 4 sub questions i-l with question 3 having 8 sub questions m-t. For each 
school the results for each question and for all children responding were added together.  
The outcomes were recoded and charts produced to show percentage of responses to 
options 1,2,3 and no response, were drawn.  Percentage pie charts were chosen because 
they reduce the obvious difference in number of children in each school completing the 
questionnaire. Comparison between the 4 schools is possible because of the colour 
combinations make percentages apparent. 
The resulting 80data charts were produced and are set out below.  

 
Discussion 
 
The first 8 sub-questions were included to extract some indication of how the children like 
to work in their science lesson; whether they like lessons out-of-doors, using worksheets, 
listening to their teacher, explaining their ideas, group work and argumentation either 
spoken or written. Their answers also have reflected the pedagogy they have 
encountered. Children can only respond when they have experienced the activities being 
explored.  
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Q1a. At least 62% of all of the children liked working outside in Science lessons.  In only 2 
schools (less than 7%) were there children who did not like going outside in science 
lessons. 

Q1b. Using worksheets in lessons was far less clear cut. 37% of children at Oakland school 
recorded disliking using worksheets in science but the general reaction from children was 
that they are “OK”.  Children do not have much choice regarding how teachers choose to 
teach them; implied is that teachers should consider continual use of worksheets in 
science. Preferences expressed are relevant to the pedagogy expected in the PSG Food 
unit which avoided use of worksheets where possible. 

Q1c. I don’t like listening to my teachers explanations is implied by only a small percentage of 
children in each school. The majority like or tolerate it (it’s OK). Again children have no 
influence over how they are taught and come to accept what the teacher provides, as the 
norm.  If there is mostly teacher centred explanation, children are not being asked to think 
for themselves and so being asked to do so is abnormal and difficult.  

Q1d provides evidence that, although children like listening to a teacher’s explanation, up to a 
quarter liked thinking of their own explanations. Almost three-quarters of children at 2 of 
the schools working with the project did not like thinking of their own explanations which, if 
enquiry learning is to become more prominent in science lessons, children will need to use 
resources that will help them to think for themselves. 

Q1e. Group work is common in UK primary schools and almost three quarters of all of the 
children questioned liked working in groups in science lessons. Those children who are 
ambivalent, and the small percentage that dislike it, must be considered when teachers 
create groups and endeavour to integrate them. 

Q1f. Broadly half of children either like to or think that arguing with others is OK in science but 
this leave almost 50% of all children who do not like arguing with peers.  Much depends on 
whether children have experience of what it means to argue in science lessons.  They will 
certainly need more practice if the large number of children who expressed aversion to 
arguing in science lessons are to change their attitude and work more like scientists.  

Q1g. The data in this question implies that despite the aversion to arguing for the majority of the 
children, they do like saying what they think. The issue is whether they are prepared to 
listen to others and are able to justify their ideas or clarify them. There are also a small 
number of children who do not want to speak out and teachers will need to draw these 
children into expressing their ideas if they are to work like scientists and engage in enquiry 
learning. 

Q1h. Writing what they think has much less appeal although there is general acceptance that it 
is Ok. Between 10% and 30% of children responding do not like writing what they think.  
Different methods for recording science ideas or outcomes were provided during the PSG 
project in the UK e.g. mobile phone technology, and could become more common in 
schools if teachers are prepared to embrace them.  
These next 4 questions are important in that they test children’s responses to working with 
others, co-constructing knowledge, collaborating in making decisions and problem solving.    

Q2i. Very few children do not agree with others when they work in groups; a response which is 
at odds with the video evidence.  Agreeing sometimes is perhaps more realistic and the 
majority chose this option.  The willingness to agree with others is indicated at different 
levels; for two schools it is about one third for the other two it is about 15-20%. Children 
will need practice in putting their point view if they are to develop their thinking. 

Q2j. The majority are disinclined to tell others that “all their ideas are rubbish”.   
Q2k. A similar percentage is prepared to explain why they disagree.   
Q2l. With one exception, children are happy not to keep their ideas to themselves.  A third of 

children making the response that they keep their ideas to themselves, with a larger 



        

EU Project: Plant Science Gardens: Plant Science Education for Primary Schools in European Botanic Gardens 

University Innsbruck, A - Institute of Education, London University, UK - MuseoTridentino di Scienze Naturali Trento, I 
University Botanic Gardens Sofia, BU - Royal Botanic Gardens  Kew, UK 

 

 71 

percentage answering that they do not like to explain their ideas implies that they have not 
engaged in argumentation in science lessons in Year 5. 
The last set of questions was specific to plants and working with them in a scientific 
context. The questions raise issues about how children can become interested in plants 
and realise their importance. 

Q3m. Asked whether the PSG project made them more interested in plants, there was 
polarisation. In one schools almost half of the children said no but only 4% said no in 
another school.  In all schools a third or more children said that they had become more 
interested in plants.  This is an area for more research. 

Q3n. Although half the children in one school said that they had not become more interested in 
plants, it was this school that had a higher percentage of children read about plants. 
Access to reading material about plants may be an issue. In the school where fewer 
children read about plants, the library had few books that dealt with the topics in the PSG 
lessons so access to plant related books/the internet at home becomes an issue. 

Q3o. At least three-quarters of the children in all schools said that they were more inclined to 
discuss plants because they had worked inside and outside in lessons. Children in the UK 
would have learned about plants earlier in their school career and to interest them in 
plants again can be difficult.  Presenting new ways of working with plants by making them 
the centre of discussion could be one way of doing so.   

Q3p. In three schools a relatively small percentage of children did not find that indoor and 
outside activities with plants helped them to weigh up evidence. The range of positive 
answers from 20% to 70% implies more deep seated issues regarding how the children 
worked with plants.  For example, the consistency in recording life-cycles varied for each 
school. 

Q3q.  More than 50% of all children in each school thought that working in this way had helped 
them to learn facts. Working in an out-of-doors learning environment was the underlying 
rationale for the PSG project and relied on teachers acknowledging the importance of a 
hands-on element and observation in plant science.  Continuing the botanic garden ethos 
in school was important. 

Q3r. A large percentage of children thought that indoor and outdoor experiences when learning 
about plants helped them to develop their own ideas.  

Q3s. A similarly large percentage thought that this way of working had helped them to really 
listen to other people. It is important to consider this question with the next. 

Q3t. A large percentage of children thought that they were more able to think about other 
people’s points of view.  There is correspondence with questions Q1g which implies that 
children are prepared to listen to others and have the potential to work like scientists and 
engage in enquiry learning. 

 
The open questions showed some interesting reactions.  In answer to the question Why 
do you think you have been working inside and outside as you learn about plants in 
science? there were many that started with al pragmatic comment e.g. “there are more 
plants outside than inside.” Thoughtful additions included scientific language e.g. mention 
of evidence, lifecycles, sensory experiences, environment and habitats: 
“See evidence of plant life-cycles”,  
“You can see how plants adapt to different conditions and habitats.” 
“To have experience with plants and identify them in different ways.”  
“Because then I can find different types of evidence in different places like in the sun or in 
the shade”,  
“Feel and smell them in their environment.” 
“Outside is an ever changing environment.” 
“To see growing conditions.” 



        

EU Project: Plant Science Gardens: Plant Science Education for Primary Schools in European Botanic Gardens 

University Innsbruck, A - Institute of Education, London University, UK - MuseoTridentino di Scienze Naturali Trento, I 
University Botanic Gardens Sofia, BU - Royal Botanic Gardens  Kew, UK 

 

 72 

They compared the ways in which they were expected to learn inside and outside: 
“Outside you can see what’s happening and inside you can learn with books.” (others 
mention only being able to use laptops and the internet inside) 
“We work inside to know what to do outside.  We work outside to gain experience.” 
“We go outside so we can actually see the plants; we stay inside so we can look at 
pictures and do worksheets.” 
“To understand what our teacher is talking to us about, how the plant life-cycle works.” 
“So we can see them in pictures and do stuff inside and we can see them for real outside.” 
“It gives you more educational ideas than just sitting in one place learning without no 
examples.” [sic] 
“Because you can see what happens instead of looking at a board.” 
They express how working with plants outside helps their learning: 
“..if I inside and I can’t see the plant I can’t explain well.” [sic] 
“To help our ideas.” 
“You can see and work better outside” 
“If you don’t see plants actually growing you don’t know how they grow.” 
They also notice the “fun” element: 

“To make science fun.” 
“So we get fresh air and don’t get bored.” 
“When we work outside it makes us more creative and you actually get to see the plant.” 
“It’s fun and we will learn more.” 
“Because going outside is a treat so if we always went outside it wouldn’t be a treat.  So we 

spend most time inside and there are a lot of sciency things outside.” 
Some mentioned the weather and noise (one school is under the flight path to Heathrow!) 
“Inside you can see them in all weathers because of books.” 
It is good to work outside so you can see the real plants and investigate them easier but it is 

also good to work inside because then you can concentrate on working in your book rather 
[than] having noise outside.” 

There is only one child who seems not to have noticed that the class has been outside: 
“We haven’t” 
At the other end of the spectrum one child summed up the whole experience: 
“So we can have actual experience with plants.  To have a bit of fun which will get us more 

interested in the subject.  If we see plants we will understand better. 
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Pupils’ questionnaire 
  

Name of School          
Country         DATE   
Name Age  

 
 
Topic title  
 

1.  Circle a face in each sentence to show what you lik e to do in science lessons .  
���� I don’t like it   ���� It’s OK   ☺☺☺☺ I like it  
    
a Work outside in science lessons   ����  ����  ☺☺☺☺ 

b Use worksheets in science lessons   ����  ����  ☺☺☺☺ 

c Listen to my teacher’s explanations  ����  ����  ☺☺☺☺ 

d Having to think of my own explanations  ����  ����  ☺☺☺☺ 

e Group work      ����  ����  ☺☺☺☺ 

f Having to argue with others    ����  ����  ☺☺☺☺ 

gSaying what I think     ����  ����  ☺☺☺☺ 

hWriting what I think     ����  ����  ☺☺☺☺ 

 
2.  Circle a face in each sentence to show how you work  in a group.   

���� No  ���� sometimes  ☺☺☺☺ Yes 
 

i Agree with what other people say    ����  ����  ☺☺☺☺ 

j Tell them all their ideas are rubbish   ����  ����  ☺☺☺☺ 

k Explain why I don’t agree    ����  ����  ☺☺☺☺ 

l Keep my ideas to myself    ����  ����  ☺☺☺☺ 

 
3. Circle the face for each sentence to show how yo u think working inside and outside 
helps you to learn about plants in science. Does it  make you: 

���� No  ���� sometimes  ☺☺☺☺ Yes 
 
m More interested in the plants    ����  ����  ☺☺☺☺ 
 
 n Read about the plants    ����  ����  ☺☺☺☺ 
 
o Discuss plants     ����  ����  ☺☺☺☺ 
 
p Weigh up evidence     ����  ����  ☺☺☺☺ 
 
q Learn facts       ����  ����  ☺☺☺☺ 
 
r Develop your own ideas    ����  ����  ☺☺☺☺ 
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s Really listen to other people   ���� ���� ☺☺☺☺ 
 
t Think about other people’s points of view  ����  ����  ☺☺☺☺ 
 
 
4. Why you think you have been working inside and outside as you learn about plants in 
science? 
 
 
 
 
 
 
 
 
 
 
 
Thank you for telling us about your ideas 
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5.1.4.2. Science notebook use in all schools engage d in the PSG project. 
 
The contributions to the science notebooks were categorised as follows  
 
• Number of books returned to the researcher 
• Whether the items included are dated 
• Evidence of measurement/scale (Key - mmt) 
• Evidence of a representation/diagram drawn by the child (Key - diag) 
• Evidence of a written question – writing questions may be guided by the teacher but 

individual questions are in the child’s own words. 
• Evidence of an exercise(s) that can show progress in a child’s thinking 
• Evidence of use on their visit to Kew (Key – Kew) 
• Evidence of a misconception 
• Evidence of scientific method being used 
 

 
 The Green School: science notebooks 
were used by only one class. Very little 
was written in any of them (1 page on 
average). The contributions were 
mostly factual and to explain 
something that caught a child’s 
imagination e.g. holly is placed on the 
soil “so the mouse don’t eat it.”[sic] 
One child that used the book at Kew 
shows a misconception based on the 
scale of the photographs used in the 

vegetable library “The flower of the tomato is similar to the pumpkin and chilli.” The fact 
that only 2 books include a date implies that the children were not guided in what they 
wrote. There was no evidence that the books were integrated into a PSG science lesson. 
Because the teacher involved with the project only knew that she was responsible for 
project liaison in March 2007, it would seem that it was the lack of communication which 
hampered use of the science notebook. 

 
Aveton School: Science notebooks were 
returned by 3 teachers. 5 from one 
teacher contained nothing but the other 3 
books contained just 2 questions e.g. 
Why are carrots orange?” and Why do 
carrots grow underground?” from one 
child. There is no evidence of the 
children trying to find an answer and 
there was no attempt to integrate the 
books into a PSG science lesson. 
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The other 2 teachers provided opportunities for the science notebook to be used once 
and 3 children took their book to Kew.  They used them to make notes for their drama at 

the end of the visit. Although these 
teachers took the children outside to see 
the beans they had planted as they grew 
they provided no opportunity for children to 
record or reflect on this activity. 
 
The results from these two schools show a 
lack of understanding about the use of the 
science notebook, even when it was 
mentioned in the Teaching Sequence and 
Teachers’ Notes of some food modules.  
Two teachers at this school joined the 

project in the second year and dissemination to them from the lead teacher was an issue. 
 

Oakland school: the notebooks were used by 3 classes and were mostly used by 2 
children to record activities and information guided by the teacher. Most contributions 
were dated which implies a degree of teacher guidance. Some were diagrams completed 
in a circle (to indicates a hand lens) provided by the teacher.  Some descriptions of plants 
imply teacher discussion and a series of ideas drawn from the class e.g. the leaf of the 
broad bean “feels rubbery” or “it feels rubbery” occurs frequently. The children included 
measurement although not necessarily scale e.g. some even drew a finger next to their 
drawing of a bean plant to indicate scale. There is an attempt by most children to write in 
a “scientific style” e.g. bean plant 29.03.07 drawing of plant at 4cm. Recording the 
changes in each of the dated diagrams e.g. 8.05.07 bean diagram with note of it being 
14cm and having 27 leaves and 13 flowers.   
 
There were definite difference in the records of the 3 teachers but teacher direction is 
perceptible especially where exercises were marked.  There is no attempt in the science 
notebook to show progression in learning and the marking only suggests colouring 
drawings.   
 
Ruled notebooks we chosen by the researcher and not one with plain pages.  The 
teachers provided small pieces of plain paper for the children’s drawings and these were 
stuck in.  Observation was one aim of the project but not to the exclusion of written 
observations, generating questions and personal observations. 
 
The same can be said for the use of notebooks by Arial Junior School   
 

Only 1 book was returned unused. Most 
of the entries were teacher directed.  
Each included “how do we record our 
evidence” although some children added 
more ideas than others. They all made 
predications. The diagrams were all of 
the same things e.g. planting a bean. 
There was some variation when the 
children made a mind map. They all said 
what they knew about the bean when 
they plant it and later they said what they 
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knew about the life cycle of the bean so there was some evidence available for formative 
assessment. The reason there are more misconceptions recorded for this school is that 
many children wrote on at least 7 pages with 6 children completing 13 pages. 

The teachers saw science notebooks as a novel way of working and so their attitudes to 
children’s questions and ability to reflect affected their use.  Further research will be needed 
into how children can record their questions and reflections in science and in particular how a 
science notebook can be incorporated into lessons.  A degree of autonomy is implied and 
teacher’s reaction to independent thinking and self directed learning is an issue that requires 
more research. 

5.1.4.3. Mobile phones: 

Evaluation of the use of mobile phone technology as  a recording tool and indicating 
children’s reaction to enquiry centred science both  indoors and out-of-doors at Kew. 

Background 
 
     There is a growing awareness that children need to see examples of species rich 
environments to compare with environments that are significantly degraded.  However, Binns 
et al (2004) argue that a lack of a considered and reflective commentary on botanic garden 
education has reduced their visibility. Initiatives in the UK, like the Manifesto for Education 
Outside the Classroom (House of Commons Education and Skills committee, 2005) is 
expecting integration of outdoor education into the curriculum. Children may then be able to 
link observation made in botanic gardens with lessons indoors (Barker, Slingsby & Tilling, 
2003).  
 
     Equally important are the active debates about curriculum, processes of critical reasoning 
and argument in school science (Driver, Leach, Millar, & Scott, 1996; Driver, Newton, & 
Osborne, 2000; Millar & Osborne, 1998). Because science education has always been more 
concerned with children’ understanding of scientific concepts, adopting additional aim, of 
working outside the science classroom, will be challenging.  
 
     A consequence of concept driven science was shown in the initial PSG project 
questionnaires which revealed a lack of confidence to teach plant related topics. Outdoor 
experiences are infrequent across the 4 partner countries for similar reasons; shortage of 
time, limited resources out-of-doors, lack of assistance to manage large groups outside. 
Harlen (1999) found that under such circumstances teachers only teach the minimum 
requirement.  
 
     Teachers will need to develop new pedagogies and adopt different practices in plant 
science to include outdoor experience. Teaching activities and strategies for richer plant 
science will need to link these challenges and aims. Learning goals must expand outwards 
from conceptual understanding to encompass improved reasoning skills which, with 
enhanced social skills, will enable co-construction of knowledge from observed evidence out 
of doors (Johnson, 2004). Only through such changes in practice can learning change 
(Hargreaves, 1994). 
 
    Mobile phones provide a means of linking indoor and outdoor contexts with the potential to 
encourage children to observe and collect data.  They were introduced into the Kew Gardens 
activities because use of such technology has been approved for teaching the UK national 
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curriculum and provide a valuable teaching tool.  The skills learnt at a basic level are 
observing and collecting, with progression to investigation and collection of evidence.  
 
     Further reasons for using mobile phone technology were firstly, to support children as 
they engaged with plants; they were not hindered by carrying worksheets or a clip board. 
Secondly, the data collected on the mobile phone was sent to a website 
(http://www.ookl.org.uk).  Back at school the contributions could be viewed, moved to 
presentation areas on the site or items could be downloaded and saved to their PC. Thirdly, 
contributions are placed automatically in a linear 'gallery' which provides a learner-
constructed sets of data for researchers to interrogate and analyse children’s patterns of use. 
Fourthly, mobile phones provided more ways of collecting data than would be open to 
children normally; camera, sound recording, texting, call up of information in a store for the 
site.  They learned how to use the different functions very quickly because their generation is 
fully conversant with mobile phones. 
 
     The first task set for each group was the same; to sort a mixture of vegetables indoors 
into a labelled box. Labels for individual boxes were pea family, tomato family, cabbage 
family, carrot family, mint family or cucumber family.  
 
     The second task was for the children to compare these vegetables with those growing in 
the garden.  They were observing the characteristics of plant families and deciding whether 
the initial grouping they had made was appropriate or whether they had included members of 
more than one family in their box. They collected data in the classroom and in the vegetable 
plots at Kew and at any time they could reflect in their learning. 
 
Methods and Sample 2006 
 
     Nokia mobile phones adapted not to allow/accept calls were issued to groups of children.  
Each group had a code number and password for added security. The phone functions were 
explained and the children were told that two letter codes were displayed in the garden to call 
up items in a central store.  Items “collected” were also sent to the website for children to 
access when they returned to school. 
 
   All 4 schools engaged in the project brought Year 5 children (9-10 year old) with 30 to 50 
children per school. Children were organised in groups of 5 and each group was asked to 
collaborate so that every child had an opportunity to use the phone during the day. They 
used the phone as they wished and in June 2006 schools contributed a minimum of 90 and a 
maximum of 279 items.  
 
      The 4 teachers who led the school groups were interviewed within days of the visit and a 
sample of children were interviewed in each school six months after the visit to test their 
learning and how memorable the experience had been.  
 
2006 results  
 
     The four school classes collectively uploaded more than 700 individual items. The 
collected items for each group were plotted chronologically in a spreadsheet and classified 
by media type and whether task-related or not.   
 
     Many pictures were taken – of other children, of vegetables, of other plants encountered 
and sometimes of information panels. Photos generally fell into four categories: those taken 
to record information for retrieval later; those taken to capture experiences of the day; those 
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taken for use in constructing narratives; and miscellaneous – including tests of the camera 
and pure play. One teacher said she appreciated the ability to take photos because she 
would not have been able to provide enough digital cameras for the children. 
 
     Called up information about plants in each of the taxonomic families (carrots, tomatoes, 
mint, etc.) could be downloaded. Children and teachers liked this function particularly 
because both had limited knowledge of the plants.  
 
Outcomes from the pilot study 
 
     The aim was to assess qualitatively how data was captured and used. Generally, children 
found the technology easy to use and did so thoughtfully. Kew educators were concern that 
the technology might interfere with observation but in fact, it was agreed afterward that this 
was not the case (Walker 2006).  A limited number of phones was available, consequently 
group work became important and the children shared the group’s phone.  The most relevant 
data uploaded in this pilot study came from individual children adding items in a self 
structured collaboration as the whole group collected items relevant to its plant family. 
 

Teachers were happy with the sound recording function because children could input 
information easily which was especially helpful for those who had difficulty writing. Children 
used audio in different ways – sometimes individually recording their observations, 
sometimes conducting interviews with each other.  

 
Since each audio clip lasted only 15 seconds, different solutions were used to make the 

most of the limited time. Some (especially girls) scripted and rehearsed their recordings, 
while others (especially boys) simply pressed record and if they didn't like the result, 
discarded it and started again. Audio recordings had to be played back before uploading 
which made it easier for them to decide whether to keep it or re-record. 

 
Walker (2006) suggest that research in cognitive psychology shows that audio recording 

is a more effective approach to collecting information about an object being observed than 
creating text.  Here audio recording aided constructivist learning since, without verbalisation 
and conversation children cannot begin to clarify their thinking and develop argumentation 
skills. 

