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Understanding of 
scientific concepts

conceptual cognitive epistemic social

Children practice various skills:

Thinking for myself

How do I know how 
science works?

Working together, 
questioning & accepting 
the views of others

Background information

1. Enquiry based learning

Enquiry based learning is a widely discussed field. The emphasis may differ, but the overall aim is to enable students to gain 
knowledge and develop a broad understanding of the many concepts, principles, models and theories of science. Through this 
project we have expected children to work like scientists but also to begin to understand the nature of science. These resources 
focus on engaging students by encouraging them to ask questions and investigate phenomena. Our aim is to develop skills in 
children to predict, design, conduct their own experiments, explain their observations and use the evidence from these to test 
their predictions. Finding evidence and formulating “good arguments” (see below) is a strong element in many activities and is 
based on group discussion.

This project adopts a constructivist approach; each student must build his or her understanding, which is constantly changing. 
Children follow their own path towards deeper understanding as their skills improve. These skills include critical thinking, 
systematic investigation, observation, analysis and the ability to articulate their findings using appropriate scientific language. 
Creative skills offer another window into science and may be the preferred learning style for some children

Our research has shown that children are more motivated and retain what they have learned for a longer period of time when 
they connect new experiences and information with what they already know about the world. 

2. The techniques used to improve scientific skills
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Table of techniques to support development of conceptual, cognative, epistemic and social skills. 

Technique Where in the 
resource?

Technique Where in the 
resource?

Concept cartoon All topics Concept map Ex

Evidence cards F & C Evidence map Ex

Group discussion All Scientific diaries (See below) F, Ex

Discussion of  historic experiments Ex Predict-observe explain experiments Ex, F, C

Presentation of outcomes All Observation All

Creative artwork A Role play All

Mysteries F Paired Science F

Play – decide game C Modelling C, A

Questionning All Identification (Taxonomy) F, C

Competing theories Ex Analysing and interpreting data F, C, Ex

Sequencing F, C Research All

Argumentation All Use of scientific language All

Key: F = Food, C = Conservation, Ex = Experiments about plant growth, A = Art

3. Aspects to consider when working in small groups

3.1. Organising groups

Think about the potential benefits and problems of organizing group work in classrooms and out of doors. There is no single 
best method for working in groups and small group discussion. Group organization is important for achieving desired learning 
outcomes effectively – it is a teacher’s strategic choice. 

When working out of doors it is important that pupils have specific tasks to complete e.g. observation, collecting resources, 
research, gathering data or planting,/harvesting for a life cycle activity.

Golden rules

• All activities, however short, should have clear outcomes. 
• Groups know how long they have to complete the task.
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3.2. Group composition

Consider group composition because there are advantages and disadvantages of friendship groups, structured groups 
(by ability), random groups and single sex groups. If groups are not well constructed, one or two people make no contribution, 
pupils come to agreement very quickly, or students talk during the activity