 
Overall, children preferred taking photographs, there were fewer comments or reflections 

recorded and all groups opened one or more of the items in the store. Few groups added text 
messages.  Of all the items collected, several were 'off-task' but the majority were relevant. 

 
     A sequence of activities was evident from the contributions.  However, few questions 
were generated and there was little reflection in sound recordings on the tasks or the plants 
observed.  Instead many comments were at a simple level e.g. on the smell and texture of 
plants.  Some recordings were of children reading facts from interpretation boards or 
repeating what a teacher had told them. 
 
     Teachers’ feedback was positive on the whole and all said that the children enjoyed using 
the mobile phone technology. The advantage of this particular technology was that 
recordings went to a website and were available after the visit to edit onto new contexts e.g. 
presentations on food plant. However, none of the teachers worked on the website after the 
Kew visit.   
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     Data from this pilot study provided useful information regarding how to use the mobile 
phones with the children in an outdoor context. In 2007, the children were told that they 
would be using the phones and were shown one prior to the visit so to prepare them for this 
way of working on the day.  
 
     Since Walker (2006) had found in his trials that mobile phone use was most effective 
when framed with structured tasks with a narrow focus, group work was again important  

 
The trial also allowed a better focus to be developed for analysing contributions from the 

June 2007 visits. For each group the items collected were analysed to explore: 
 
• the proportion of contributions relating to the task set 
• indication of a sequences of activities 
• whether any children generated their own questions 
• whether recordings were reflective or factual 

 
Method and Sample 2007 
 
     The mobile phones had the same functions in 2007 but the screen was bigger on the new 
handsets.  The 4 schools brought their Year 5 group (9-10 year olds) who were of course a 
different cohort from those of 2006. The sample again varied; 2 schools brought 30 children, 
one brought 45 and a fourth brought 56 children. 20 children from this larger group had no 
lesson on sorting the vegetables indoors but visited the order beds or observed cacti in turns 
in the first session. 
 
     Each group was given a user name and login on a sticky label so that they could get back 
into the system themselves if it crashed; a frustration recognised in the pilot. 
 
Results 2007 
 
     For each group the proportion of contributions related to the task, was analysed.  Less 
than 10% of all of the contributions made were of general views.  Images of this nature were 
mostly taken at lunchtime. A higher proportion was of plants in general of which most were 
either flowers or trees. Since the children congregated before or after sessions, waiting for 
other groups to arrive, there was time for children to take “contextual” photographs.  
 
     There was a marked increase, compared with 2006, in the number of contributions made 
on task when the children cut up vegetables indoors.  A small number were unusable 
because children put the camera too close to the object.  Children at Arial schools took vastly 
more photographs of this activity than did groups from other schools.   
 
     All groups added both images and audio contributions when out of doors and very few 
were off task. Fewer images were unusable largely because the children could not get as 
close to plants in the garden. The only exceptions were when they tried to photograph 
insects on plants; these were invariably blurred. 
 
    Texts were not particularly popular by comparison with sound recording or using the 
camera. The texts were used to link the sequence of activities. Some were made in 
anticipation of use in the classroom e.g. the spelling of Solanaceae or texting as the teacher 
talked e.g. Bananas have no seeds in them. Misconceptions could be identified in the texts 
too e.g. “The root vegetables go with the carrot family” (other root vegetables e.g. beetroot 
and radish were provided and they are not in the carrot family). 
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     Texts offered an opportunity to reflect. “This is fun” and “I think it is going well” were 
contributed by groups from The Green School. From Aveton there were more task focused 
reflections “The steam comes down and creates the plants environment”[sic] and “Did you 
know that tomatoes are green and turn red” [sic] 
 
     Sound recordings were popular despite the 15 second time limit and children managed to 
complete quite complex statements. They contributed individually or in pairs and chose 
different styles of presentation. There was no evidence that the children rehearsed their 
recordings or wrote a script in this cohort. There were also more recordings than in 2006.  

 
Discussion 
 
     Questions which arose from this activity were: 
 
• Were children generating their own questions in any of the recordings? 
• Do the recordings relate to the photographs - is there a sequence? 
• Are these reflective recordings or records of fact? 
• Were the children engaged in learning constructively 
• Were children generating their own questions in any of the recordings? 
 
     In the recordings children did generate some questions which were task orientated. One 
girl interviewing a boy asked “What are the CDs for?” The reply was “I think it’s to scare the 
birds off.” (O.Kew24.8)  
 
     Learning in a sequence is also evident for one group. They had doubts about the items 
they had included in their box indoors and attempted to compare them with the vegetable 
plants outdoors. They collected images of both courgette and tomato plants and took very 
blurred pictures of tomato and courgette flowers. They compared green tomato fruits with the 
red one they had in their box.  They collected information from the Kew store on the tomato 
and the cucumber family (of which courgette is a member). The conclude that: “The flowers 
are very similar to the courgette flower but much, much, … the courgette flower is absolutely 
huge.” (G.Kew14.18). Later they recorded: “We have decided to take out the 
squash/pumpkin because the scale of the flower and the look of the flower.” (G.Kew14.25). 
The confusion probably arose because the library pictures used in the indoor session had no 
scale reference and so the children thought that because both the tomato and courgette 
flowers were yellow there must be a connection. By following the sequence, the children’s 
implicit question and their line of reasoning to answer it became apparent. 

 
• Do the recordings relate to the photographs - is there a sequence? 
 

The previous example showed a sequence of contributions and many of the audio 
contributions confirm sequential working: “We have finally found these with pods on.” 
(O.Kew24.15). This recording follows images of pea plants and pea flowers.  

The majority of the groups followed a self defined sequence to find examples of their 
vegetable family. Pictures from the glasshouse show the trails they followed when guided by 
the Kew teacher. 
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• Are these reflective recordings or records of fact? 
 

Both reflections and facts were recorded in the contributions. For example, after a 
number of images of cabbages and collecting the cabbage information from the Kew store, a 
child’s text explained: “There are light green leaves for cabbage and there are dark green 
leaves for cabbage at Kew as well.” (Av. Kew3.18). Another text indicated a reaction to the 
scent of marigolds and explains why they are grown amongst the vegetables: “Marigolds 
smell awful so if you plant marigolds next to carrots it will keep carrot flies away.” 

 
Some children make predictions in their texts: “We’ve found some courgettes with flowers 

in.  The courgette is still growing so it might turn into a big one.” Others put the knowledge 
gained into a question: “Did you know that sugar you put on your cornflakes has probably 
come from grass.” (A. Kew43.32).  It sounds as though he imitated the way the teacher had 
told the children about sugar cane.  

 
Two children take part in some of recordings: “Child 1: We found out that vegetables 

come in different families some vegetables like Child 2: carrot, aubergine, potatoes.” 
(A.Kew43.15). 

 
     Some children used a familiar style when reporting facts: “Tomatoes are very juicy and 
are not a vegetable, they are actually a fruit.  So if you see a tomato, tell your friends or your 
mum it’s a f[ruit].”(recording ended G.Kew14.22). 
 
   Contributions can be ambiguous (text) “Flowers can come in bunches” But because of the 
context; it is followed by a sound recording “Leaves can come in different forms” there is a 
connection with plant form. 
   
• Were the children engaged in learning constructively 
 
     The mobile phone was a tool that aided engagement as children observed and then 
recorded their observations in a number of ways. They produced a sequence of items that 
were invariably independent of the teacher. Without labouring the task, teachers sent 
children out into a specific area which prompted them to record what they themselves 
thought was relevant to that task e.g. Children recorded this fact (from a teacher) that they 
decided was important (sound) “Some insects can pollinate flowers such as beetles, 
ladybirds and metallic beetles, not just bees.” 
 
    They were self motivated and willing to share their experiences, reflect on the task e.g. 
(text) “the mint family has pairs of leaves” and, in some instances, they also justified the 
content they had recorded e.g. after photographs (text) “not all pea plants have tendrils”. 
They worked like scientists because they were investigating and collecting evidence e.g. 
(text) “We put chilli in because it’s related to the tamoto” [sic]. 
 
     The teachers structured the tasks and guided children to specific sites and in doing so 
they influenced what children experienced and ultimately, created. Depending on the adult 
leader of the group, the children were given help to think about what they were doing but the 
assistance varied from group to group. Children were seen on the day and in some of the 
images, working alone or in pairs and making their own decisions.  
      
     In their interviews after the Kew visit all of the children recalled using the phones and the 
majority recalled all of the functions (a minority added a video function). One groups said: 
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“Yeh, they were a good way to record all your information.  You could take pictures and 
record voices instead of just writing things.”  
 
     One girl explained how she had used her phone: “I took pictures of a bean and what it 
looked like inside when we opened them and I think it was a squash and a melon, and we 
took pictures to show they were similar and we did it with the courgette and cucumber and it 
was good to see what was inside.”  Prompting recall is significant for children’s learning. 
 
    Teachers were also positive about their children’s use of the technology.  One said that 
she thought the mobile technology “fantastic” because it made the children feel “really 
special”; trusted to use them. In the past she had found boys particular frustrated because 
“they can’t find the right words because they can’t always have access to the English 
language that perhaps other children who are native speakers do.”  The phones allowed 
them to show what they could do.  
 
     Another teacher thought that writing was usually an issue. She was pleased that they 
used mobile phones to record their voices because for some children writing restricts their 
access to science.  She thought that recordings made them think about what they wanted to 
say.  The worksheets provided were, she thought too complex and could confuse some 
children. 
 
     “Mobiles were really good to get them interested” was the verdict of one teacher who was 
also surprised when she looked at their galleries that: “They didn’t take pictures of 
themselves.” She was pleased that they had all really concentrated on the plants.   
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Charts of mobile phone analysis  
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4. Food plants outdoors 
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5. Use of sound recordings 
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7. Number of items called up from the Kew store of information 
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8. Number of images taken of glasshouse plants in general 
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10. Images taken of performances, people, insects, birds 
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11. Unusable because the image was blurred, finger partially over the lens, image 
missing or incomplete text i.e. 2 letters. 
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5.1.5. Examples for Lesson-Planning:  
 
Planning at Arial Junior School for the spring term  to include PSG units. 
Kew Gardens Plascigardens Project 

 
Key:   
 AT1 skills in black              Year 5, Spring Ter m 1 
 Key questions in red  
 Practical Activities in green 
 
Learning 
Objectives  

Teaching Activities Key words Resources  

 
Lessons 1 & 
2:  
I understand 
that to stay 
‘healthy’ 
humans need 
a balanced 
diet and need 
to eat lots of 
vegetables in 
particular. 
 

I can 
investigate 
where 

 
Big Picture:  
These units relate to plants as food. Pupils will use vegetables to investigate a range of topics, which, 
through multiple task activities will encourage them to engage with plants and develop key skills.  
Lesson Plans 
1. Growing plants 
2. Identifying edible plants and plant profiling 
3. Plant life cycles – planting broad beans on 12 Feb 
4. Pollination  
5. Parts of a plant and their functions 
6. Identifying fruits and vegetables from evidence 
7. Botanic Garden visit (scientists sort plants into families) – Kew Gardens 
8. Healthy eating and sustainability 
 
Key Skills: 
Scientific skills - observation, classification, dissection, recording and use of scientific language 

 
Environment  
import 
export 
distance 
names of 
countries 
 

-Scientist 
notebooks 
x 30 
-Coloured 
pencils 
-Quiz x 30 
-Veggie 
sandwich 
sheet (1 
each, done 
as HW) 
-Food 
labels (2-3 
each) 
-card x 7 
-World 
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vegetables 
are generally 
grown, with 
particular 
reference to 
Europe. 

 
 
 
 
 

Social skills - group, paired and individual work 
Argumentation skills- questioning, reasoning, discussing, challenging and justifying 
Horticultural skills: the vegetables investigated can be easily grown in the school grounds.  
 
Scientist notebooks: 
-own notebook to record ideas, observations, explanations, feelings, what you have learnt during the 
lessons etc. 
 
 
Activity 1:  
In scientist notebooks (SN) chn create mind map on Healthy Eating topic.  They should use different 
colours to represent different ideas.  Create a class mind map and save.  
Q.  What does balanced diet mean?  What should a balanced diet include?  Why is eating a balanced 
diet important for our health? 
Q.  Why are vegetables important?  Which types of veggies should we include in our diet?  How many 
veggies can you name? (make list on IWB, save for future lesson) 
Q.  Do you have a balanced diet?  How do you know? 
Chn to complete healthy eating quiz.  Feedback result to the class and record in SN. 
Q.  What are some top tips for eating a balanced diet?  (share as a class) 
Chn to write 3 top tips that they can follow for the next few weeks.  They should be recording 
evidence, observations and feelings about following these tips in their SN. 
  
Activity 2:  
Each group of 4 look at veggie sandwich sheets completed at home.  Discuss ingredients using mind 
map as a prompt. 
Q.  Whose veggie sandwich is the healthiest?  How do you know? 
Each group puts forward its favoured veggie sandwich with their justifications and whole class votes 
for the winner. 
Q.  How did you make your decision?  What knowledge of a balanced diet did you use? 
 
 

map x 7 
-Rulers 
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Activity 3:   
Using the vegetable labels brought in by pupils, chn look what country they come from and create a 
key for sorting them (i.e.  UK, rest of Europe, Africa etc).   They should use this key to glue labels onto 
a poster. 
Q.  How did you choose to categorise the foods?  Why?  What have you observed? 
Q.  Why are there vegetables from different countries?  How far do you think these vegetables have 
come? 
Introduce concept of “food miles” and discuss how sustainable each is in terms of the distance it has 
been transported.   
Introduce Food Miles game:  
-Chn draw a two column table in their SN. 
-Groups look for the country from which each of the vegetables came and record their findings in 
scientist’s notebook in one of two columns in a table. 
-Pupils use the scale on the map to calculate how far the vegetable has travelled from the country in 
which it was grown to their plate. Use the centre of the country if it is large (e.g. South Africa). 
Example: Carrots may travel 100miles from a UK farm to a local shop, or 2000+ miles from a farm to 
the same shop if they are imported from Israel in the winter). Pupils record the distances in the 
second column. 
Q.  Which vegetable has travelled the farthest?  Which vegetable has travelled the least? 
Q.  How does “food miles” affect the environment? 
Chn to record their ideas in their SN.  If time, watch “Store Wars” (http://www.storewars.org/flash/) and 
discuss organic vegetables. 
 
Plenary:  
Complete in SN: 
3 stars (things they learned) and a wish (a target) 
A list of key vocabulary learned during the activities. 
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Potential topics and activities for plant science 
 
Oakland planning to include the PSG units 
 

Topic Curriculum Links Content Activity 
Where do 
seeds come 
from? 

KS1: Sc1;Sc2 (3) 
recognition of plant parts 
KS2:SC2(3)Reproduction 
in green plants 
(4) Variation and 
classification 
Schemes of work; Unit1B: 
Growing Plants 

Flowers: 
• Flower parts 
• Flower shapes 
• Pollination 
• Flower types (wind/ 

insect/bird/moth pollinated) 

Pollination game : 
Make a paper flower:  
Making cards from flower dissection 
Flower felt model – Kew classroom 

 KS1:Sc1;(3b) Recognise 
plant types 
KS1:Sc1;(4b) Recognition 
of groups of living things 
KS2:Sc1;((3d) Plant 
reproduction,  
(5d,e) Feeding 
relationships and the food 
chain 

Fruit: Difference between fruit and 
vegetables 

Topic days in the classroom 
Examining fruit – microscope work 
Tasting fruit 
 

 KS1:Sc1;(3c) Recognise 
plant types 
KS1:Sc1;(4b) Recognition 
of groups of living things 
KS2:Sc1;((3d) Plant 
reproduction,  
 

Seeds: 
• Range of size, shape 
• Types of dispersal 
• Adaptations 

Growing banana seeds – What’s in a seed?  
What is in a seed expt.1+2 
Need for seed? 
Seeds fruits and dispersal  
What are seeds? 
Seeds and survival 
Seeds dispersal investigation 
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Topic Curriculum Links Content Activity 
 
Seeds (looking for seeds in fruits) 
Scattering seeds 
What do seeds look like?  Microscope work 
Parachute Test  
Seed Dispersal – sock walk 
Collecting seeds – stratifying berries 

Natural (in the wild) and artificial:  How are new 
plants grown 
from old 
plants? 

KS1: Sc2;3(a) + (c) 
Needs of plants, seeds 
grow into flowering plants 
Unit 1B3: Watching plants 
grow 
KS2:Sc1;1+2 ideas and 
investigative skills 
KS2: Sc2; 3(a) Effect of 
environment on plant 
growth 
 

Pet plant 
Sowing seeds: 
• Sowing seeds in containers 
• Sowing seeds directly into the 

ground 
• Breaking dormancy (get seeds 

to germinate that don’t want to) 
• What is needed for 

germination 
Pricking and thinning out 

Growing a pet plant recording and monitoring the 
growth e.g. Sempervivum offsets  
Germination 
Seed experiments. What seeds need to make them to 
germinate, Growing seeds: 
Investigation into what environmental conditions are 
required for germination  
Giant radish or sunflower competition 
 

 KS1: Sc2;3(a) + (c) 
Needs of plants, seeds 
grow into flowering plants 
Unit 1B3: Watching plants 
grow 
KS2:Sc1;1+2 ideas and 
investigative skills 
KS2: Sc2; 3(a) Effect of 
environment on plant 
growth 
 

Cuttings: Stem and leaf Growing cuttings in water  
Putting prunings in the ground 
Creating mini humidity tents 
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Topic Curriculum Links Content Activity 
 KS1: Sc2;3(a) + (c) 

Needs of plants, seeds 
grow into flowering plants 
Unit 1B3: Watching plants 
grow 
 

Division: 
• Bulbs, corms, rhizomes and 

tubers 
• Clumps 
Also 
• Offsets/runners 
• Layering 
(budding and grafting) 

Lifting daffodil bulbs in the gardens – May/June look at 
bulbils formed and bulb structure 
Cut open an onion and/or show shallots 
Plant shallots,  spring onions etc Planting potatoes 
Growing potatoes in a tyre tower or a bucket in school 
Growing sweet potatoes as an indoor plant 
Splitting clumps of perennial November 
Creeping grass rhizomes  

What are the 
main plant 
structures? 

KS1:Sc2(3b) 
KS2:Sc2(3c) 
 

Stems: 
• Young 
• Woody  

 

Plant structure and function cut and paste activity 
sheet 
Mounting and labelling a weed. 
Looking at a plant’s transport system: 
Transport in stems 
Tree age via trunk diameter measurement 

 KS1: SC2 (3b) 
KS2:SC2 (3b) 

Leaves 
 

(potential in Autumn – colour change and Spring – bud 
burst) 
Making a leaf section: 
Cut and paste exercise 
Plant leaf variation: 
Investigation into a range of stem types and leaf 
arrangement 
Leaf rubbings 
Colour –in leaf variation and structure 

 KS1: SC2 (3b) 
KS2: SC2 (3c) 
 

Roots • Comparison of root and shoot volume 
• Comparison of fibrous and tap roots 
• Looking at root hairs on radish seedlings 

  Buds Establish differences between floral and vegetative 
buds on deciduous trees 
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Topic Curriculum Links Content Activity 
Look carefully at terminal and lateral buds…….. 

How can that 
plant grow 
there? 

KS1:SC2 (5a+b) 
Living things in their 
environment 
KS2:SC1 (a-m) 
Investigative skills 
Use of ICT 
SC2 (4a-c) Variation and 
classification 
(5a-c) Living things in their 
environment 
 

Adaptations of leaves, roots and 
stems to different environments 
relating to the countries where 
they are found: 
• Cacti 
• Succulents 
• Conifers 
• Carnivorous plants 
• Epiphytes 
• Climbers 
• Ferns 
• Tropical 
• Subtropical 
• Temperate 

Where do plants live? Investigate in the school 
grounds and in a botanic garden. 
 

What type of 
plant is that? 

KS1:SC2; (4b) Grouping 
plants with similarities and 
differences. 
5(a-b) Looking at 
similarities and differences 
between plants and their 
environment. 
 

Getting to know different plant 
types around the garden: 
• Annuals 
• Perennials 
• Trees 
• Shrubs 
• Evergreen 
• Deciduous 
• Woody 
• Herbaceous 
• Monocotyledon 
• Dicotyledon 

Identifying wild herbaceous flowers  
Plants that do and do not produce seeds  
I-Spy Green plants  
Observable features of wild flowers  
Wild flower Recording sheet  
Identifying woody trees and shrubs  
Plant classification activity sheets  
Trees shrubs and herbs (range of plants in a habitat)  
Tree survey (getting to know a tree)  
• Tree trail 
• Portrait of a tree 
• Trees of the world 
• Plant tracking 
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Topic Curriculum Links Content Activity 
• Plant hunting 
• Plant classification 
Identification of woodland trees 
Classifying plants – Using keys  

How do plants 
work? 

KS2:SC!;(1-2) Ideas and 
evidence, Investigative 
skills 
KS2:SC2;(1a,b) Life 
processes 
(3b) The role of the leaf in 
producing new material 
 

Photosynthesis: 
• Raw materials and where they 

come from 
• Where it happens in the plant 
• When it happens 
• Importance to the food chain 
 

Plant nutrition investigation 
Photosynthesis activity sheet  
Investigations into factors affecting photosynthesis 
 

 KS2:SC!;(1-2) Ideas and 
evidence, Investigative 
skills 
KS2:SC2;(1a,b) Life 
processes 
  

Respiration: 
• Raw materials and where they 
come from 
• Where it happens in the plant 
• When it happens 
• How plants use that energy 

Comparison of energy released from dead and alive 
germinating seeds 
 

 KS2:SC!;(1-2) Ideas and 
evidence, Investigative 
skills 
KS2:SC2;(1a,b) Life 
processes 
 

Transpiration: 
• Why plants need water 
• How plants get water 
• Why plants lose water 
• How plants control water loss 

Transpiration from leaf surfaces  
Adaptations for life on land – Leaves  
 

What do 
plants grow 
in? 

Earth Science Soil: 
• Texture and structure 
• Properties (porosity etc.) 

Hydroponics 

 Argumentation Other growing media: Concept cartoon 
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Topic Curriculum Links Content Activity 
• Different types and what they 

are used for 
How can 
media better 
be made to 
grow plants 
better? 

Decision making Composting: 
• How to do it 
• Why we do it 
• Worms in the classroom 

Fertilisers and other additions 
(lime etc) 

Soils and worms - jar of worms experiment (Wiggly 
Wigglers)  Wormery,  
Make a compost heap 
Compostable materials game  
Hydroponics 

How can you 
plan and draw 
a garden 
design? 

Maths – shape 
measurement 

Getting the hang of size and 
shape 

Maths – measurement of garden + volumes of raised 
beds 

What is the 
best way to 
plan a 
growing area?  

PSHE and Citizenship 
Environmental education 
Research skills 
Decision making - What to 
do when 

• Planning a simple garden for 
Summer and Winter 

Timetabling gardening activities 
for the whole year 
Best plants to use for Summer 
and Winter and when to plant 
them 

Making a garden for a specific reason (see below) 
 

Gardens – 
potential uses 

Research skills 
History 
Early years 
Earth Science 
PSHE – spiritual 
Citizenship 

• Herb 
• Sensory  
• Rock garden 
• Secluded gardens 
• Gardens which encourage 

wildlife 

Research plant combinations 

Sustainability 
and 
Conservation 

Sustainability 
Citizenship 
Decision making 

Pest and disease control 
• Inorganic 
• Organic  

Research into organic methods 
Ethics – debate and role play 
Experiments with peat alternatives 
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Topic Curriculum Links Content Activity 
Argumentation Soil and Composting 

• Peat alternatives in growing 
mixes 

Creating wildlife spaces 
• Planting for wildlife 
Sharing plants 

 
 
 
 
 
Enterprise – selling plants 

Designing 
and managing 
a glasshouse 
environment 

Maths, DT - materials • Drawing design 
• Suitable materials 
• Designing a managed 

environment: beds, benching, 
propagation structures, 
ventilation, irrigation. 
Maintaining plants in a 
managed environment: pest, 
disease and pollination 
considerations, temperature, 
light etc. 

Experiments on the different properties of glass, 
polypropylene, plastics. 
Indoor plants (if glasshouse is not available) 

Horticulture 
Which is the best tool to use? Summary of basic garden tools and their uses 
Health and Safety  Essential at all times 
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5.1.6. Example of a lesson: 
 

Arial Junior School lesson on healthy eating (Janua ry 2007) 
 

Learning Intention: I can identify vegetables and why it is important to eat them as 
part of a healthy diet. 

 I can investigate where vegetables are grown. 
 

1) Imagine you are creating a delicious, healthy veggie sandwich for a snack. Which 
vegetables would you put inside? Choose 5 and draw them. Then, explain why this 
vegetable is good for your health (you may need a book or the internet!). An 
example has been done for you. 

 
Draw your vegetable 

 
 

lettuce 

Draw your vegetable Draw your vegetable 

Why is this vegetable good 
for you? 
-green, leafy vegetable 
-aids digestion 
-reduces risk of heart 
disease 
 

Why is this vegetable 
good for you? 

Why is this vegetable 
good for you? 

 
Draw your vegetable Draw your vegetable 

 
 
 

Draw your vegetable 

Why is this vegetable 
good for you? 

Why is this vegetable 
good for you? 

Why is this vegetable 
good for you? 
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2) Look at the packaging of 6 vegetables in your fridge.  There will be a label  on the 

top.  Which countries  do your vegetables come from? 
3)  
 __________________  _________________ 
 

__________________   _________________ 
 
__________________  _________________ 

 
3) Why have some vegetables been imported from outside the UK?   
 
 
 
 
 
Choose 2-3 labels and bring them into school.   We will be using them to play 
the “Food Miles” game 2). 
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5.1.7. Examples for pupils work: 
 

Clerewood school: Bee visits to flowers Module 6A 
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Arial Junior School:  Example of science notebook  from Anlanksh 
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Oakland School Example of science notebook :  
Kaylynn’s bean plant drawings 2½ months 
apart
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5.1.8. Evaluation reports 20.02.2007 and 30.09.07 b y an external evaluator 
 
 

PLASCIGARDENS : Plant sci ence gardens  
 

Plant Science Education for Primary Schools in Euro pean Botanic Gardens 
 

Evaluator: Dr Carolyn Boulter, Institute of Educati on, University of London 
 
 

Evaluation of the whole project 
 
The goals of this project are admirable and could produce much needed resources: 

• To promote young people’s interest in plant science through enquiry-centred 
materials for use in primary schools. 

• The use of primary school teachers in developing the materials so that they  really 
match the needs of the primary school curriculum 

• To recognise the potential hazards to health and safety 
• To include some experiments that can be done at home with caregivers as well as 

with teachers 
• To include some materials that underline the nature of science and how scientists 

work 
• To suggest ways of organising children to enable small group discussion and 

argumentation 
• To suggest possible means of formative assessment so that understandings and 

skills develop and progression is evident. 
  
Behind these goals lie some fundamental understandings about teaching and learning 
plant science at primary level: These might include: 
 

• That children come to science topics with their own understandings that are not 
inert but interact with what ever they are taught and that the most effective 
learning occurs when these existing understandings are drawn out and addressed 
in a structured sequence of teaching. 

• That some ideas are particularly difficult and carry a diverse set of meanings for 
primary aged children, especially “food” and “energy”. 

• That progression in understandings in science includes moving from everyday 
language to the precise use of scientific language, from the description of things 
and events to explanations, from unstructured exploration to systematic 
investigation of questions. 

• That young children relate to individual plants and enjoy direct contact with them 
as individual living things. They can understand at a simple level that there are 
different sorts of plants and that they live together with other organisms. 
Theoretical ideas about ecosystems functioning and molecular behaviour are 
difficult for primary pupils to grasp. 

A crucial issue for this material is to make the underpinnings of the project explicit and to 
agree them between the participants. 
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Each country has its own curriculum and the degree of freedom, allowed to teachers to adapt 
what they teach, will vary from country to country. In England and Wales the National 
Curriculum lays down a series of expectations of each year group expressed as a set of 
levels for content (including plants as organisms and variation and classification) and 
teachers follow programmes of study that allocate the  topics to be taught. A similar set of 
levels applies to the process of scientific enquiry. In England and Wales teachers are unlikely 
to use material that does not fit this framework. 
A crucial question to be asked of this material by each participating country is: 
How does this fit with our own curricular demands? 
How will our teachers fit it into their existing curricula? 
 
There is a lot of research on children’s understandings of plant structure, behaviour and 
functions in the ecosystem. It would seem useful to have some of this vital work integrated 
into this resource.  
I would suggest that Martin Braund “Primary Plants: A Handbook for teaching plant science 
in primary school” is used as a resource. You could lift the sections summarising research in 
each section with his permission. 

 
The primary stage is six years long and during that time children’s understanding should 
progress. 
Although a set of developmental levels is given for argumentation there is no indication of 
how the team sees the progression of understandings about plants nor the progression in 
pupils’ skills in scientific enquiry. It is not clear which age/stage each unit is intended for. 
“Progression in primary science” Martin Hollins and Virginia Whitby is a useful guide for 
British teachers on this topic of progression. 
 
There are four units written by four different countries: 
How plants live(ecology/photosynthesis), Plants in art, Food, and Conservation. 
It is not clear what a resource which covered all that would be useful for pupils at primary 
stage would include about plants and why these particular topics have been selected for the 
resource units. 
The units seem very different and unrelated to each other. Teachers would need some 
guidance on how to select an appropriate unit for their class. 
 

Evaluation of the individual units 
 
How plants live? (Ecology and photosynthesis) 
This unit is almost entirely focused on photosynthesis. This unit should certainly not come 
first as it is not present in the curriculum for England and Wales for primary children and is 
considered to be a high level concept.  
 
Research shows that children have a number of alternative understandings of 
photosynthesis and most do not see it as a process, nor understand the energy transfers 
involved nor believe that the transparent gas carbon dioxide can be used to produce an 
increase in weight in the plant even after teaching at secondary level.  80% of 13 year olds in 
one study thought plants used heat from the sun as energy for photosynthesis. Before 
photosynthesis can be successfully understood there are a number of building block 
concepts such as “food” and “energy” that need to be in place as well as a scientific 
understanding of what chlorophyll is, how gases behave (diffusion, dissolving) and how 
oxygen is used up in burning. 



        

EU Project: Plant Science Gardens: Plant Science Education for Primary Schools in European Botanic Gardens 

University Innsbruck, A - Institute of Education, London University, UK - MuseoTridentino di Scienze Naturali Trento, I 
University Botanic Gardens Sofia, BU - Royal Botanic Gardens  Kew, UK  

 

 119 

The writers should carefully consider what concepts must be in place for this process to be 
understood and how they might teach for this progression. 
 
The basic biochemistry of photosynthesis needs to be consistent and clear in the teachers 
notes for instance on page 34 it suggests that the black particles (carbon dioxide) are 
transformed into the red particles (oxygen) In fact I believe the oxygen in photosynthesis 
comes entirely from the water. On page 39 it suggests that starch makes the plant strong. 
The cellulose in plants strengthens stems and is made from starch by linking the molecules 
into chains.  
The background biochemistry for teachers should be fuller and should be checked by a 
biochemist 
 
There is no mention of respiration in plants and the effect of the two processes interacting in 
the day and at night. 
At least for teachers this should be made clear. 
 
Page 46 KOH is corrosive 
All experiments should be safety checked where pupils are expected to have direct contact 
with chemicals 
 
Priestley’s experiment will raise ethical issues about experiments with animals.  
Does the team want to raise these issues here? 
 
Page 27 /45 Stomata are exciting for pupils to see and nail varnish can be used to get good 
imprints of the undersides of leaves. Onion epidermis and daffodil epidermis peeled off and 
mounted in water to see actual stomata can be used to discuss and argue about how 
stomata work and perhaps a model could be built using balloons. 
 
Page 46. To get across the idea of leaf skeletons of veins you could make a “leaf viewer” - 
two squares of cardboard with a window cut in each. Sandwich a thin leaf between and hold 
to the light. Patterns of veins characteristic of that leaf show up. Pupils can memorise their 
leaf and describe and recognise it when passed around. 
In summary I would suggest that this is not appropriate for primary pupils as a topic 
presented in this way and more direct observation of leaves to see how they arranged 
themselves to catch by the ways they grow from stems and move in response to light and 
how some plants climb to reach light, and how they are structured internally would be more 
appropriate and would start to build understandings of plants as living whole organisms that 
respond to their environment. 
 
Plants in Art. 
 
The aim of this unit is “to look at the scientific knowledge behind the materials used” 
I think it would help for the scientific content of each activity to be more focused for teachers 
and pupils. I suggest that each module should consider and make quite clear  what 
knowledge of plants children will be able to develop from the activity, what scientific enquiry 
skills and what aesthetic skills. 
 
The unit contains a lot of opportunity for observation , recording and classifying but very little 
about questioning and getting evidence which could be included. 
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There are opportunities missed for looking at how real scientists work eg on the herbarium 
activity some photos of scientifically collected herbarium plates perhaps from Darwin or 
Hooker or from a scientist working in each country could be discussed. 
 
Lots of opportunities for children to work with real plants are provided by this module which is 
great and its fun too. I like the way they will build up an understanding of what plants are 
used for (paper, dyes, food and decoration and ritual). However I feel that there isn’t enough 
use made of the opportunities for children to learn about what a leaf, stem, and root is. 
I suggest that the teachers notes in this module need to provide more information about the 
botanical nature of leaves and petioles and how they attach to stems, on why trees drop 
leaves in autumn (possibly even a bit about why seasons happen). Teachers are not very 
experienced with plants and need more support to enable them to teach these units really 
effectively. 
 
Paper is a great topic and children love making it. Maybe you could encourage looking at 
household papers from the different rooms page 59 with a lens (a useful skill and not easy) 
to see that paper uses plant fibres that must be made of something strong (cellulose). How 
strong is each paper? 
 
Page 60. There is quite a lot of mention of fruits and vegetables as being different. In 
everyday usage these words have a different meaning from in science. 
Perhaps the project teachers should discuss some definitions of these terms and give 
guidance to teachers. 
 
Page 62 on seeds is also fun but perhaps there could be more concrete suggestions for how 
to make things from say melon seeds (necklaces). Could they make a bird feeding block? A 
man with grass seed for hair? Again it would be interesting and informative to know what 
children think is inside seeds and what happens when they grow. Research shows a very 
diverse set of alternative notions about seeds and growth. 
 
Page 77. Red cabbage water changes colour with acidity and is great fun and safe and 
would be an opportunity for questioning and experimenting with what made it change. 
 
In summary this is fun and nicely structured but needs little more scientific focus for teachers 
and pupils and clarification of botanical parts of plants. 
 
Food 
 
This module uses “vegetables” to investigate a range of topics to do with food. It has a very 
rich set of activities for promoting discussion and argumentation and the layout is very helpful 
with the key words, time and materials in a separate column. 
Could this layout be adopted throughout? 
 
The activity following bees is similar to the previous unit 
Should links like this be made obvious in the text? 
 
I feel that the distinction between fruit and vegetable is still rather obscure. 
According to the dictionary a vegetable is a plant or part of it used as food for human beings. 
A fruit contains seeds or is the seed bearing part of the plant. So some vegetables are fruits 
e.g. a marrow, they are not separate sets. 
Do teachers perhaps need a brief piece on how fruits develop? 
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And a Venn diagram of fruits and vegetables  likely to be used 
 
In summary this is a rich unit well set out which needs some clarification on vegetables and 
fruits. 
 
Conservation 
 
This module aims to show how plants are endangered and to encourage plant conservation. 
A variety of activities allow discussion and engagement with plants. 
The starter activity for herbarium is very suitable and could be cross referenced to the 
previous module. 
 
The unit on extinction could provide an opportunity for some activity on how science works 
using a historical or current scenario on plant conservation. 
 
This unit is coherent and clear and provides diverse and useful materials for this age group. 
 
20.02.07 CJB 



        

EU Project: Plant Science Gardens: Plant Science Education for Primary Schools in European Botanic Gardens 

University Innsbruck, A - Institute of Education, London University, UK - MuseoTridentino di Scienze Naturali Trento, I 
University Botanic Gardens Sofia, BU - Royal Botanic Gardens  Kew, UK  

 

 122 

 
Evaluation of revised materials September 2007 

 
Plant Science Education for Primary Schools in Euro pean Botanic Gardens 

 
Evaluator: Dr Carolyn Boulter, Institute of Educati on, University of London 

 
 
The Plascigardens materials provide generally interesting activity materials for teachers to 
use with primary age pupils including some that are designed for use in Botanic Gardens. 
The important aim is to support children working like scientists and to develop their scientific 
thinking through hands-on activity and working together. The printed resources are backed 
up by an extensive website. The materials will help teachers to focus on the importance of 
plants as vital in maintaining the balance of life on earth.  This includes keeping the 
sustainable levels of oxygen, and carbon dioxide, providing food and the many materials 
which we use in our culture, in art, music and literature. Much of this material is innovative 
and inspirational and represents an important European collaboration of curriculum 
developers. 
 
In the original report in February 2007 some general issues were raised about the materials. 
The original points are in italics and my views for the materials as a whole follow. 
  
Overview 
 
Issues remaining that apply to all units 
A crucial issue for this material is to make the underpinnings of the project explicit and to 
agree them between the participants. 
The general underpinnings of the project are now much clearer and most units have been 
revised to show how these can be met using the topic material. The introductory sections on 
productive ways of teaching and learning are clearer and have been made more explicit and 
useful.  
 
A crucial question to be asked of this material by each participating country is: 
How does this fit with our own curricular demands? 
How will our teachers fit it into their existing curricula? 
This issue has not been addressed. But its absence does raise issues for the suitability of 
some of this material for compulsory constructed curricula in some countries such as in the 
UK which highlight progression. This may mean teachers avoid materials that they see as 
unsuitable for the learning of their pupils and which do not fit with or enrich the scheme that 
they already use. 
 
It would seem useful to use some of the research on children’s understanding integrated into 
this resource. E.g. Martin Braund “Primary Plants: A Handbook for teaching plant science in 
primary school. 
There is spasmodic reference to research findings but no specific details at least in the 
printed materials. I still consider this is a wasted opportunity to increase the rigour and 
usefulness of these materials. 

 
Although a set of developmental levels is given for argumentation there is no indication of 
how the team sees the progression of understanding about plants nor the progression in 
pupils’ skills in scientific enquiry. It is not clear which age/stage each unit is intended for. 
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I still hold this view although there is a much better indication of what pupils will learn from 
the units both in terms of content and scientific enquiry. 
 
The units seem very different and unrelated to each other. Teachers would need some 
guidance on how to select an appropriate unit for their class. 
This point has been addressed in part by the linking and cross referencing of the units, but I 
still feel that pathways for teachers through the materials would be useful. Some units take 
similar or the same topics but deal with them in different ways e.g. herbarium sheets and 
vegetables and fruits and maybe some guidance as to which to use with which class or in 
which country would be useful 
 
1. Experiments about plant growth 
 
Comments from the initial report that have not been  addressed: 
The writers should carefully consider what concepts must be in place for photosynthesis to 
be understood and how they might teach for this progression. 
 
The background biochemistry for teachers should be fuller and should be checked by a 
biochemist 
 
All experiments should be safety checked where pupils are expected to have direct contact 
with chemicals 
 
The areas shown below are areas from all the units that have arisen and the chart 
shows the evaluation of the revision of this partic ular unit.  
 
Area Evaluators Comment 
The context and importance 
of the unit explained 

The unit still takes a very biochemical approach to how plants 
live and focuses entirely on photosynthesis. Pupils find 
photosynthesis a difficult topic as explained in previous 
evaluation. In my opinion it would have helped for these 
experiments to be set within an introduction about how whole 
plants live, grow and compete (e.g. for light) and how the cells 
link the whole plant to the chemical processes. 

Links with the other units The introduction does not explain how this unit fits with other 
units. 

Explanation of the science 
must clear and accurate for 
teachers 

Despite some of the  particular issues outlined in the previous 
report being addressed, the science is still dubious.  
In particular: 
p.1. The idea given here seems to be that energy changes into 
organic substances. Energy cannot be converted into material. 
p.1. The energy from the sun is (not only) light. Explain why 
light is special. 
p.4. Should explain how fat and protein are made in the plant 
from carbohydrate. 
p.4. Accessible energy that plants consume as food. The 
materials of O C and H need to be separated in the 
explanation from energy. Energy flows and enables the 
building up of carbohydrates it does not make  food. Pupils will 
be already confused on this point and teachers notes must be 
correct 
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p.5. I question if pupils can understand the role of oxygen in 
burning without carefully building up to the idea of this abstract 
process. 
p.24. 3 sq metres (m2). Do you mean 1m x 3m or 1 m2 x 3 m2? 
p.30. If only green chlorophyll is possible for photosynthesis to 
occur how do red and brown algae survive? 

Opportunities for science 
skills 

Plenty of opportunities in this unit for lab skills and control of 
experiments. 
P6/7 Couldn’t extra water produced in burning be a possible 
reason for extinction of the candle? 

Opportunities for 
differentiation  

Only very few opportunities 
 

Opportunities for different 
groupings 

Only few opportunities 
 

Opportunities for discussion 
and argumentation 

Only few opportunities 
 

Health and Safety There are still very problematic safety issues with this unit. 
p.11 use of pipette by mouth to draw up indicator. Use bulb. 
p. 13 use of straw by mouth inadvisable for pupils 
p. 33 Warming ethanol very dangerous should not be done by 
pupils 
p.35 Petrol should not be used  

Ethics Comment about the ethics of the historical mouse experiment 
not addressed 

 
Summary : In my view this unit is not appropriate for primary age children as the concepts 
require an understanding of the basic ideas of energy and matter and their processes and 
this is why in most curricula it comes in the secondary school. The lab experiments might 
well be enjoyed by primary children but they have unacceptable dangers. If persisted with the 
biochemical approach needs contextualising for teachers within an understanding of cells 
and whole plants and maybe even how ecosystems work.  
 
Comment :  this module could be completed only in the botanic garden or by specialist plant 
science agencies e.g. UK, Science and Plants for School; it will send an outreach worker to 
botanic gardens or schools.  
 
2. Plants in Art 
 
Nearly all the issues in the initial report have be en attended to. 
 
The areas shown below are areas from all the units that have arisen and the chart 
shows the evaluation of the revision of this partic ular unit.  
 
Area Evaluators Comment 
The context and importance 
of the unit has been 
explained. 

Now well set in its context. 

Links with the other units. This has been done. 
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Explanation of the science 
is clear for teachers. 

Much better content on science for teachers. I feel they could 
still do with more on how to identify roots, stems and leaves. 
 

Opportunities for science 
skills. 

A much better focus on science skills. 
 

Opportunities for 
differentiation.  

Extension activities provided. 
 

Opportunities for different 
groupings. 

Some opportunities. 
 
 
 

Opportunities for discussion 
and argumentation. 

Some opportunities. 
 
 

Health and Safety. All necessary issues attended to. 
 
 

Ethics. No issues here. Good cultural inclusion in this unit. 
 
Summary : This unit is imaginative and fun and much improved by strengthening the science 
aspects. 
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3. Food 
 
The suggestions in the first evaluation report have  all been attended to and have 
improved the unit which has been thoroughly revised . 
 
The areas shown below are areas from all the units that have arisen and the chart 
shows the evaluation of the revision of this partic ular unit.  
 
Area Evaluators Comment 
The context and importance 
of the unit has been 
explained. 

This has been well revised. 

Links with the other units. This has been done to a reasonable extent. 
Explanation of the science 
is clear for teachers. 

The main issues have been well addressed. However I still 
think that teachers could do with very focused guidance on 
how to categorise modified stems, roots and leaves such as 
carrots, potatoes and Swiss chard so that they can give 
evidence that they are the particular parts of a plant. E.g. 
significance of potato “eyes”.  
 

Opportunities for science 
skills. 

Some really excellent problem solving tasks. 
 

Opportunities for 
differentiation.  

This unit has excellent well focused suggestions for 
differentiation and extension work. 

Opportunities for different 
groupings. 

The materials provide ample places where teachers can get 
pupils to work in different sorts of groupings. 

Opportunities for discussion 
and argumentation. 

Very well thought out opportunities for discussion and the 
development of argumentation skills. 
 

Health and Safety. Good safety advice. 
 
 
 
 

Ethics. Some thought should be given to the use afterwards of food 
that is used for observation or experimentation so that ideas of 
waste disposal and careful use of resources are enhanced. 

 
Summary: Really well constructed and useful unit. 
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4. Conservation 
 
This unit was already good and the editing has impr oved it further as an exciting and 
useful unit 
 
The areas shown below are areas from all the units that have arisen and the chart 
shows the evaluation of the revision of this partic ular unit.  
 
Area Evaluators Comment 
The context and importance 
of the unit has been 
explained. 

Good now 

Links with the other units. Good now 
 

Explanation of the science 
is clear for teachers. 

Teachers’ notes might have included the characteristics of the 
plants groups mentioned and also the habitat adaptations 
likely to be found in plants when pupils explore their 
environment. 

Opportunities for science 
skills. 

 
Good 
 
 
 

Opportunities for 
differentiation.  

Some 
 
 
 

Opportunities for different 
groupings. 

 
Some 
 
 

Opportunities for discussion 
and argumentation. 

Some 
 
 
 
 
 

Health and Safety. No relevant issues. 
 
 
 
 

Ethics. Field work guidelines on collecting and trampling sensitive 
sites might be highlighted. 

 
Summary:  a useful and exciting unit 
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5. 2. Evaluation: Austria   
 

5.2.1. Summary of activities 
 

School 

number 
of 
children Topic 

Description of the lesson context including 
working like a scientist argumentation, 
observation, recording 

      
Time 
h   

 
Argu  Obs Rec  indoor 

 
outdoor 

VS 
Hötting 21 

Preface Why can’t we 
live in world without 
plants  1 yes   yes yes   

    
Module 1 The burning 
candle  1 yes yes yes yes   

    
Module 2 The air we 
exhale 2 yes yes yes yes   

    
Module 3  Priestley’s 
experiment 1 yes   yes yes   

    
Module 4 Oxygen 
production of plants 2 yes yes yes yes   

    
Module 5 My personal 
oxygen consumption 0.5 yes yes yes   yes 

    
Module 6 How do 
plants grow 1 yes yes yes yes   

    

Module 7 
Photosynthesis 
equation 1.5 yes   yes yes   

    
Module 8 Starch 
production in plants 1.5 yes yes yes   yes 

    
Module 9 Water 
transport in plants 1.5 yes yes yes   yes 

    
Module 10 Review our 
project 2 yes   yes yes   

                  
VS 
Maria 
Hilf 21 

Preface Why can’t we 
live in world without 
plants  1 yes   yes yes   

    
Module 1 The burning 
candle  1.5 yes yes yes yes   

    
Module 2 The air we 
exhale 1.5 yes yes yes yes   

    
Module 3  Priestley’s 
experiment 1 yes   yes yes   

    
Module 4 Oxygen 
production of plants 1.5 yes yes yes yes   

    
Module 5 My personal 
oxygen consumption 0.5 yes yes yes   yes 
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Module 6 How do 
plants grow 1.5 yes yes yes yes   

    

Module 7 
Photosynthesis 
equation 1.5 yes   yes yes   

    
Module 8 Starch 
production in plants 1.5 yes yes yes   yes 

    
Module 9 Water 
transport in plants 1.5 yes yes yes   yes 

    
Module 10 Review our 
project 2 yes   yes yes   

                  

VS  
Neu-Arzl 22 

Preface Why can’t we 
live in world without 
plants  1 yes   yes yes   

    
Module 1 The burning 
candle  1 yes yes yes yes   

    
Module 2 The air we 
exhale 3 yes yes yes yes   

    
Module 3  Priestley’s 
experiment 1 yes   yes yes   

    
Module 4 Oxygen 
production of plants 2 yes yes yes yes   

    
Module 5 My personal 
oxygen consumption 0.5 yes yes yes   yes 

    
Module 6 How do 
plants grow 1.5 yes yes yes yes   

    

Module 7 
Photosynthesis 
equation 1 yes   yes yes   

    
Module 8 Starch 
production in plants 1.5 yes yes yes   yes 

    
Module 9 Water 
transport in plants 1.5 yes yes yes   yes 

    
Module 10 Review our 
project 2 yes   yes yes   

                  
Übungsv
olksschu
le 20 

Preface Why can’t we 
live in world without 
plants  1 yes   yes yes   

    
Module 1 The burning 
candle  1.5 yes yes yes yes   

    
Module 2 The air we 
exhale 1.5 yes yes yes yes   

    
Module 3  Priestley’s 
experiment 1 yes   yes yes   

    
Module 4 Oxygen 
production of plants 2 yes yes yes yes   

    
Module 5 My personal 
oxygen consumption 0.5 yes yes yes no yes 
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Module 6 How do 
plants grow 1 yes yes yes yes   

    

Module 7 
Photosynthesis 
equation 1.5 yes   yes yes   

    
Module 8 Starch 
production in plants 1.5 yes yes yes   yes 

    
Module 9 Water 
transport in plants 1.5 yes yes yes   yes 

    
Module 10 Review our 
project 2 yes   yes yes   

 

5.2.2. Introduction 
 
   “Inquiry” is a central term in the rhetoric of present science education reforms in Europe. 
One unifying goal of these reforms is the promotion of favorable attitudes towards science 
and learning science. The current importance of this promotion is emphasized by the 
mounting evidence of a decline in the interest of young people in science studies and 
careers.  Positive contacts with science at primary level have a long-lasting impact on 
children’s interest in science whereas negative experiences at school, due to uninteresting 
content or bad teaching, are very detrimental to future choices (OECD 2006).  
 
   Besides encouraging children’s fascination for science, another goal of recent science 
education reforms is that children develop an understanding of the nature of science (NOS). 
This interest in developing children’s ideas about science emerges from the insight that 
scientific understanding extends beyond knowing scientific concepts (Sandoval 2003). 
Knowing about inquiry and science, being scientifically literate, is not only crucial for 
conducting scientific investigations but also for becoming critical consumers of science and 
participants in a scientifically laden culture and enabling them to make well informed choices.  
 
   Traditionally, most school science lessons emphasise activities that help school children to 
understand the concepts and ideas of science – what are called conceptual learning goals . 
Whilst understanding scientific concepts is still an important part of the developed materials, 
the materials also focus on goals related to scientific processes: methodological learning 
goals  focus on understanding “how to do science”. What makes a good experiment? What is 
fair testing? Additionally the materials focus on the interrelationship between scientific 
knowledge (conceptual learning goals) and the processes that produced this knowledge 
(methodological learning goals). It is important to understand this interrelationship to come 
up with evidence based conclusions, to distinguish between theory and observation and to 
realise what makes a scientific explanation. Developing this understanding is an epistemic 
learning goal.    
 
  Focusing only on conceptual learning goals can lead to an understanding of scientific 
concepts, but not to an understanding about science. For developing children understanding 
about science, providing authentic inquiry is absolutely necessary. Teaching science and 
teaching about science is at its best by having children perform scientific investigations 
followed by reflection on the outcomes and the processes the led to these outcomes (Abd-el-
Khalick 2004).  
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5.2.3. What do we mean with teaching science enquir y based – a case 
study  
 
   Groups of four children are gathered round their tables. On the tables are three sprouts of 
a water plant, three test tubes and three types of water (mineral water, distilled water and tap 
water). The children could already prove that plants need carbon dioxide to produce oxygen 
but do the need light to do so? They could prove this by observing and counting oxygen 
bubbles produced by the water sprouts. In the distilled water, that contains no carbon 
dioxide, no oxygen was produced. 
 
The teacher, Mrs. Maier, hands out a concept cartoon on the role of light for the oxygen 
production of plants. She asks the children, who they think is right. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Most of the children think that Mel is right and that 
plants produce oxygen during the day and night, 
because otherwise we could not breathe during the 
night and would die. Two children, Rose and Jonathan, 
say that they think that Tim is right and that plants 
produce oxygen only during the day, because they 
need sunlight to do so. 
 
The children start enthusiastically to test their ideas.  
 
 
 
 
 
 
 
 
 
  

Plants produce 
oxygen at 
night and day. 

 

Plants only 
produce 
oxygen in the 
sunshine. 

  

Plants only 
produce 
oxygen in the 
dark. 

 

Sue Tim Mel 

Figure 1: Conce pt cartoon on the role of sunlight for oxygen produ ction  

Figure 2: Oxygen production in the light  
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One group darkens the room and observes what is 
happening. Another group uses the shoe boxes, the 
teacher brought to the classroom. Another group 
uses the overhead projector. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
They are taking 
measurements using 
stopwatches and are 
recording them on their 
activity sheets. Some groups 
generate drawings of their 
experiment set up.  
 
 
 
 
 
 
 
 
   As far as we can see, the teacher has only had a brief conversation with the class at the 
start of the activity, when she introduced the concept cartoon. Most of the groups continue to 
test their ideas changing the experiments set up. Some pupils walk around in the classroom 
and observe other children doing the experiment. Then they go back to their group and tell 
them what the others are doing and copy good ideas. One group has difficulties setting up 
new experiments. In this group Mrs. Maier helps them by asking them questions, not by 
providing the answers. 
 
   One child closes the curtain and it is quite dark in the classroom now. But the plants are 
still producing oxygen bubbles. Children notice that there are less oxygen bubbles but the 
plant is still producing. Many of the children think that there prediction was right and that 

 

Figure 4: The experiment set-up  

Figure 3: … and in the dark  



        

EU Project: Plant Science Gardens: Plant Science Education for Primary Schools in European Botanic Gardens 

University Innsbruck, A - Institute of Education, London University, UK - MuseoTridentino di Scienze Naturali Trento, I 
University Botanic Gardens Sofia, BU - Royal Botanic Gardens  Kew, UK  

 

 133 

plants produce oxygen during the day and night. Some children argue that in the night when 
we sleep we need less oxygen that’s why the plants produce less oxygen. 
 
   One student, Rose, however still believes that the plants need light to produce oxygen and 
argues that it still isn’t dark enough in the classroom. In her group they change the 
experiment set up and put the glasses into a shoe box. There are even fewer bubbles now 
but there is still oxygen production. The children are discussing their observations and one 
student is convinced now that the plants need light to produce oxygen. She explains her ides 
to the rest of the group as follows: “The less light the less oxygen bubbles. We still can 
observe oxygen bubbles, because it is not completely dark. The problem is that we could not 
see and count the bubbles, if it would be completely dark”.  
 
   15 minutes before the end of the lesson the children stop experimenting. Mrs. Maier asks 
them if the groups have come to a conclusion. Most of the children, even Jonathan, who was 
convinced that plants need light to produce oxygen at the beginning of the activity, think that 
Mel is right, but that during the night less oxygen is produced. Only Rose’s group says that 
Tim is right and they bring the above mentioned argument for their conclusion.    
   Each child writes two things they have found out today on their activity sheet. Many of the 
children jot down that plants produce oxygen during the day and night. Before the end of the 
lesson all test tubes with the water plants are put into shoe boxes. All the boxes are stored in 
a corner of the classroom and covered with a dark cloth. 
 
The next morning, before the lesson, two children come to Mrs. Maier and say that they have 
changed their mind and that they now think that Tim is right. It seems that they thought about 
the experiment at home. Mrs. Maier starts the lesson with a repetition of what they have 
done yesterday. Then she uncovers the test tubes and every group gets its tubes and 
observes what is happening. No bubbles are produced at all. Many of the children erase 
what they have written yesterday and replace it with a new sentence like “we have found out 
that plants do not produce oxygen during the night”. But this insight raises new questions! 
Why can we breathe during the night? How can people breathe in the desert, where there 
are often no plants? 
 
   Mrs. Maier uses these questions to discuss the function of the atmosphere and the role of 
the rain forests as huge oxygen producers. She goes outdoors with the class and tells the 
children how much green space is needed that one person can breath for 24 hours. The 
children mark their own green area needed for their breathing with a thread.  
   Was this a good science lesson? The children weren’t told scientific hard facts. There was 
no structured recording using headings such as apparatus, method and results. At the end of 
the first day most of children thought something wrong without being corrected. The activity 
sheets were a mess, because many children first wrote something wrong and had to 
overwrite it the next day, and yet it felt like a good science lesson.  
 
   The children could clearly talk about their ideas and test their ideas. They were very 
motivated and worked actively on their own. The discussed their ideas in small groups and 
used arguments to underpin their findings. Some even found plausible arguments for their 
wrong conclusion. Some of them were thinking about the problem at home and discussed 
their experiments with their parents. At the end of the next morning they had a clear answer 
and obviously made some progress. More than five months after the project more than 95% 
of the children still knew that light is needed for the production of oxygen, although they 
never had to learn these findings for a test. 
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   After the lesson Mrs. Maier writes into her project diary: “We discussed the experiment set 
up over night, because on the previous day many of the children still didn’t understand that 
plants need light to produce oxygen. Through the experiment all of them seemed to be 
convinced. At this point – it’s the fifth day of the project – I notice that children make 
connections between the insights gained through the single experiments”. 
 
   Mrs. Maier is very pleased with the progress children make and how enthusiastic they are. 
Mrs. Maier herself lost her nervousness and feels comfortable with the situation that children 
explore and investigate on their own. She is gaining the confidence to conduct enquiry 
centered lessons and shares her knowledge with her colleagues in school.     
 
   The lesson described was one of 10 enquiry-centered lessons Mrs. Maier conducted with 
her class in the course of the PSG project. In the other lessons different methods were used 
but in all the lessons children were encouraged to do their own investigation. In all lessons 
the children were actively engaged in both thinking (minds-on) and doing (hands-on) 
 

5.2.4. Objectives 
 
   Education for people at all different ages in a variety of settings is not a static process. 
Sometimes innovations, such as the use of new practical examples for teaching about plant 
germination, are introduced by individual teachers to their pupils. At other times, the 
innovations are introduced at national level, such as a curriculum modification. Ideally, 
whatever the innovation is, it seems sensible that its problems and benefits should either be 
already known before being introduced to children or the introduction should include an 
evaluative stage. Therefore, before advertising the new teaching materials within the teacher 
training we have to asses if these materials do fulfil the purpose we want them to do. We 
have to clearly define what we want the children to learn and than compare these 
expectations with what the children actually do learn (Millar 2005).  
 
Taking into account the decline of interest in science studies and careers and the low 
performance of many European countries in the PISA and TIMMS studies, a main aim of 
newly developed teaching materials must be to raise student’s interest in science and to 
convey an understanding of science that exceeds the understanding of single scientific 
concepts without taking into account the processes that led to this knowledge. 
   Therefore the internal evaluation of the materials concentrates i) on the effect the enquiry-
centred lessons have on the attitudes towards school science and scientific investigation, ii) 
on the effect the enquiry-centred lessons have in the children’s understanding of the nature 
of scientific investigation, iii) on the conceptual understanding of the topic “photosynthesis” 
after the 10 inquiry centred lessons on this specific topic and iv) on student’s epistemic 
competence to link their knowledge with the processes that produced that knowledge. 
 
Additionally we will report on how science education research has influenced the 
development of the materials, how the chosen bottom-up approach of the project has 
influenced the development of the materials and what teachers and the children’s parents 
said about the developed materials.  
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5.2.5. Methods 
 
   The teaching materials were tested in four primary school classes with 84 children (43 boys 
and 41 girls) of ages from 9 to 11 years. The student’s investigations in school were 
supervised by the teacher, investigations in the botanic garden by botanic garden educators. 
The lessons were filmed, student discussions transcribed and analyzed following a grounded 
theory approach (Glaser and Strauss 1967) using the software Atlas.ti.  
 
Important for the development of the materials was that after each class we had some weeks 
to evaluate the impact of the materials, analyze our own observations and the comments of 
the teachers. Based on this evaluation we improved the materials, tested them again and so 
on. 
 
                    Tested                          Evaluated                         Improved  
 
 
 
 
 
 
   To monitor attitudinal change we used a questionnaire consisting of a 4 point Likert scale. 
The scale drew on several items from the study of Pell and Jarvis (2001). The questionnaire 
was administered before and after the project. To test on attitudinal change the data was 
analyzed using the non-parametric test after Wilcoxon (Bortz 2003). To test gender bias of 
attitudes towards science in general and science experiments in particular we used the U- 
test after Mann-Whitney (Bortz 2003). The data was analyzed using the software SPSS. 
 
   To monitor change in the understanding about key factor of scientific investigation we used 
questions on the nature of science of the TIMMS questionnaire (TIMMS 1995). The 
questions concentrated on factors of fair testing like using a control group, using 
measurements or isolating only one single factor. An example of a question for the use of a 
control group is the following: 
 
If you want to find out whether seeds grow netter in the light or the dark you could put some 
seeds on pieces of damp paper and 
A: keep them in a warm dark place 
B: keep one group in a dark place and one in a light place 
C: keep them in a warm light place 
D: keep them in a dark or light place that is cool  
 
This questionnaire was administered before, two weeks after and 5 month after the project 
and analyzed using descriptive statistics. 
 
   To assess conceptual understanding of the topic “photosynthesis” the children were 
interviewed before and after the project using semi-structured interviews. To assess the long 
term impact of the lessons we administered a questionnaire (Marmaroti and Galanopoulou 
2006) examining various aspects of photosynthesis simultaneously few days after the project 
and 5 month after the project. 
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   To assess the epistemic competence we developed a method that allowed us to test, if the 
children can link the experiments they conducted to the concept they have about 
“photosynthesis”. After the project the children were asked to produce a concept map with 20 
keywords on photosynthesis. Concept mapping is a valuable tool to assess student’s 
concept on a specific topic (Freeman 2004, Liu 2004). After the concept mapping we 
distributed photos of the conducted experiments and the children had to link the photos of 
the experiment to the specific keyword(s) in the concept map 
(Figure 5).  
 

 
 
Figure 5: Evidence map of a group of four girls 
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5.2.6. Results and Discussion 
 

5.2.6.1. How did science education research influen ce the development of the 
materials? 
 
Photosynthesis is not an easy topic and the list of misconceptions reported in the literature is 
long. However – it was an explicit wish of the primary school teachers taking part in the 
project to develop materials dealing with this topic. Additionally some understanding of 
photosynthesis is very important because it is the basis of all food chains and maintains the 
gas balance in the atmosphere. It can therefore be seen as a process on which most almost 
all life on Earth depends on. 
 
In Austria photosynthesis is typically taught in secondary school using the photosynthesis 
equation (out of water and carbon dioxide the plants make sugar and as a by-product oxygen 
using the lights energy). However – this biochemical approach does not make sense to 
learners in primary school. Therefore we were looking for different ways to teach this topic.  
 
Teaching photosynthesis based on a constructivist v iew of learning: 
 
Findings from many studies over the past three decades show that students do not come into 
science instruction without any pre-instructional knowledge or beliefs about the phenomena 
and concepts to be taught. Rather, students already hold deeply rooted conceptions and 
ideas that are often not in harmony with the science views or are even in stark contrast to 
them. If you ask primary school children about their concepts of photosynthesis you probably 
won’t get too many answers. But they have a clearly structured concept on plant growth. 
Through group interviews with 84 primary school students we found out that the majority of 
these students can easily indicate important factors for plant growth: light, water and “soil”. 
Additionally they distinguish between “bad air” (exhaled air) and “good air” (fresh air) and 
many of them know that plants or trees “can make the air better”. This means that they 
already have some basic understanding of photosynthesis. They know that plants need 
water and light to grow and they know that plants can change bad air into good air (intake of 
carbon-dioxide and production of oxygen). However - through concentrating on the 
photosynthesis equation and not teaching photosynthesis in the context of plant growth (as 
often done in Austrian school), children fail to link their daily observations on plant growth 
with the biochemical explanation learned in school. This leads to a weak understanding of 
the topic and stable misconceptions.  
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Figure 3: Teacher explanation of plant growth versus student’s concept and daily observation 
on plant growth 
 
Therefore we have chosen another approach to teach and learn about photosynthesis. 
Based on their own concepts of “air” and “plant growth”, children plan experiments to 
question these concepts 
. 
There are 5 modules which, through a range of experiments, introduce children to the idea 
that “air” consists of different gases, the role of plants as oxygen producers and their capacity 
to absorb carbon dioxide. Another 5 modules use experimental results to show the link 
between photosynthesis and plant growth. Understanding how plants use the sun’s energy, 
water and carbon dioxide to produce organic substances is crucial to recognise their role as 
the basis of most food chains. 
 

5.2.6.2. How did the project set-up influence the d evelopment of the materials? 
 
The whole project followed a bottom-up approach. Primary school teachers worked closely 
together with science education researchers and the staff of the Botanic garden to develope, 
evaluate and improve the materials.  
 
All four participating teachers as well as one teacher, who asked for working with the material 
after pilot schools had been selected already, were asked to write a teachers log when 
working with the teaching resources. To help teachers structure this log we handed out 
guidelines and asked several question which they should consider when writing their notes 
(see English version of this handout page 138 These guidelines for teachers interviews had 
been developed conjointly for all participating countries (see Annex 2. page 197). 
 
In addition teachers in Austria as well as in all the other participating countries were 
interviewed after the project using these guidelines mentioned above. 
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Through bridging the gap between science education research and science education 
practice in primary school we developed materials that are based on the newest trends in 
science education and can easily be conducted in the classroom even by scientifically 
inexperienced primary school teachers. In fact three of the teachers that tested the materials 
call themselves very inexperienced in science and it was very important to see, what 
information they need to conduct inquiry-based lessons. 
 
Through the immediate evaluation of the materials we noticed what was good and what 
aspects needed to be changed. For example one aim of the developed materials was that 
students understand that we can not live in a world without plants, because they produce the 
oxygen we need to breath and the food we need to eat (as starting point of almost all food 
chains). 
 
Before (pre), directly after (post) and 5 month (post2) after the project we asked the children 
a set of questions through a questionnaire. One question was: Name two reasons, why we 
can not live in a world without plants? 
 
In the first class that tested the materials, 14% of the students could answer this question 
correctly in the Pre-test, 33% in the Post-test and 29% in the Post-test 2 (Figure 7). In the 
interview with the teacher of this class after the project she mentioned “I’m sure that the 
children understood the role of the plants as oxygen producers, but I’m not sure if they 
understood the plants role as a starting point of the food chain”. 
 
The results of the questionnaire and the interview with the teacher showed that the children 
of this class had problems in identifying the plants role as basis of the food chain. Therefore 
we changed the materials, included food chain games in the BG and changed the 
information for the teachers in the materials. In the following three classes up to 77% of the 
students answered the above mentioned question correctly (Figure 7).    
 
This example is only one of many that show how important the inclusion of an evaluative 
stage in the development of the resources was. Through the stepwise development,  
evaluation and improvement of the materials we ended up with a final version that showed to 
be effective in helping students not only understand the topic photosynthesis and plant 
growth but also criteria of scientific working and experimenting.  
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Figure 4: Correct answer on the question „Why can’t we live in a world without plants. Name 
two reasons” in %, divided into the four classes. n=84; blue=pretest, green =posttest, brown 
= post-test 2; 
 
 

5.2.6.3. Attitudes towards school science 
 
   The 4th grade primary school children in our sample have very positive attitudes towards 
school science, even though it is not considered as being easy (Table 1). Our results suggest 
that children enter secondary school with a highly positive attitude towards science. A review 
of literature on attitudes towards science underpins these findings. A clear feature of 
international research is the decline in attitudes towards school science from age 11 upwards 
(Osborne et al. 2003). The absence of any gender difference in our sample (Table 1 in the 
annex) does not support the view that science is a male subject at this level of education 
(Jones 2000).   
 
Table 1: Interest in school science (1=I strongly agree, 4= I strongly disagree) 
 
 Girls 

   N              Mean         SD           
 

Boys 
   N              Mean         SD 

I like learning science 
 41 1,49 ,637 43 1,47 ,667 

Science is boring 
 41 3,56 ,769 43 3,65 ,783 
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Science is easy 
 41 2,22 ,881 43 2,07 ,910 

 

5.2.6.2. Attitudes towards science experiments 
 
   Our results show that children especially like the co-operative practical hands-on aspects 
of science (Table 2). In the pretest there is no significant difference in attitudes towards 
“watching the teacher doing experiments” and “doing experiments on your own”. However, 
the pretest suggests that children are not so keen in finding out how an experiment works on 
their own. There is a significant difference in item 4 and 5. These findings accord with other 
studies (Pell and Jarvis 2001).    
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Table 2: Interest in different activities in the science class (1= I like it very much, 4= I don’t 
like it at all)  
 
 
How do you like 
 

 
N 

 
Pretest 

 
 Mean                Std.Dev. 

 
Posttest 

 
 Mean              Std.Dev. 

1 Working with 
worksheets 

84 1,76 ,75 1,77 ,70 

2 Watching the teacher 
do an experiment 

84 1,19 ,55 1,48** ,74 

3 Doing experiments on 
your own 

84 1,08 ,39 1,06 ,24 

4 Teacher telling you 
how an experiment 
works 

84 
1,32* ,64 1,63** ,76 

5 Finding out how an 
experiment works on 
my own 

84 
1,62* ,87 1,24** ,62 

6 Working with friends 
 

84 1,31 ,56 1,37 ,69 

7 Working alone 
 

84 2,26 ,99 2,40 1,13 

8 Making excursions 
 

84 1,08 ,35 1,00 ,000 

 
*   Statistically significant difference between different items within pretest, Wilcoxon test 
** Statistically significant difference between same items pre- und posttest, Wilcoxon test 
 

5.2.6.3. Attitudinal change after inquiry centred l essons 
 
   After conducting the inquiry centred lessons we observed a significant change in the 
attitudes towards item 2, 4 and 5 (Table 2). Whereas the positive attitude towards “watching 
the teacher doing an experiment” and “teacher telling you how an experiment works” 
decreased significantly, children’s interest in “finding out how an experiment works on your 
own” increased significantly.  
 
   Adding up the mean scores of item 3 and 5 we get a sub-scale “student-centred 
investigation” that can be used as a measure for individual investigative science. Adding up 
the mean scores of item 2 and 4 we create a sub-scale “teacher-centred investigation”, 
pointing towards a measure of instructed investigation  
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Table 3: Interest in teacher-centred and student-centred investigation  
 
 
Subscales 
 

 
N 

 
Pretest 
 
 Mean                SD 

 
Posttest 
 
   Mean                SD 

1 Teacher-centered 
investigation 

84 2,51 ,95 3,11** 1,28 

2 Student-centered 
investigation 

84 2,70 1,00 2,30** ,73 

 
** Statistically significant difference between same items pre- und posttest, Wilcoxon test 
 
   The use of the developed inquiry-centred materials - where children were asked to 
formulate questions, make predictions and design investigations to test their predictions on 
their own - led to a significant decrease of interest in teacher-centred investigations. At the 
same time the children gained the confidence to find out how experiments work on their own 
and we could observe a significant increase of interest for individual investigations. There is 
no gender difference identifiable concerning interest in individual investigation. 
 
Even more important than the results of the attitudes towards science questionnaire were our 
own observations in the classroom and the children’s and teachers’ comments on the 
project. The enthusiasm the children showed during the project was amazing. Children were 
talking about “their coolest science lesson”, teachers were fascinated of the “spirit of 
research” and “enthusiasm” the children showed. Some parents wrote letters to the teachers 
thanking them for the project and telling them how surprised they were, when their children 
were talking so enthusiastically about their science lessons.   
 

 
 
Figure 5: Letter from parents to the teacher thanki ng them for the project.  
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The feedback from the children and their parents was an additional motivation for the 
teachers to open their own teaching to enquiry based approaches.  
   If we want to address the ongoing decline of interest in science among young people in 
general and young girls in particular, it is important to build on a positive start made in 
primary years as well as to identify factors that might prompt young people to reject science 
later. Vice versa, factors that have the potential to raise children’s interest and confidence in 
science have to be identified and forced. Inquiry-centered teaching holds this potential. If we 
want to fascinate children for science and achieve scientific literacy amongst them, extensive 
professional development efforts relative to inquiry are necessary.  
 

5.2.6.4. Understanding about the nature of scientif ic enquiry 
 
   In the 1990s the nature of science has enjoyed renewed attention in science education 
circles as a primary component of scientific literacy (DeBoer 2000, Gräber & Bolte1997). 
Later in the 1990s, these discussions were further fuelled by the results of the TIMSS project 
(Third International Mathematics and Science Studies) that uncovered striking deficiencies in 
the state of scientific literacy in many countries. More recently, PISA 2000 (Programme for 
International Student Assessment) (OECD/PISA 1999) also showed that students’ 
performance in many countries was less than expected. These results provided another 
impetus for discussion on scientific literacy concepts and on attempts to improve science 
teaching and learning. 
 
   These discussions mandate that science teachers from kindergarten to graduate school 
should not only teach in a manner consistent with current views of the scientific enterprise, 
but should also purposively instruct children in specific aspects of the nature of science. 
From an educational perspective, most agree that teaching children to simply recall scientific 
facts, laws, and theories is not enough. Rather, teachers and science educators want 
children to know why scientific knowledge and ideas have merit and may be trusted.   
   To reach this understanding many studies recommend placing enquiry at the core of 
science instruction. Through teaching science as enquiry children learn to view science as a 
process of enquiry, following rules on fair testing. 
 
   The materials developed and tested in Austria focus strongly on the ability to conduct 
scientific experiments. Therefore, the evaluation we conducted concentrated on some factors 
of fair testing like using a control group, using measurement and isolating single factors.  
   Figure 1 shows how the children’s ability to identify factors of fair testing developed in 
course of the project and within five months after the project. The question on using a control 
group was answered correctly by 34% of the children before the project and by 60% of the 
children immediately after the project. Surprisingly 89% of the children’s answered this 
question correctly five month after the project.  
 
The question on using measurements to draw evidence-based conclusion was answered 
correctly by 31% of the children in the pre-test and 55% in the post-test. Five month after the 
project 58% of the children answered this question correctly. 
 
The question on the isolation of a single factor was answered correctly by 56% of the 
children in the pre-test, 80% in the post-test and 91% five months after the project. 
 
These results clearly suggest that the children’s understanding of the nature of scientific 
investigation increased in course of the project. Probably this understanding was triggered in 
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course of the project and was developed further in the months after the project. This would 
explain the increase of correct answers between the post-test and post-test 2.  
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Figure 9: Change in children’s understanding about the nature of fair testing 
 

5.2.6.5. Conceptual change and long term impact 
 
  Findings from many studies over the past three decades show that children do not come 
into science instruction without any pre-instructional knowledge or beliefs about the 
phenomena and concepts to be taught. Rather, children already hold deeply rooted 
conceptions and ideas that are not in harmony with the science views or are even in stark 
contrast to them.  
 
  Beneath the evaluation concerning the attitudes and the understanding of the nature of 
science (evaluation on a meta level) we also focused our evaluation on the development of 
children’s pre-instructional conceptions towards the intended science concepts in a 
conceptual change approach. 
 
  The interviews with the children before and after the project show how the children’s 
concept of plant growth developed in course of the project. Everyday concepts (plants eat 
soil) were replaced by scientifically accepted explanations (photosynthesis is responsible for 
plant growth), descriptions (plants need water, light and soil to grow) were replaced by 
explanations (out of water, carbon dioxide und light the plants produce sugar for plant 
growth) and everyday language (bad air, soil) was replaced by scientific vocabulary (CO2 rich 
air, soil minerals). 
 
   A questionnaire designed to asses the understanding of photosynthesis at lower secondary 
(Marmaroti and Galanopoulou 2006) was administered directly after the project and 5 month 
after the project. 
 
   The evaluation of the questionnaire (Figure 10-16 page 160) shows that the children 
understood the taught aspects of photosynthesis and that there was now decline in 
knowledge within five month after the project. These findings suggest that using the 
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developed materials children understand important aspects of the topic photosynthesis and 
that this understanding is sustainable.  
 

5.2.6.6. Differentiation 
 
Children with different cultural background, different reading and writing skills, different social 
skills form a heterogeneous group in Austrian primary school classrooms. This has to be 
taken into account when developing teaching materials. They should be designed to allow 
progression of ideas for highly talented children as well as for lower achievers. In the testing 
of the materials we split the class into homogenous skill groups to observe if the materials do 
not overburden low achievers and do not bore high achievers. The classification into high-, 
medium- and low achievers was undertaken by the class teacher. 
 
The materials allow able children to solve the set problems (see case study for an example)  
without the help of the teacher. Low achievers might need some guidance through the 
teacher. Differentiation in the classroom is in our case not achieved through different 
materials but through different assistance through the teacher in the classroom.  
One teacher wrote in her research diary: “All students are very interested and engaged. 
Many accomplish to set up the experiments on their own. One group needs the dialogue with 
the teacher but finally all of them end up with an experiment to prove that the exhaled air 
contains less oxygen than the fresh air”. 
 
Figure 10 shows that high-, medium- and low achieving students had a significant increase of 
correct answered questions before the project, immediately after und 5 month after project.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 10: Correct answers on 8 questions (5 dealing with ph otosynthesis and 
3 with the nature of scientific experiments); n=84;  blue=pre-test, green=post-
test; brown=post2; 
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On average high achievers answered 4 out of these 8 selected questions (5 dealing with 
photosynthesis and 3 with the nature of scientific experiments) correctly in the pre-test and 7 
in the post-test and post-test 2, medium achievers started with 2 correct answers in the pre-
test and ended with 5 to 6 correct answers in the post-test and post-test 2, low achievers had 
in the pre-test one out of the selected 8 questions right, in the post-test and post-test2 4. 
 
In depth analysis shows that there was no significant difference concerning the increase of 
knowledge between these three groups. The pre-test - post-test difference concerning 
correct answers to the 8 posed questions was on average three in all three groups. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure  11: Difference in the number of correct answers pre -test/post -test: high achievers, 
medium achievers, low achievers  
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5.2.6.7. Epistemological understanding 
 
  The evaluation of the evidence maps shows that children had no problem in linking the 
photos of the experiments conducted with their knowledge about photosynthesis and plant 
growth. This means that they do not only understand what plants need to produce sugar and 
oxygen but they also know how they could prove what the plants need to produce sugar and 
oxygen. 
 
   Epistemological understanding is essential if children are to understand that scientific ideas 
and theories depend on a body of incontrovertible evidence.  Yet, as school science, rushes 
from one topic to another, children are too often asked to accept many ideas without the 
opportunity to consider why they are believed to be true. However, if children are asked to 
accept and memorise what the science teacher says without any concern for the justification 
of those beliefs they are most probably unable to explain those concepts to anybody else.  
 
   Through using the developed materials the children could not only explain the concept of 
plant growth and photosynthesis, but they could also explain, how they know that there 
explanation is the right one. This is what science is all about and what made it so successful: 
that scientific explanations are based on a body of evidence through experimentation or 
observation. 
 
Figure 12 shows an activity sheet 
used in the Botanic Garden. The 
children could proof that plants 
needs light to produce starch by 
verifying that partly covered leaves 
do not produce starch in the covered 
areas. They wrote down that “in the 
middle no starch was produced, 
because there was a black 
cardboard in the middle of the leave 
and plants need light to produce 
starch.” Asked what they could proof 
with this experiment they wrote 
down “we could proof that plants 
need light to produce starch”.  
 
It is important to note that they 
children not only describe their 
observation, they also explain their 
own observation by creating a 
sentence using because and they 
can clearly tell what the aim of this 
experiment was. 
 
 
 
 

 

Figure  12: Copy of an activity sheet used in the Botanic 
Garden  



        

EU Project: Plant Science Gardens: Plant Science Education for Primary Schools in European Botanic Gardens 

University Innsbruck, A - Institute of Education, London University, UK - MuseoTridentino di Scienze Naturali Trento, I 
University Botanic Gardens Sofia, BU - Royal Botanic Gardens  Kew, UK  

 

 149 

Epistemological understanding is essential if students should understand that scientific ideas 
and theories depend on a body of incontrovertible evidence.  Yet, as school science, rushes 
from one topic to another, students are too often asked to accept many ideas without the 
opportunity to consider why they are believed to be true. However, if students are asked to 
accept and memorise what the science teacher says without any concern for the justification 
of those beliefs they are most probably unable to explain those concepts to anybody else.  
Through using the developed materials the children could not only explain the concept of 
plant growth and photosynthesis, but they could also explain, how they know that there 
explanation is the right one. This is what science is all about and what made it so successful: 
that scientific explanations are based on a body of evidence through experimentation or 
observation. 
 

5.2.6.8. Conclusion 
 
   Alarming decline in student’s interest in science studies over the last decade (OECD 2006) 
and striking deficiencies concerning the state of scientific literacy in many European 
countries puts Europe’s longer term capacity to innovate and the quality of its research in 
danger. To address this trend a reversal of school science from mainly deductive to inquiry 
based methods is needed (European Commission 2007).  
 
   The key players in the renewal of science education are teachers in both the formal and 
informal sector. However many teachers – and especially primary school teachers – lack the 
competencies to conduct inquiry-centred lessons. Within the PSG project we addressed this 
issue by i) supporting schools and teachers to rethink the representation of science in the 
curriculum, ii) enlarging the repertoire of tasks, experiments, and teaching and learning 
strategies and resources, iii) promoting strategies and resources that attempt to increase 
children’s engagement and interest and iv) setting enquiry based teaching methods and 
constructivist principles into practice 
. 
   The evaluation of the developed resources shows that through the use of the PSG 
materials children’s interest and attainment level increased and at the same time the 
materials proved to be efficient in improving primary children’s understanding about the 
nature of scientific enquiry. 
 
   Children’s concept of photosynthesis and plant growth developed in course of the project 
from rather naive to scientifically accepted concepts, descriptions were replaced by 
explanations and everyday language was replaced by scientific vocabulary. The children 
understood the taught concepts and had no problem in recalling them five months after the 
project. 
  Even more important that the sustainable understanding of the topic was the fact that the 
children could explain, how they know that the concept is right. The use of the developed 
materials fosters an understanding of why we belief that a scientific concept is right. In this 
manner children do not only understand “how to do science” but they also understand what 
science is all about: about finding evidence for your beliefs and concepts. 
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5.2.7. Teachers own development  
 
All interviewed teachers mentioned more ore less that working with the resources also 
helped themselves to develop a better understanding of the topic as well as to gain more 
competence in delivering science based topics. 
 
e.g. teacher H mentioned  during the Interview: 
 
H: Wie ich gesagt habe, sie reden danach nicht mehr von den 10 Aufsätzen, die sie einmal 
geschrieben haben, sondern von den Sachen, oder? Sie haben einmal andere Arbeitsweisen 
kennengelernt, also ich selber habe irrsinnig viel gelernt, muss ich auch dazusagen. Ja, am 
Anfang bin ich mit viel Angst „einigegangen“ und dann wird man immer lockerer und so sind 
die Kinder aber auch geworden. Und es ist immer spannender geworden, bis wir dann zum 
Ziel gekommen sind: Ja eigentlich ist das hochkomplizierte Thema so einfach darzustellen, 
dass jeder „Kindergartler“ das sagen kann. 
 
 
H. As I mentioned before, they (pupils) will not talk about the 10 assays they have written 
(during their last year at primary school) but they will talk about those things (working with the 
Plant scientists investigate – Resources), don´t they ? They where introduced to new 
learning–methods, I myself have learned a lot, I have to say that. Yes, at the beginning, I was 
very afraid and then it became easier and easier and the children also got more relaxed (with 
this way of working in class). And it got more and more exciting until we reached the final 
stage. Yes, actually this very complicated topic is presented in such an easy to understand 
way, that every “kinder garden child” will understand it. 

 

5.2.8. Teacher training seminars and implementation  
 
   The Austrian curriculum does support the teaching based on enquiry based methods. The 
limiting factor and main reason for not conducting enquiry-centred science lessons in 
Austrian primary schools is the lack of competence and self-confidence of the teachers.  
   Therefore we focused on qualifying teachers and Botanic Garden Educators to use the 
developed enquiry based lessons through introducing the materials into the initial teacher 
training and in-service teacher training. 
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  The following list gives a short overview over the conducted and already fixed teacher 
trainings. 
 

Date Audience Number Venue 
12.10.2006 Primary school 

teachers 
8 Innsbruck 

(Tirol) 
15.05.2007 Teacher trainees 32 Salzburg 
22.05.2007 Primary school 

teachers 
8 Innsbruck 

(Tirol) 
05.07.2007 Botanic Garden 

Educators 
12 Innsbruck 

(Tirol) 
Bot. Garden 

23.09.2007 All Austrian initial 
teacher trainers at 
primary level 

10 Innsbruck 
(Tirol) 

10.10. 2007 Representatives of 
the reagional school 
board 

13 Innsbruck 
(Tirol) 

12.10.2007 Primary and 
Secondary School 
teachers  

22 Innsbruck 
(Tirol) 
Bot.Garden 

16.10. 2007 Teacher trainees 9 Innsbruck 
(Tirol) 

16.10.2007 Teachers from 
Primary School Zirl 

7 Innsbruck 
(Tirol) 
Bot.Garden 

17.10.2007 Representatives of 
regional primary 
schools 

4 Innsbruck 
(Tirol) 

20.10.2007 Lower Secondary 
teachers 

30 Vienna 

03.12.2007 Teacher trainees 20 Vienna 
05.11.2007 Lower Secondary 

teachers 
40 Vienna 

10.01.2008 Teacher trainees 20 Vienna 
13.03.2008 Primary school 

teachers 
10 Innsbruck 

(Tirol) 
8.04.2008 Teachers from 

Primary school 
Reichenau 

22 Innsbruck 
(Tirol) 

3.04. 2008 Teachers from 
Primary School 
Kematen 

15 Kematen 
(Tirol) 

9.10.2008  Teachers from 
Primary School 
Rum  

10 Rum (Tirol) 

10.04.2008 Primary school 
teachers 

20 Upper 
Austria 

17.04.2008 Primary school 
teachers 

20 Upper 
Austria 
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5.2.9. External Evaluation 
 
Additionally to the internal evaluation the materials were evaluated by an 
external committee consisting of stakeholders of the science education 
research community, science teachers and the industry. 
 
The committee consisted of:   
Univ.-Prof. Dr. Peter Posch (science education researcher) 
Mag. Gabriele Isak (Head of the training course „didactics in English“) 
Dr. Ingrid Lawicka (Public Affairs & Communication Infineon Technologies) 
Dr. Romy Müller (Public Affairs & Communication Innovations in Mathematic and Science 
Education Trust) 
Mag. Paul Wieser (Federation of Austrian Industry) 
Mag. Dagmar Zois (Institute of school development)  
 
The committee evaluated 91 innovative projects in Austrian science teaching under the 
criteria: 
 

- Innovative character of the idea 

- Implementation of the innovation 

- Sustainability of the innovation 

- Consideration of gender sensitivity and gender mainstreaming 

- Formative and summative evaluation of the project 

The PSG project (the materials developed, the evaluation and the successful implementation 
into the Austrian initial teacher training) was chosen as the most innovative project in 
Austrian science teaching in 2007 and awarded with the IMST (Innovations in mathematic 
and science teaching) Award 2007. 
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5.2.10. Examples for pupils’ questionnaire: 
 
Done before, shortly after and 5 month after working with the teaching and learning 
resources. 
In Austrian primary school curricula there are no particular science lessons. Science is taught 
during “Sachkunde-Lessons” which include “history, geography, science, human health etc) 
In the translation of the questionnaire we stick to the Austrian name “Sachkunde” because 
there is no English synonym for it. 
 
E.g. Pretest 1 
 
General Introduction: 
 
This questionnaire includes several questions concerning your opinion to the topic 
“Photosynthesis. 
 
Read these questions carefully and answer them as good as possible. Ask for help, as soon 
as you do not understand anything or as soon as you are not sure, how to answer the 
question. 
 
1. What is your name 
 
2. Date of birth 
 
3. Are you a boy or a girl (tick yes or no) 

 
4. Are you born in Austria (tick yes or no) 
 
4.a If you are not born in Austria, where do you 

come from ? 
 
4.b. How often do you speak German at home 
       Tick:  always or mostly 
                 sometimes 
  never 
 
5. Do you like to go to school (tick yes or no) 
 
6. Which subject in school do you like most? 
 
7. How do you like “Sachkunde” lessons 
 
       Tick:  
        I like them very much 
        I like them 
        I rather not like them 
        I do not like them 
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8. Which grade did you have in 
“Sachkunde” last year? 
 
9. Which of those following statements 
are correct? 
 
Tick :Fully correct; rather correct; rather 
not correct; wrong 
 
I like learning about science topics 
Learning about science is boring 
Science is boring 
 
10. How do you like various ways of 
learning about “Sachkunde” 
 
Tick: very much; much; rather not, not  
 
� Copying information from the blackboard 
into my note book 
 
� What the teacher doing experiments 
Doing experiment by myself 
 
� The teacher explains how an experiment 
works 
 
� I find out how an experiment works by 
my own 
 
� Working with class mates 
 
� Working alone 
 
� Go and visit a museum, Zoo, Botanical Garden etc 
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11. How often do you watch these TV 
programs or videos? 
 
Tick  
nearly every day; once a week; once a month; 
never 
 
� News 
Videos and Film about nature 
(documentaries, etc) 
 
� Children programs like eg. Confetti TV, 
Sendung mit der Maus etc 
 
� Science programs for children (Forscher 
Express, Willi will´s wissen, Wow- die 
Entdeckerzone 
 
� Sports 
 
� Popmusic (MTV, VIVA) 
 
� Comedies and mystery stories 
 
� Animated caroons 
 
11. Jot down thee names of class mates 
you would like to work with. 
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Second part: questions concerning aspects of the photosynthesis topic 
 
 
1. What do you think happens, if you 
will put a glass above a burning 
candle? 
 
Tick the right answer: 
 
A. The candle will burn brighter 
B. The candle will stop burning 
immediately  
C. The candle will burn a short while 
and will stop burning afterwards 
D. The candle will burn as is did before 
 
Write down what will happen and why 
 
2. Peter got 6 plants as a present.  
He want’s to find out whether they 
grow better under sunny or shady 
conditions. What shall he do? 
 
Tick the right answer: 
 
A. Display all plants at a sunny place 
B. Display three plants at a sunny 
place and three at a shady place 
C. Displace all plants at a shady place 
D. Displace all plants at a sunny place 
but water them carefully. 
 
3. Can humans live in a world 
without plants? Jot down two 
reasons. 
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4. How does Oxygen get into the air? 
 
Tick one  answer: 
 
A. Trees produce oxygen 
B. All green plants produce oxygen 
C. The sun produces oxygen 
D. Animals produce oxygen 
E. I do not know 
 
5. You want to find out which of three 
light bulbs is the brightest. Which of 
the following statements the best to 
find that out? 
 
Tick the correct answer: 
 
A. This light bulb shines very brightly. I 
know the answer already. 
B. All the light bulbs look the same for 
me. I can not give any answer. 
C. It would be good to measure the light 
intensity of these light bulbs 
D. We will vote which shines the 
brightest. 
 
6. What does a plant need to grow? 
 
7. Why are most of the leaves green? 
 
Tick one answer 
 
A. Because birds should not eat them 
B. Because green animals can hide 
more easily in between them? 
C. Because they can collect sunlight 
D. Because the colour tells cows what they should eat 
E. I do not know 



        

EU Project: Plant Science Gardens: Plant Science Education for Primary Schools in European Botanic Gardens 

University Innsbruck, A - Institute of Education, London University, UK - MuseoTridentino di Scienze Naturali Trento, I 
University Botanic Gardens Sofia, BU - Royal Botanic Gardens  Kew, UK  

 

 158 

 
8. How can you proof efficiently that 
plants need water to survive? 
 
Tick the right answer 
 
A) Take two different plants (e.g. a cacti 
and a daisy) and water one plant on a 
regular basis and do not water the other. 
Compare these two after two weeks 
 
B) Take two similar plants and water 
only one on a regular basis. Compare 
the two after two weeks 
 
C) Take two different plants (e.g. a cacti 
and a daisy) and do not water both of 
them. See what will happen after two 
weeks. 
 
D) Take two similar plants and do not 
water them. See what will happen after 
two weeks. 
 
9. I think plants are 
 
Tick one answer which is most 
appropriate for you  
 
� Totally boring 
� Rather boring 
� Rather exciting 
� Totally exciting 
 
10. Would you like to visit a Botanic 
Garden together with your class 
mates? 
 
Tick one answer which is most 
appropriate for you  
 
� Yes  
� I do not care  
� No  
 
Thank you for your help! 
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5.3.11. Questionnaire for school teachers (handout for teac hers’ log): 
 
1.1 How do you think the lesson went? 
1.2. What worked properly and why do you think did it work properly? 
1.3. What did not work? Why do you think this happened? 
 
2. Children’s involvement: 
 
2.1 Were you happy with children’s involvement in the BG lesson (questioning, interaction)?  

2.2 To what extent do you think they were engaged? 

2.3 To what extent do you think the children enjoyed the lesson? 

2.4 What did they like best/least?  

 
3. Learning outcomes: 
 

3.1 What were your intended learning outcomes of the lesson? 

3.2 To what extent did the children understand the main concepts? 

3.3 To what extent did the children achieved the learning outcomes? 

3.4. Were there any particular things you want to mention? 

  
4. Teaching resources: 
 

4.1 Was the background information helpful? 

4.2 Was there enough background information? 

4.3 Were the resources adequate? 

4.4 Were these resources appropriate? 

4.5 Is there anything you would have changed? 

4.6 Were the student sheets adequate? 

4.7 Were the student sheets appropriate? 

4.8 Is there anything you would like to change? 
 
5. Evaluation: 
 

5.1Would you recommend theses resources to other teachers? 

5.2 Why would you not recommend the resources to other teachers? 

5.3 How could we improve these teaching resources? 

 
5.4. What do we have to do to disseminate these resources properly and to motivate 

teachers to use them? 
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5.2.12. Additional Figures: 
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Figure 12-18: Answers of the 
children of specific questions 
on the topic photosynthesis in 
percent (n=84); post = few 
days after the project; post II 
= 5 month after the project;  
 
international = reference 
group 290 Greek pupils aged 
13 after being taught about 
photosynthesis (Marmaroti 
and Galanopoulou 2006) 
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Which part of the plant contains chlorophyll?
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5.2.13. Examples for pupils work: 
 
 
 

 
 
Interview  

 
 
Experiment Modul 1 
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Experiment Modul 3 

 
 
Experiment Modul 4 
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Black board work Module 8 

 
 
Working at the Botanic Garden Module 9 
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Evidence Map Module 10 

 
 
Working outside at the Botanic Garden Module 9 
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5.3. Evaluation Bulgaria 

5.3.1. National Context 
 
 The schools of general education in Bulgaria conduct the training of the children in 
accordance with the syllabus approved by the Ministry of Education and Science. Based on 
this syllabus for each school subject there have been approved several textbooks. The 
teacher/school has the right to select which of the approved textbooks they will use to teach 
the respective subject.  
  In selecting the classes to work with we used a different approach. One class in Sofia and 
one in Varna were selected because of the enthusiasm of the teachers. One class in Varna 
was selected, because in fact it was a matter of the so called ‘elective subject’, in other 
words children with special interest in natural sciences were grouped in it. Two of the classes 
in a Sofia school were selected after a conversation with the director and due to the fact that 
in the school there were integrated retarded children or children with lower intelligence 
quotient IQ. In Varna we decided on a private school – as an example for children with 
different social status. 
 
  All 5 schools are in the so called urban area in Sofia and Varna and they don’t have proper 
outdoor facilities as garden, green field (besides for sport: football, volleyball etc.). For 
example the yard in the “Pencho Slavejkov” school is an inner asphalt yard whit 2 trees in it. 
Taking into the consideration this fact, the Art modules have been designed without using 
any outdoor facilities besides visits in the Botanic garden. 
 
  Teachers’ involved in the project: 6 women and 1 man in Varna and 3 women in Sofia. One 
woman from Sofia and one from Varna were really enthusiastic and those were the lessons 
which we - education officers and teachers presented together. 
Usually children size of classes in Bulgarian schools is about 25. The number of pupils in the 
participant classes varies from 25 to 28.  See overview below. 
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5.3.2. Summary activities  
 
Schools number 

of 
children  

Topic Lesson context including working like a 
scientist - argumentation, observation, 
recording 

     time    arg  obs rec  indoor  outdoor  

25 
1.Collage 80  

min 
☻ ☻  ☻  

25 

2.Musical 
instruments 
– Botanic 
garden visit 

3 hrs  ☻ ☻ ☻ ☻ 

25 
3.Paper 80 

min 
☻ ☻  ☻  

24 4.Gift 80 
min 

 ☻ ☻ ☻ 
 

24 
5.Trees 40 

min 
☻  ☻ ☻  

25 
6.Sourvachk
a 

80 
min 

 ☻ ☻ ☻  

25 
7.Fruits and 
vegetables  

80 
min ☻  ☻ ☻  

25 8.Dying 80 
min 

☻ ☻ ☻ ☻  

25 9.Coloration 
– BG Visit 

3 hrs  ☻ ☻  
☻ 
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25 
10.Botanical 
board game 

80 
min 

☻   ☻ 
 

26 
1.Collage 80  

min 
 ☻  ☻  

26 

2.Musical 
instruments 
– Botanic 
garden visit 

3 hrs  ☻  ☻ ☻ 

26 
3.Paper 80 

min 
 ☻  ☻  

26 
4.Gift 80 

min 
 ☻ ☻ ☻ 

 

26 
5.Trees 40 

min 
☻  ☻ ☻  

26 
6.Sourvachk
a 

80 
min 

 ☻ ☻ ☻  

26 
7.Fruits and 
vegetables  

80 
min ☻  ☻ ☻  

26 
9.Coloration 
– BG Visit 

3 hrs  ☻ ☻  
☻ 
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– 
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26 
10.Botanical 
board game 

80 
min 

☻   ☻ 
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Schools number 
of 

children  

Topic Lesson context including working like a 
scientist - argumentation, observation, 
recording 

26 
1.Collage 80  

min 
☻ ☻  ☻  

26 

2.Musical 
instruments 
– Botanic 
garden visit 

3 hrs  ☻  ☻ ☻ 

26 
3.Paper 80 

min 
☻ ☻  ☻  

26 
4.Gift 80 

min 
 ☻ ☻ ☻ 

 

26 
6.Sourvachk
a 

80 
min 

 ☻  ☻  

26 
7.Fruits and 
vegetables  

80 
min ☻  ☻ ☻  

26 
8.Dying 80 

min 
☻ ☻ ☻ ☻  

26 
9.Coloration 
– BG Visit 

3 hrs  ☻ ☻  
☻ 

73
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V
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” 

– 
“3

 v
” 

cl
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26 
10.Botanical 
board game 

80 
min 

☻   ☻ 
 

 
 

5.3.3. Case Studies 
 

5.3.3.1. A. SES “Pencho Slaveikov” 
 
  This is one of the oldest metropolitan schools; it is located in the very center of the city. The 
building is in the form of a square and it surrounds the yard of the school on all sides. The 
yard is asphalt-paved and there are two trees in it. There are bars on the windows on the first 
and second floors to keep the glass from breaking when the children play ball in the yard. 
The school is near (some 10 minutes walk) the University Botanic Garden. 
 
  Our partner in this school was Rosi Slavova – the teacher of grade 4B (10-11 years of age). 
 

1.Teaching resources 
 
  The classroom faces north and almost all through the day the children work under artificial 
lighting. There are several unpretentious plant species in it. There is one computer with 
internet access, which the children primarily use in the recesses to listen to music. There is 
no multimedia in the school. The tables in the room are trapezium-shaped which provides 
good opportunities for rearrangement (even to place them in a circle) depending on the 
objectives of the lesson. 
 



        

EU Project: Plant Science Gardens: Plant Science Education for Primary Schools in European Botanic Gardens 

University Innsbruck, A - Institute of Education, London University, UK - MuseoTridentino di Scienze Naturali Trento, I 
University Botanic Gardens Sofia, BU - Royal Botanic Gardens  Kew, UK  

 

 171 

 
  
 The room is used by this class in the morning and by grade 8 students (14-15 years of age) 
in the afternoons. 
 
  Access to technical equipment such as printer, copying machine scanner and others is 
small even in the private schools. The available equipment is used primarily for 
administrative purposes. In practice the teachers use Xerox services out of school and pay 
for them. Under the project all necessary materials (including copies of the working sheets 
for the children) were provided by a representative of the Botanic Garden. The conducting of 
Modules 3 “Making of Paper” and 8 “Dyeing” was impeded because of the lack of a wash-
basin in the classroom.  
 

2. Dissemination of the project in school 
 
  Several teachers from neighboring classes have taken part in class on an invitation on the 
part of the teacher – Rosi Slavova or by chance. A teacher substituted for Miss Slavova 
when she was ill and conducted Module 10. All teachers showed interest in the modules and 
received from us a working variant of the modules, leaflets about the project, as well as the 
coordinates of our website – for future information. Some teachers wanted us to conduct 
modules 2 and 9 (in the Botanic Garden), with their students which we did. 
 

3. Teachers’ involvement in design of units 
 
  Rosi is one of the most enthusiastic teachers we have worked with. She has almost ten 
years of experience with primary school children. She takes interest in new educational 
techniques and has participated in the “Step by Step” Project, through which there is sought 
an individual approach towards the children according to the capabilities they have 
manifested. She has helped us tremendously in formulating the questions so they would be 
more accessible and understandable to the children. She gave us valuable links for sites – 
primarily methods for using different figurative techniques, as well as beautiful pictures of 
ornamental objects made of natural materials. From the feedback provided by her we 
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learned what supplementary information the teachers need in order to be able to conduct the 
modules on their own. Several specific ideas included in the modules arose from our 
conversations with her. Example, while discussing the pigments contained in plants we 
should ask the children of their experience – whether they have ever stained their hands or 
clothes with some plant. The task to make a model of a deciduous tree – two-dimensional, 
and of a coniferous tree – three-dimensional, was her idea. She had observations that the 
children at this age have difficulties in classifying the group of trees and in this way we 
accentuated on the most general form and, thus, stimulated them to also examine the other 
characteristic features of the trees. 
 
  Miss Slavova is also the only teacher we have worked with who read the modules (in their 
draft variant) of the other teachers in the project and gave us feedback as to what and how is 
most applicable in Bulgaria. 
 
   In the lessons with her children she let the Education Officer present the forthcoming 
module to the children and she took part in the forming of the small groups, monitored the 
work of the children, maintained the discipline, and also was apt to making spontaneous 
changes when necessary. She came up with the idea that in the “Fruit and Vegetables” role 
play for grade four children they would participate more actively by taking the role of a 
journalists posing questions with improvised microphones and taking notes of the answers. 
 

4. Details about children 
 
  There are 25 children in the class – approximately even number of girls and boys. The 
children live primarily in the area of the school. And since this is in the downtown area of the 
city, most members of the families of these children have been born in Sofia. In fact, this is 
an average statistics class – children with various interests, different capability and desire for 
concentration – at one and the same age. 
 

5. Activities in school lessons 
 
  The school year started with Module 1 “Collage of the Class”. We provided the children with 
everything they needed including herbarium leaves prepared in advance, paper etc. During 
the arrangement of the collage there was a discussion referring to the form of the leaves and 
more specifically which leaves belong to what tree. For each small group we had prepared 
different leaves intentionally, e.g. Acer Palmatum. Almost immediately a boy took the leaf for 
a cannabis leaf and until the end of the period the discussion was dedicated to discussion of 
cannabis; what it looks, how is it ‘used’ and whether it can be seen in the Botanic Garden. 
Both the Education Officer and the teacher had prepared enough information in advance on 
this topic and at the end of the day we agreed that the children would see the Acer Palmatum 
during their forthcoming visit in the Garden. 
 
  During Module 4 – ‘A gift for a friend’ we were highly impressed by 3 boys who usually 
(including in other lessons) misbehaved and showed they were bored at times, but they took 
an active part in this activity. They were impatient to make beautiful objects and showed 
keen observation to do so. The time allocated for this module was not enough for the 
children to see all of the seed specimens provided by the Botanic Garden and, because of 
this in the final version of the module the duration was increased. “The observation of a 
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variety of seeds and experimenting to determine whether they contain essential oils aroused 
the curiosity of the children on the topic and stimulated future research work.” 
 

6. Children’s learning  
 
  The knowledge of the children throughout the whole project has not been evaluated in any 
way by the teachers. Nevertheless, the general impression is that at the end of the year they 
knew more about the plant world than their peers.  
  At the end of each period the Education Officer reviewed the working sheets to see to what 
a degree the children had managed, what had impeded them and whether there was any 
incomprehension in principle on some of the topics. This led to some reformulation of 
questions in the final version of the modules. Example: ‘What is specific in the structure of 
the plants growing in different habitats?’ to ‘Which are the specific characteristic features of 
the leaves, stem and roots of the plants growing in: sand, soil, water?’ 
  Children were inclined not to answer some worksheet questions that they found too difficult 
or simply due to lack of interest. Since their teachers took no part in evaluation it was difficult 
to motivating children to behave otherwise. 
 

7. Activities in botanic garden lessons 
 
  The children were looking forward to the visit to the Botanic Garden. Their first visit, at the 
beginning of autumn, was to see the Botanic Garden and focus on looking at different 
habitats. The children did not find this part of the lesson very attractive. When, however, they 
were given the materials for making a wooden musical instruments and it provoked them to 
look at specific species and their habitats. During their second visit, at the end of spring, 
there was an obvious difference in their knowledge on the specific species in the garden, and 
a high rate of recollection of their previous visit. They simply loved the opportunity to observe 
flowers with magnifying glass. Some children saw magnifying glasses for the first time and 
they used the occasion to examine other things – insects, the rocks in the rock-garden, the 
structure of the bark of the oak, even the lines on their palms. Some of the children later 
bought themselves a magnifying glass. 
 

5.3.3.2.. 73 SES “Vladislav Gramatic” 
 
  The school is located in the southern part of the city some 30-40 minutes drive from the 
Botanic Garden. The school was built during the era of socialism when the Russian language 
was taught there. At present it is a German Language High School. It has good resources: a 
computer hall, a cookery room, a lift for handicapped children, a large yard with a baseball 
field. At present there are some restitution claims for part of the yard. In this school we 
worked in two classes: 3B with teacher Svetla Dimitrova and in 3V with teacher Veneta 
Vasileva.  
 

1. Teaching resources 

 
  The classrooms of the two classes are similar – well lit and sunny. The children sit in pairs 
at ergonomic desks, which are comfortable to write on. Sometimes they do prefer to work on 
the floor as the desks are not flat. The rooms are not used by other children. 
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  The teachers have no access to computers, printers or a copy-machine in the school. 
 

2. Dissemination of the project in school 
 
  The management of the school received a leaflet advertising the project. The teachers told 
their colleagues from the primary school about the project. Some teachers became 
interested in participating in the experimental stage of the project. 
 

3. Details about children 
 
  The two classes have 26 children each and both classes have 2 children with learning 
difficulties. The children live primarily in the area or wish to study German and Russian 
languages (usually English is taught in the primary schools in Bulgaria). The classes consist 
of approximately similar number of boys and girls with diverse social status. 
 

4. Activities in school lessons 
 
  The modules were held in parallel in the two classes and we started lessons in September 
2006. Each module was arranged in advance although there was always the possibility of 
cancellation because of the syllabus or extracurricular activity. This apparently burdened the 
teachers and with the near the end of the first school term we missed a module in one of the 
classes. During the second term, in the other class, the teacher refused to use one of the 
modules. 
 
  The two classes had no experience in group work and the very situation in the rooms 
presupposed a static position for the children. We conducted the modules in accordance with 
our ideas for work in different types of small groups, yet the very grouping was difficult and 
obviously unacceptable by the teachers. The inclined desks were inconvenient for the gluing 
of the collage, for the making of the decorated cornel twig etc. This, however, did not 
diminish the enthusiasm of the children in the least.  
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  The discussion between the children had constantly to be encouraged by the Education 
Officer even if this contradicted with teacher’s desire for there to be silence in the class. The 
necessity and the role of working in small groups is unknown to the teachers from the ‘older 
generation’, therefore, we put emphasis on its significance during the CPD training. Those 
incapable of discussion instead asked questions of the botanic garden educators. 
  It was convenient there was a cookery room at the school which, despite the fact it was not 
used by children from the primary school, was available completing Module 3 “Making of 
Paper” (there was even a mixer in it) and Module 8 “Dying with Natural Dyes”. 
 

5. Children’s learning 
  
  It was the first module in the beginning of the school year that obviously impeded the 
children and they could not cope with the work sheets. The fall topic was difficult for them 
and because of this the Education Officer had to improvise and presented a story about a 
tree. After this improvised role play the children went back to the work sheets in order to 
again reconsider the concept map in it. The last module, Our botanical game-revision, 
enabled us to see how many things in fact the children had learned, how many things had 
impressed them and their enthusiasm for taking part in the activities throughout the year. 
One of the most impressing things was the making of recycled paper. A little girl had even 
prepared ‘a recipe’ at home for the recycling of paper and she had made copies of it for her 
friends. The recipe ended with the appeal: “Recycle paper, save the trees!” 
  Other topics for this project helped to give greater meaning to what children had studied in 
other school subjects e.g. geography. The children knew about the distribution of different 
tree species in Bulgaria, yet only after focusing on the adaptations and characteristic features 
of a trees on their own did they give an explanation as to its geographical distribution. 
 

6. Activities in botanic garden lessons 
 
   The classes had not visited the Botanic Garden before (except for several individuals). The 
first visit was organized during extra-curricular time and the two classes came to the garden 
together. Despite our explicit request for there to be parents to assist with the day, the two 
mothers who came did not undertake the role of assistants (this practice is not widespread in 
Bulgaria and work on its establishment and, respectively, on the appreciation of its important 
role in the process of learning is forthcoming).  
  The unexpected bad weather also showed us we did not have an indoor work area at our 
disposal which was both big and comfortable for lessons.  For the first time the children held 
a piece of bamboo in their hands but because there were no assistants to help with use of 
knives, they were unable to make flutes.  However they, discovered for themselves that the 
hollow stems resonated well and experimented with different sounds. 
  The second visit to the Botanic Garden, which was dedicated to the “Pollination” topic, 
impressed not only the children, but also the teachers. As feedback Ms Dimitrova shared 
with us that, until then, she had never seen such a clear presentation of the structure of the 
blossom. The magnifying glasses were once again an attraction for the children, who kept 
showing each other their ‘discoveries’ and ran after butterflies.  
  At the end the children said that they would like these modules to continue during the next 
school year, because this had been one of the most interesting things for them. 
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7. Observations in classrooms 
 
Can the children use 
enquire centred 
materials? 
 
 
 

Children do have some experience working with enquire centred 
materials but it was new for them to use argumentation. It was 
necessary to encourage them to think about different issues and 
to argue. We observed this process and at the end of the project 
they had better argumentation skills. 

Do they match the needs 
of primary science 
curriculum? 
 
 
 
 

The Art unit was developed for the Bulgarian curriculum in 3rd 
and 4th school classes. 
Sometimes modules were presented after the ordinary lesson 
and it was easy for children to learn the keywords and 
processes. Some modules did not fit into the school programme 
e.g. in ordinary text book the topic of leaf fall is done in spring 
and not autumn. 

Can they engage in 
discussions? 
 
 
 

Children have to be learned to do this. They had no experience 
of argumentation or listening to the opinions of others. They had 
to practice these skills during the testing period but still teachers 
needed to encourage them. 

How do we find out if they 
can do things using 
formative assessment 
tools in project? 
E.g. concept Cartoons  
 

Our first concept cartoon was difficult both to 8 and 10 year old 
children, and we added a story to help them to get the idea. 
Besides this example it was easy to learn the processes through 
these tools. 

 

8. Video observation 
 
Engagement with 
materials  
 
 

Children were exited to work with plant materials. Some of the 
children – so called “bed learners” - made unexpectedly nice gifts with 
seeds for example.  Also children with low IQs were really engaged 
with different art task.  
 

Collaboration 
work/group work 
 
 

Children were happy to work in small groups with their friends. These 
kinds of groups were an alternative way of grouping because usually 
teachers divide children formally and leaders in small groups did not 
allow some of the children to participate at all. 
 

Comments by 
children about work 

Comments were mostly emotional, using words “like, love, nice, 
pleasant, new, interesting”. 
 

Listen to each other 
and discussion 
 
 

They had no experience of arguing and consequently no experience 
of listening to other opinions. Whether classes had better experience 
of using discussion depended on the teacher. 
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Evidence on 
worksheets 
 
 
 

Children do prefer worksheets with more different tasks on them. 
Sometimes they skipped some of the answers because they did not 
“have enough time” but finally when they wrote down “The things I’ve 
learned today” – we saw that they had got the point.   
 

Articulation or use of 
language; use of 
scientific terminology 
and language 

Children enjoyed using “scientific language” although they couldn’t 
remember some of the words in the next lesson. 

Asking questions 
 
 
 

This was difficult task for them. In the Art unit there is a module 
designed specifically to encourage questioning skills. In practice we 
observed that children preferred to guess not to ask. It was easier for 
older children to formulate questions. 
 

Emotional impact of 
activities 

All the Art activities were accepted emotionally by the children. 
 

Recording and how 
children recorded  
(writing, drawing) 
 
 

Children were not exited by having to write answers or information. 
Actually most of them had very good writing skills. Using drawing as a 
way of recording was interesting when there is some ‘challenge’ – 
e.g. to drawn three trees using geometric shapes. 
 

Argumentation/discu
ssion 
 
 
 
 

These skills are not well developed not because it is difficult but 
because children have no opportunity to develop them in other 
lessons. Depending on how often teacher encouraged children to 
discuss and argue, children used more scientific language.   

 
 

8. Resource use/ teacher satisfaction 
 
“A significant aspect is that the module does not parallel the curriculum. In this way it is a bit 
harder for the children to comprehend the new information. There is a gap between the 
syllabus in pervious years’ and this year’s one.” 
 
“The observation of a variety of seeds and experimenting on whether they contained 
essential oils aroused the curiosity of the children on the topic and stimulated future research 
work.” 
 
“Maybe there should be more work with natural products in schools.” 
 
“The use of magnifying glasses develops the observation ability of the children, which 
arouses their interest and their knowledge was given a practical purpose.” 
 
“Conducting the two modules in the botanical garden exerted an exceptionally positive 
impact. The children were impressed by the preliminary walk through the garden and by 
getting acquainted with the different plant species, their habitats and different adjustments to 
life. The conclusion is that work close to nature motivates and creates an insight into beauty 
and towards conservation of nature and an understanding of ecological issues. On the next 
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day they transferred all this into school. This is an integral lesson and it is good to use it in our 
work.” 
 
“The participation of the children during the modules was active and they derived great 
pleasure from the lessons. Joy sprang mostly from the fact that they had to be creative 
themselves and to create ‘works of art’ of their own, as well as to use a variety of materials.” 
 
“The Project has played its role: 
1. Because the children had additional classes 
2. Strengthened their group work skills  
3. The contact with nature was very close 
4. The meetings, emotions and contacts that took place between the BG educator and the 
children were extremely valuable. These sort of experienced are needed by young people 
and had them this year.” 
 
“These methods are very useful in my opinion. I think they should be shared with teachers in 
other schools, because they can only be of help to them.” 
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5.3.4. Examples for pupils work 
 
73 SES “Vladislav Gramatic”, 3b 
 
Module 5: Making model of a tree specimen 
Ginkgo 
 

 
 
Drawing coniferous and deciduous trees by geometric shapes 
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D. 73 SES “Vladislav Gramatic”, 3v 
 
Module 9: Observation in Botanic garden 
Flower structure 
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Module 10: Botanical board game 
Questions for the game 
 

 
 
 
1 SES “Pencho Slaveikov” 
 
Module 9: Observation in Botanic garden 
Different leaf shape 
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5.4. Evaluation Italy 

5.4.1. European and national context: 
 

  The purpose of this 2 year project was to use and to promote botanic gardens for the 
teaching and learning science with children of 9-10 years of age in primary schools.  
 
  The four topics that the partners developed emerged from a preliminary questionnaire 
administered to teachers in schools participating in the project.  These teachers were 
selected because of their personal motivation, experience in initiating educational 
experimentation activities, or colleagues who taught a range of subjects’ e.g. scientific-
mathematical, humanities-literary area, so that they could all work in an interdisciplinary way 
together on the project. In addition we selected the schools to reflect the different climatic 
and territorial conditions so that we could work on different species and on different habitats.  
 
Were select 4 Comprehensive Institutes of four different zones of the Trentino region:  
 
I.C. Predazzo - primary school of Ziano di Fiemme (3 classes: 4 ^, 5^A and 5^B)  
I.C. Riva 2 - primary school of Varone (2 classes: 4^A, 4^B)  
I.C. Trento 3 - primary school “De Gaspari” (4 classes: 4^A, 4^B, 5^A, 5^B)  
I.C. Bassa Val di Sole - primary school of Caldes (1 class 4 ^)  
 

5.4.2. Methodological approach 
 

“The scientific research consists of solving problems”…  
“… life is constituted by problems to solve…”  
“… to learn to solve problems means to learn to live…”   
       Karl Popper  

 
   For a long time Italian school have complained that students’ scientific skills are worse than 
the expected level. This can be attributed to structural and organizational barriers, initial 
teacher training and professional development of teachers in-service. Children also lack 
interest and are not motivated to learn science. It is our conviction that, all things being 
equal, it is pedagogy that can be changed to encourage and motivate children to learn 
science.   
 
   The transmission mode of teaching (teaching from the front) followed by a test (which 
simply asks children to repeat what was in the lesson) doesn’t allow children to take 
ownership of their learning process, understand what they are learning or develop skills as 
they learn.  Teachers do not ask questions that arise from children’s own needs.  Often they 
ask closed questions which only have one answer that the children either knows or doesn't 
know (e.g. what is the temperature of boiling water?); in this way science in school is based 
on “declaratory knowledge” and never on procedural or the children’s ability of plan which are 
necessary in many contexts to develop competence.  
 
   Intentionally during this project, children were put in situations in which they could observe, 
reflect, ask questions, associate, hypothesise, sustain their own opinions and argue to try to 
convince others through reasoning. They were encouraged to make decisions based on the 
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best reasoning of classmates, plan an evaluation of their own and other peoples’ hypothesis, 
practice collaboration in cooperative groups, record data, reflect on the validity of that data or 
their results depending on the circumstances and evaluate the own learning process.  
   
   Working in class was not enough, they carried out these activities in the surrounding area, 
in the local community and the family become the new “laboratory” where they studied and 
investigated.  
 
In this project the pupils become responsible for taking decisions in an autonomous way, to 
act independently.  To maintain consistency with this education project, they also had to be 
able to reflect on their own behaviour and evaluate it, because in this way it was possible for 
them to increase their own motivation. Pupils felt themselves “subjects in learning” in a 
“community of learning” and not “objects in learning.”  
 
  A problem we identified was the difficulty inherent in distinguishing between the concepts 
that can be “teachable” and/or “learnable” and concepts that cannot be “teachable” and/or 
"learnable”.  The theme of “biodiversity and conservation of plants” and linked concepts, 
seems to be a difficult theme for 9-10 year old pupils.  
 
   These difficulties were overcome by remembering the scientific methodology relevant to 
science concepts and by concentrating on the follow concepts:  
 

a. activate children’s long term skills and behaviours (procedural, methodological, 
behavioural); 

 
b. skills educational and the tools used.  
 

  The methodology used had a “phenomenological” approach - in relationship to the content - 
and “operative” approach - in relationship to the method. The operative approach was not 
only hand-on but also cognitive: the laboratory has not just a physical place, more or less 
equipped, but a space/time to exercise children’s own thoughts. Each child working in a 
group reacts at the cognitive level but also at the social, relational, affective and emotional 
level.  
 
Teaching methodology was a mixture of teaching how to find information and teaching 
scientific  concepts. To which end we designed various teaching activities that would bring 
about learning; role-play games, small cooperative group work, planning for experiences, 
discussion, work out door and use of the botanic garden.  
   
 In all of the schools participating, the learners were influenced positively by working with 
plants out-of-doors. All of the children had opportunities to show their own abilities in many 
situations. Overcoming obstacles, e.g. lack of attention, lack of interest in class and shy 
children who were fearful of expressing their own opinions, was important.  
    
The teachers really appreciated small group work in which there were a number of 
components which varied according to the different activities. We found an improvement in 
the social integration of children who were usually marginalised, especially during role-play 
games in which it was fundamental that every character understood and carried out the 
activity for that character.  
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   We wanted to give every pupil an opportunity to acquire knowledge and we tried to link 
their “recalled memory” and “elaborated perception” in order to construct new knowledge 
based on the progression of their own conceptual understanding. Children were faced with 
problems and concepts that they knew nothing about which provided cognitive conflict, 
motivated them to do research and find information so that they could give explanations.  
    
   Teachers tried to make link “culture” and "common sense", in a number of ways so that 
children had some idea of the context for the activities: every child recognised, interpreted 
and elaborated on the facts according to his/her mental models, using what he/she knew to 
interpret what he/she saw. Small group discussion was a time when children discussed their 
ideas, used reasoning and developed culturally.  

 
“… It is useless to show the truth to someone. To convince someone you needs to pick up 
where he is; and then to look for a proper road to conduct him/her where we are…  
     (Wittgenstein)  
 
  The proposed experiences were selected not only on “disciplinary" criteria (because of the 
cross curriculum links to many subjects), but on cognitive accessibility: which allowed 
meaningful learning of a topic considered “difficult.”  

 
From the procedural point of view, teachers were guided but their actions were not tightly 
proscribed, children had the opportunity to work like a scientist autonomous and with 
understanding; this allowed them to critique the results that came from own research and 
from other scientific researchers (in different experimental conditions, other’s results).  

 
From the point of view of PSHE (Personal, Social and Health Education) the pupils worked 
responsibly and acted or made choices autonomously. They reflected on the importance of 
every subject physical/social/economic/politic involved in maintaining the natural equilibrium 
and on the meaning of “health” and “welfare” linked to the quality of environment conditions 
and of social relationships. Children also reflected on own responsibility, identifying and 
practicing behaviours and attitudes in line with objectives they acknowledged.  
 
   During the work in class and out-of-doors there were opportunities to practice some social 
skills relevant to civic and democratic actions (to criticise the ideas but not the people, to talk 
one to another).  
 
  The ways in which the activities were managed were common to each of the 4 school 
involved. All the classes worked on all modules of the conservation unit.  
 

5.4.3. Case Study  
 

   Since the beginning of project the conservation topic has been perceived by the Italian 
work group (teachers) as “very engaging” both from the scientific-disciplinary point of view 
and from the point of view of the didactic mediation. There were no other previous activities 
on this topic available so the project was designed ex-novo by the national work group.  
 
   After a first phase of the teachers’ involvement and mutual understanding of the level of 
knowledge on this topic (by discussion, concept maps...) a phase of formation followed 
during which there was sharing of concepts on which classes should  work, the ways of 
working, the aims, the times for each activity. The teachers were given some guidelines, they 
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shared the teaching methods, the construction of the tools, the timing and the different 
activities. The national work group identified some tools (role-play games, experiments, field 
trips) that were subsequently expanded by the experts at the museum. The national work 
group also selected a number of species at risk of extinction for each school to adopt. The 
choice was made according to:  
 
• presence of the plants in the local area close to the school and the potential for children 

to reach it.  
 
• presence of flowers and fruits on these plants in the autumn season or at beginning of 

the school year.  
 
The adopted species were:  
 
• Inula Britannica for Primary School “De Gaspari”-Trento (growth site: Terlago lake);  
 
• Silene Armeria for Primary School of Caldes (growth site: Termenago);  
 
• Myricaria Germanica for Primary School of Ziano di Fiemme (growth site: along the river 

Avisio in Pozza di Fassa);  
 
• Euphorbia Niceaensis for Primary School of Varone (growth site: olive field on Brione 

Mountain in Riva del Garda).  
 
The execution phases of project were divided in the following way: sharing of the language, 
extinction, germination and biodiversity. The management of work with classes and the tools 
used during the activities were modified and adapted after the first experiences with classes.  
 
The case study shown below is an example of the work of a class involved in the project (4A 
class of "De Gaspari" primary school) drawn from the report of a teacher (Renata Attolini), 
which has documented the group and class discussion by recording and subsequent 
rewriting the argumentations. Of all the activities, were chosen 8: 
 

5.4.3.1. Module 1: Plant vocabulary  
 
"4 classes of the same institute went to the first field trip in Gocciadoro park. We are divided 
into small groups and  
 
1. We observe nature and in particular some plants: trees, shrubs, herbs;  
2. We choose a plant and observe its basic structures: flower, stem, leaves and roots  
    (if are visible);  
3. We describe it and made a drawn;  
 
Thanks to some cartoons (worksheet c4) we have the opportunity for group discussion 
and we understood that if we wanted to describe a plant we have to know and to accord on 
the same words otherwise other people can't understand you. After that we were able to 
describe the plant and make a drawn." 
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Figure 1-2: filling of worksheet C4 
 

5.4.3.2. Module 2: Plants grow  
 

1. "We see different habitats: woodlands and open field to check if there are the same 
plants; 

 
2. we debate on climatic factors: condition of light / shadow, humidity / dryness, different 

type of soil;  
 
3. we debate on abiotic factors necessary for survival of a plant and how is possible to  
 
4. cultivate it in the classroom (in which humidity, temperature, light conditions, soil). 
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Figure 3-4: filling of worksheet C6 
 
Thanks to 2 images of a plant before and after (worksheet c6) we discussed on causes that 
can influence the plant survival and we decided that there are many different factors that 
could influence the survival of a plant: too much water, dryness soil, pollution, too much hot 
or cold, pest. 
 
Another image represent a plant cut in 
different parts (worksheet c6) and we 
discussed on the function of plant 
structures. If we cut the leaves to the plant 
Giulio said that the main function of 
leaves is to take the light and the plants 
without the leaves it will die. All 
classmates were agreed with him. 
 
If we cut the roots of a plant we thought 
that the plant couldn't feed because don't 
absorb anything from the soil and also 
that plant don't be able to stand, because 
the roots hold anchored the plant to the 
ground. 
 
 
If we cut the flowers of the plant we 
thought that the plant will be not able to 
make the fruits, and then there would be 
the seeds and the plant could not 
reproduce.  Figure 5: filling of worksheet C6 
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This card invites us to reflect on the specific functions of different parts of the plant.  
The commitment for the future will be to investigate on this." 
 

5.4.3.3. Module 3: Extinction (Botanic Garden activ ity)  
 
"We played a role game in which we represent different plants in which we have to 
understand the resources they need each plant. Each of us receives a card with the name of 
the plant that have to personify and a description of its vital needs. In addition there are 
consigned of colored cards that represent "resources" nutrients, sun, water and sites where it 
is possible our survival.  
 
During the story of the game happened some events that caused for some of us loss of sites 
growth, for other caused gain of growth sites and other plants went extinct. We understood 
that extinction of rare plants is very dangerous for all the world and the causes are many: 
natural and by human, but sometimes also human beings can protect nature and have 
respectable behavior for the environment. 
 

 
Figure 6-7: filling of worksheet "outcomes of role game" 
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Thanks to images of a landscape to arrange in 
logical order (worksheet c8) we talked about 
human actions which disrupt an environment. 
 
The mountain is "attacked" by humans which cut 
down all the trees. When the mountain, almost 
naked, was hit by a torrential rain, there was a 
landslide.  
The tangled of the roots is important for the 
detention of soil.  
 
In the sixth box we imagine that the seeds carried 
by birds could bring a new forest into existence." 
 
 
 
 

 
 
 
 

Figure 8: filling of worksheet C8 
 

5.4.3.4. Module 4: Quest for threatened plants  
 
"…we check the Trentino red list of endangered 
plants to find a specie that grows in our territory. 
This specie will be the subject of study all along 
the project, we identify and describe the 
development zone, the ecological conditions, the 
requirements for the survival and risk that 
threaten it. Also we try to define why we can give 
our contribution to its survival. The chosen plant 
is called Inula britannica and is located on the 
shores of Terlago Lake. 
 
The concept cartoon invited us to reflect on 
causes of death of some plants, each group 
present their opinion:  
 
Alice: in our point of view the correct answer is B 
because a plant today often dies for pollution. 
Also natural events like snow or very strong rains, 
intense sun can hurt and then plants without 
repair will die. 
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Maddalena : we believe that it was not the B because winter is not a result of pollution. We 
choose answer A because of plants are dying and may be at risk of extinction.  
 
Nicolò: we think that B it's correct because it's the most intelligent. These plants  
grow near an industry and it's obvious that they are dying for pollution and also because is 
winter time.  
 
Florian: we think it is B because the child says that is winter and there is pollution and these 
may be the reasons for dying plant. Figure 9: worksheet C11 
 
Elisabetta: We think that are correct both A and B .  
 
Teacher: in your opinion the answers are mutually exclusive?  
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5.4.4. Annex 1: Aims set up by the national group 
 
1. AIMS, EVALUATION AND RESULTS 

 
   In the first meeting of the national group, the aims were selected for the first phase of 
research and experimentation. The following aims were evaluated (ex ante and ex post the 
project) with regard to scientific, social and formative assessment methods. Each school 
selected some aims considered more suitable to their own context.  
 
1.1. General purpose international level:  

 
• To promote the interest of the boys and girls  toward the world of the science and to 

increase the motivation to the study sciences (evaluation through questionnaire “Why 
study science”)  

 
• To experiment with new methodology to teach plant science in primary school through 

a multicultural cooperation and using the resources of a botanic garden.  
 

1.2. General purpose for the Italian project:  
 
• To discover what problems are linked to the extinction of plant species.  
 
• To identify and to assume personal and collective behaviours to safeguard this 

patrimony (evaluation through observation of behaviours at different times e.g. 
breaks).  

 
1.3. Aims:  

 
The aims were separated in categories that are tightly linked to facilitate its analysis in 
the evaluation:  
 
• FORMATIVE/RELATIONAL by observation of teachers and accomplished by filling in 

a table, Moreno's test and questionnaires (see annex):  
 

1. To experiment successfully and to consolidate children’s self-esteem through the 
activities proposed (evaluated through particular questions, see annex);  

2. To develop awareness of the problems relating to the environment and behave 
respectfully to the environment.  

3. To listen actively, to collaborate with the group, to respect roles and times, to 
discuss, to criticise ideas but to accept peoples views, to appraise their own and 
other people's input into the group, to increase socialisation, cohesion and 
integration of the class.  

 
• TRANSFERSAL AIMS AND METHODOLOGY USED by observation of teachers and 

accomplished by filing in a table, evaluation of the end products elaborated by each 
school - presentation in Power point, DVD, and documents such as diaries (see 
annex):  

 
1. to observe, describe, document and communicate in effective way using specific 

language and computer technologies;  
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2. to define correctly a problem and formulate reasonable hypotheses, to plan 
procedures to verify hypotheses;  

3. to argue for sustaining individual points of view and to change the opinion other 
people's reasoning;  

4. to generalise and to transfer knowledge into different contexts;  
5. to consult books and web sites to research information and to know how to 

recognize the “key words” to acquire information and reach an objective.  
 

• SCIENTIFIC OBJECTIVES by teachers’ observations during children’s discussions and 
analysis of worksheets at the end of each activity and after “Extinction” and “Germination” 
phases, elaboration and reflection after the activities, analysis of tests done by pupils, 
analysis of documentation and presentation of the project to parents, final test (see 
annex):  

 
1. to recognise some typical plants and those at risk of extinction in their local 

area;  
2. to recognise and to describe structures and functions of these plants; 
3. to recognise and to describe risks to the reproduction of plants;  
4. to recognise human responsibility for the impact of atrophic activities on the 

environment;  
5. to understand both the importance of conservation of endangered species and 

the organisations set up for this purpose (botanic gardens, natural parks, 
provincial forestry department, natural history museums, environmental 
associations);  

6. to describe and propose ways to preserve plants; 
7. to understand the functions of botanic gardens and particularly the function of 

a seed bank.  
 

1.4. Results  
 
The results, inferred by tests, self evaluate questionnaires by pupils, structured observations 
by teachers in class and out-of-doors, diaries, teachers’ reports and analysis of the videos 
recorded during the activities are very encouraging.  
 

a) Questionnaire of students perceptions and analysis of the videos (comments by 
children)  

 
   The pupils (except a class that usually worked out-of-doors in research groups) 
perceived the activities as different from the usual because they collaborated with each 
other, they discusses a lot, the teacher taught in a very different way and they could 
express own personal opinion at all times.  
 
   They said that they enjoyed interacting with their classmates, working out-of-doors 
and engaging in hands-on activities, engaging in discussions and expressing their own 
opinions, hypotheses, or solutions.  
 
   During the development of the activities they felt able to understand, able to listen, to 
participate, skilled, untroubled, confident, responsible and autonomous.  
 
   They felt the work as interesting, profitable, enjoyable, pleasant, comprehensible, 
hands-on, seemingly effortless but engaging.  
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  In the future they wanted more time for group discussion and to work out-of-doors 
much more. About half of the children wanted to resolve problems autonomously 
without teacher mediation but others wanted more help from the teacher.  
 
   Almost all pupils felt that they had contributed positively to the work (offering their 
own opinions, contributing to the resolution of problems).  

 
b) Observations, evaluation of teachers during and at the end of the project and 

analysis of the videos:  
 

   The teachers observed children’s behaviour in class and out-of-doors; evaluating in 
itinere and at the end identified some scientific skills (table of observation during group 
work and the role-play games, discussions stimulated by the concepts cartoon, play-
decide game, during reasoning, argumentation and making hypotheses). 
 
The pupils showed they were able to describe a plant and to recognize different 
species in the field (besides the adopted endangered specie). From video analysis, 
pupils showed that they could use correct scientific terminology and language.  
  From video analysis pupils it was noted that children asked many questions because 
they were wary of accepting data or results without understanding how are they were 
reached.  
 
Children improved their interaction in groups and changed their behaviour to reach 
common objective. From video analysis children are shown listening to each other 
discussing and engaging in argumentation.  
 
  In video recordings children are seen collaborating in group work, finding it easier to 
discuss many hypotheses then to verify the validity of just one.  
 
   They recognised that different species have different needs (light, nutrients, 
temperature, water) and that some plants can live in a very narrow range of conditions 
and other in a wide range. 
 
  They recognise appropriate and inappropriate behaviours relevant to the preservation 
of biodiversity.  
 
  Children understood that a society is made up of many people who have to make 
many decisions and those decisions and their behaviour could have an impact on the 
environment. 
 
  In break times or during when parties made outdoor visits children showed 
responsible behaviour themselves without being asked to by teacher (before they left 
they picked up the waste and cleaned up the area).  
 

The teachers' perceptions about the validity and effectiveness of the project were positive 
(evaluation through a personal evaluation questionnaire, and questionnaire about the 
observation of pupils during the activities).  
 
   The Moreno's test shows the children’s relationships; the results don't show big changes 
because the atmosphere in the classes was already positive. This test was important for 
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monitoring each pupil in context but has less importance than the analysis of the class 
indices.  
 
  The questionnaire also related to the perception of skills; it was important for the teacher to 
monitor individual pupils at risk more than for the analysis of the class (see annex).  
 
   From the video analysis pupils are shown to engage with materials provided for the 
activities without difficulty. After initial observations of children doing activities combined with 
teacher feedback, material were improved to offer a better understanding of how the children 
could use them, especially the last activity. 
 
1.5. Connection of the project with the historical,  social, economic and family context  
  
  The project results were “meaningful” for the pupil because the concepts were linked to 
their own environmental, historical, social and family context.  
 
Some activities were particularly meaningful:  
 
• Children interviewed grandparents who offered a unique historical memory for the 

children which helped them to understanding changes to local flora over time; and 
important starting point from which to analyse the problems related to extinction of 
endangered plant.  

 
• Parents helped their children to prepare for the second role-play game “a new ski 

slope?”. In this game every child had to empathise with “a representative of the local 
community”. In some cases this involvement was created spontaneously by the great 
enthusiasm and emotional impact it had on the child. Children also brought their parents 
to visit the sites were their endangered plant grew. In other cases small groups of 
children were helped by relatives to make a small botanic garden at home.  

 
At the end of the project every school organised a concluding activity to inform the local 
community of the project and the results obtained:  
 
• in one school children wrote a letter to the town mayor to explain the importance of a 

endangered plant growing in the local area.  
 
• in another school teachers organised a concluding day when all parents were invited to 

see the results of the project (pupils prepared PowerPoint presentation of the activities).  
 
• one school prepared a DVD to explain all the steps in the project. This DVD was 

distributed to parents during a meeting at the beginning of new school year.  
 

 
2. OBSTACLES AND DIFFICULTIES  
 

a. Organization of the Italian project:  
 

The initial planning of the activities was linked with feedback from the partner 
meetings that happened at the same time as meetings with teachers. This created 
confusion because our teachers usually plan all activities at the very beginning of 
school year.  
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b. Logistic, structural and temporal constrains: 
 

Some participating schools were some distance away and this caused problems with 
scheduling meetings. For the same reason and because of the cost and time spent 
travelling, visits to the botanic garden, for distant schools (one in particular) could not 
be repeat more than once even though teachers and students recognised the value 
and potential for learning in a botanic garden. 
 
Botanic species adopted by each school have a flowering period (end of summer 
time) and the period to collect the ripened seeds and fruits (autumn) coincides with 
the beginning of the school year. For this reason some schools had problems 
planning the field trip in the right season.  
 
Teachers in the 4 schools didn't interact with each other. They didn't use a discussion 
forum created for this reason very much and only exchanged large downloadable 
documents in this way. The problem was that a school doesn't have internet 
connection and another school there aren't computer science laboratories. 
 

c. Difficulty in the sharing of the planning of cla ss and in the organization of the 
activities in schools:  

 
Teachers plan lessons in interdisciplinary teams, but in some cases there were 
difficulties in sharing planning. In one school the main teacher involved in the first 
phase of the project left the school and the project work went to other colleagues who 
were not involved in this initial phase.  They were less motivated and they found it 
difficulty to continue the work in progress.  
 
In another school there were other projects already on-going with a consequent work 
overload for the teachers and the pupils.  

 
d. Technical difficulty of experimentation:  

 
- Some schools haven't scientific laboratories and students are not very familiar with 

laboratory instruments and don't have the manual skills. Moreover, the seeds of the 
species studied were very small and difficult to manage. 

 
- The outcomes of germination tests of endangered species seeds, in some classes 

were sparse. In some instances only a few seeds germinated because the species 
children were working with require special treatment in order to germinate e.g. cycles 
of warm and cold temperatures. The purpose of the germination activity (through the 
"play decide" game) was to help the children understand the problems linked to 
reproduction of endangered species. Children formulated hypotheses about which 
conditions would be the best for germination. The problem was that some teachers 
did not explain clearly to children that they would encounter these problems in their 
search for understanding. While working like scientists children need teachers to 
explain that "no result" is a major achievement when it comes to interpreting research 
data. 

 
e.   Long term projects  
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   Schools in Italy generally work on long-term projects (throughout the school year). 
Usually, this kind of projects involving several subject area and children document and 
collect data, evidence and results in a diary. This kind of documentation as was done 
during the project with the support of scientific notebook, it is a good tool to remind 
children of activities done and they do not lose the main purpose of project. The only 
problem with long term projects is that sometimes too long a time passed between one 
activity and the next but on the other hand, children showed that they are highly 
motivated to complete the work for the satisfaction of obtaining long-term results. After a 
year some teachers checked the main stages of project of the previous year and pupils 
questioned showed that they remembered most of the concepts and had built a strong 
knowledge base. 
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6. Annex II: Evaluation guidelines for participatin g working 
groups. 
 
Table of content: 
 
1 Introduction  

1.1. Background  

1.2. Evaluation Objectives  

2. Evaluation of the learning process   

2.1.  Contextual characterization  

2.2. Identifying models  

2.2.1. Characterization of teachers in each school  

2.2.2. Characterization of pupils in each school  

2.2.3. Characterization of the activities  

2.2.4. General characterization of PSG lessons  

2.3. Focusing on learning  

3. Parameters of Evaluation  

3.1. Observation of enquiry  

3.2. Observations at the level of the group  

3.3. Role of the teacher  

3.4. Satisfaction   

4. Appendix 1 Evaluation content table   

 Appendix 2 Botanic garden lesson questionnaire for school 
teachers 

 

 Appendix 3 Questionnaire after each lesson  
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1. Introduction 
 
1.1 Rationale 
 
This outline of PSG evaluation starts by describing the variety of contextual aspects of 
implementing the PSG tools and their relevance to the evaluation process. It then 
focuses on the main dimensions that might be observed and evaluated in each country 
with suggestions as to how and when evaluation can be made, as well as making clear 
the questionnaire rationale. It is important to emphasize that this document envisages 
evaluation in different countries, but does not constitute the program of evaluation of 
the PSG project itself. 
 
The structure of the report draws on the fact that each country has its own unique 
implementation process involving different populations and models of practice. Hence, 
each partner conducts their practice using the resources developed for their country but 
the research data that ensues based on these different models of practice are likely to 
have identifiable common parameters.  It is likely that all variations of implementation 
can be integrated into a coherent whole. This will enable us to base the PSG evaluation 
on an agreed standard, as well as provide guidelines for evaluating the more specific 
aspects relevant for each partner.  
 

1.2 Evaluation Objectives  
 
Integrating enquiry-based and argumentative-based approaches, through the use of a 
resource based tool that enables primary aged children to experience plant related scientific 
phenomena, is the gist of the PSG project. However, use of the tools is problematic from 
several perspectives. First, it is difficult to design favourable contexts for its use -
argumentation and cognitive conflicts are generally not sufficient to improve science learning 
- well-designed learning environment, both in the classroom and in a botanic garden, are 
also necessary. The successful use of the tools depends on contextual features. This means 
that evaluation must take due account of the characteristics of the contexts in which tools 
have been implemented.  
 
The measure of success depend not only on factors that can be described in any one school  
- variation in cognition, social interaction, and engagement with plants but also that these 
tools can be implemented in many contexts; contextual characteristics must be at the 
forefront of evaluation. The challenge has been two-fold: to develop techniques to evaluate 
learning in activities that integrate enquiry-based and argumentative activities and secondly, 
to stress the centrality of context in this endeavour.  
 
The PSG programme gathered teams from different countries; their different cultures, 
institutions and curriculums had an effect on the implementation of the resources created. 
Teachers in some countries may already have had some knowledge of enquiry based 
learning and developing argumentation skills whilst others have a different pedagogy which 
may be open to these ideas but needed more support to use the tools as a consequence. 
This diversity reflects the reality of science education in Europe. Therefore, instead of 
assuming standardize schools, school populations, competence of teachers and other 
factors in order to measure learning outcomes in an experimental setting based on a pre-test 
treatment and post-test paradigm, we opted for an approach in which each educational 
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experience is treated as representative of a valuable educational context. Coping with 
contextual differences constitutes one of the main challenges for the PSG programme. For 
this reason, evaluation will be done in each country in a similar way if possible but any 
differences will take account of contextual particularities. 
 
2. Evaluation of the learning process 
 
2.1 Contextual characterization  
 
The contexts for PSG partners provided a number of possibilities. Consequently, there were 
several models of implementation of the approaches the PSG project aimed to promote – 
namely combining enquiry and argumentative activities. These models can be described as: 
 
• Focused implementation : implementation in one school with one committed 

teacher who participates in designing the resources and implemented them.  
 
• Adaptation of resources : adapting the resources to prevailing conditions 

(available plant resources) and pupils’ ability and using the resources as part of 
curriculum planning in science but also in subjects other than science e.g. 
Personal, Social and Health Education (PSHE).  Some schools may suspend the 
timetable for a week to concentrate on Healthy Eating, Sustainability or 
Conservation and include the resources. 

 
• Enrichment of existing in-service programs for teaching science 
 
• Focused enculturation  of a group of teachers in one school to enquiry and 

argumentation based pedagogy 
 
• Activities in a botanic garden  – with teachers and children using the garden to 

implement the resources with the help of botanic garden staff. The plants 
available and the level of organisation by botanic garden staff may vary. 

 
• Enrichment of existing programmes of training for botanic garden educators to 

enable them to teach enquiry and argumentation in plant science. 
 

2.2. Identifying models 
 
The description and identification of the models is an important step and will be set out in 
documentation of the educational experiences at the different sites where the PSG tools are 
implemented. The following simple tool, will provide information that when collected together 
will lead to the identification of a model of implementation. Information include will be: 
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2.2.1 Characterization of teachers in each school 
 
• Number of teachers involved in each lesson : for instance if one teacher 

introduces the activity itself and the others are responsible for implementation e.g. 
planting seeds might be done by an assistant rather than the teacher. 

 
• Was there teacher’s training of some sort? If so wh at kind?  1 day/ 1 week / 

more / with/without field experience with/without argumentation or enquiry skills 
specifically included. Focused enculturation of a group of teachers in one school 
to enquiry and argumentation based pedagogy 

 
• Teacher information : for each teacher involved what is their seniority / are they 

new teachers/ are they science co-ordinator in the school/ are they teachers who 
teach more than one age group in their class (e.g. 9-10 and 10-11 year olds in 
one class). 

 
2.2.2 Characterization of pupils in each school 
 
• Details about pupils : special populations (e.g. gifted) / academic level of class/ 

size of class. 
 
• Do the pupils have prior experience of argumentatio n or enquiry based 

learning ? if so, what kind of activities.  
 
• Have the pupils been to a botanic garden before ? for how many lessons? at 

what level?   
 
2.2.3 Characterization of the activities 
 
• What is the activity model : classroom for how many lessons and botanic garden 

for how many lessons? 
 
• What individual work was included in class?  preparing arguments, 

summarizing, essays, other. 
 
• What group work was included?  argumentation / formative assessment 

/practical tasks; how was it organised (groups of how many) 
 
• What whole class work was there?  class discussion, viewing powerpoint/ 

whiteboard activities, other. 
 
• How were the activities sequenced?  e.g. did enquiry and argumentation 

activities come first? 
 
2.2.4 General Characterization of PSG lessons 
 
• How was the activity linked to the curriculum?  did the activity introduce a 

subject / was it a summing up of a topic activity / was it a separate stand alone 
topic?  

 
• Did the teachers adapt the resources?   what was adapted / to what extent?  
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• Were all of the resources (for that country) all us ed by the teachers/school?  

if not what was left out and why? 
 
• Where did the botanic garden visit fit into the act ivities?  was it an 

introduction; a summation; a place to find evidence? 
 
• Documentation : teacher interviews, comments, video, observer notes, teachers’ 

lesson plans. 
 
2.3 Focusing on learning 
 
If collected systematically, the information concerning context will allow identification not 
only of models of implementation (at a macro-level) but also of organization of learning 
offered in each class (at a middle-grained level).  However, our main interest in the PSG 
project is to create a learning environment in which inquiry and argumentative processes 
are intertwined with plant science. This means that one of the most essential goals to be 
fulfilled is to check whether argumentative and inquiry practices took place during 
lessons. This kind of evaluation is of a different nature; it focuses on a process at a fine-
grained level. Part of the evaluation will be to identifying learning through formative 
assessment and pupils’ work will be an essential element. Fine-grained evaluation can 
also include follow up questionnaires and interviews with children.  
 
Documentation included : work samples from children. 
 
3. Parameters of Evaluation 
 
Each parameter contains the different available data resources needed to make the 
evaluation, and a series of recommended questionnaire item both for making an online and 
analytic evaluation. These examples should serve as guidelines for building a more specific 
and adjusted questionnaires for each case. 
 
3.1 Observation of enquiry 
 
• What were the pupil’s primary hypotheses? 
 
• Did the pupils reach an adequate conception at the end? (a one that fully explains the 

phenomenon and uses evidence well)   
 
• Did the pupils use scientific language?  
 
• Did the pupils experience a cognitive conflict? 
 
• Did the pupils use the resources to find evidence to resolve the conflict? 
 
• What caused the change? (New info / others opinions)? 
 
3.2 Observations at the level of the group 
 
• To what extent did each group commit to a discussion? 
• Was there irrelevant discussions? 
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• Did the group follow the norms of discussion?  
 
• Was the discussion atmosphere open to other opinions? 
 
• Were some pupils more dominant? 
 
• Did the pupil get help from other classmates? 
 
• Did the pupil have difficulties understanding the task? 
 
• Did the pupil become more independent during the sequence of 

activities 
 
Documentation: a study of one or more groups in each school involved in the project. 
 
3.3. Role of the teacher 
• To what extent does the teacher lead the discussion? 
 
• Did the teacher impose the development of any discussion? 
 
• Did the role as a teacher changed across activities? 
 
Documentation : observation notes (possibly from video) 

 

3.4 Satisfaction  
 
A last aspect of evaluation concerns the attitudes of teachers concerning PSG activities, in 
particular their satisfaction with: 
 
• the time did it took to prepare a PSG session compared with usual lesson planning? 
 
• whether it justified the time spent on it? 
 
• whether the resources were appropriate? 
 
• whether there was more or less collaboration in PSG lessons than usual? 
 
• whether class management easier/more difficult? 
 
• whether the class worked well in groups? 
 
• whether the class was interested in the activity? 
 
• Whether the teacher needed more support in which case what kind of support? 

(resources/pedagogy, other) 
 
Documentation: responses to questionnaire from all teachers involved in the teaching of 
PSG resources. 
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Appendix 1: Evaluation content table 

 

 Artefact(s) Contributor(s) 

Role of the teacher Observation/video teachers/pupils 

Classroom work Lesson video/ pupils’ work teachers/pupils 

Satisfaction Questionnaires /face to face 
interviews / phone interviews teacher 

Lesson planning Lesson plan teacher 

Botanic Garden 
lesson planning Lesson plan botanic garden educator 

Botanic garden lesson Questionnaire school teacher 
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Appendix 2: Botanic garden lesson questionnaire for school teachers 
 
1. Botanic garden lesson questionnaire for school t eacher: 
 
1.1 How do you think the BG lesson went? 
 
2. Children’s involvement: 
 
2.1 Were you happy with children’s involvement in the BG lesson (questioning, 
interaction)?  

2.2 To what extent do you think they were engaged? 

2.3 To what extent do you think the children enjoyed the lesson? 

2.4 What did they like best/least?  

 
3. Learning outcomes: 
 

3.1 What were your intended learning outcomes of the lesson? 

3.2 To what extent did the children understand the main concepts? 

3.3 To what extent did the children achieved the learning outcomes? 

  
4. Teaching resources: 
 

4.1 Did you do any preparation using the resources provided before the visit? 

4.2 What did you think of them? 

4.3 Were the resources for the BG lesson adequate? 

4.4 Were these resources appropriate? 

4.5 Is there anything you would have changed? 

4.6 Were the student sheets adequate? 

4.7 Were the student sheets appropriate? 

4.8 Is there anything you would like to change? 

4.9 Where they used them, did the children enjoy using technological devices? 

4.10 What effect do you think they had on the children’s 
understanding/learning/enjoyment?  

4.11 Did you brief the helpers for the day? 

4.12 How did you choose them? 

4.13 Did you monitor their interaction with the children at all? 

4.14 Did any of them comment on the day? 
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5. Activities: 
 

5.1 Was there enough time for each activity? 

5.2 Would you have changed anything? 

5.3 Could you have done these activities at school? 

(if not why not?) 
 
6. Evaluation: 
 

6.1 Will you disseminate these resources to other teachers in your 
schools?  

6.2 Will you disseminate these resources to teachers in other schools? 

6.3 Can you think of any ways in which you could improve these resources? 

6.4 Can you think of any ways in which the BG visit could be improved? 
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Appendix 3:  Questionnaire after each lesson 
 
1. Questionnaire after each lesson: 
 
1.1 How do you think the lesson went? 
 
2. Children’s involvement: 
 
2.1 Were you happy with children’s involvement in the lesson (questioning, 
interaction)  

2.2 To what extent do you think they were engaged? 

2.3 To what extent do you think the children enjoyed the lesson? 

2.4 What did they like best/least?  

 
3. Learning outcomes: 

 

3.1 What were your intended learning outcomes of the lesson? 

3.2 To what extent do you think the children achieved these learning outcomes? 

3.3 To what extent do you think the children understood the main concepts? 

  
4. Teaching resources: 
 

4.1 What did you think of the teacher’s resources – (prompt) were they adequate? 

4.2 What did you think of the teacher’s resources  (prompt) were they appropriate? 

4.3 Is there anything you would like to change? 

4.4 What did you think of the student sheets – (prompt) - were they adequate? 

4. What did you think of the student sheets – (prompt) - were they appropriate? 

4.6 Is there anything you would like to change? 
 
 
5. Activities: 
 

5.1 Did you have enough time to do all the activities you wanted to do? 

5.2 Did you add or remove anything to/from the lesson? 

5.3 Were there any activities in the resources that you had never used before? 
 
 
6. Evaluation: 
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6.1 Will you be disseminating these resources in your school?  

6.2 Will you be recommending these resources to teachers in other 
schools?  

6.3 How do you think we could improve the resources? 
 

 


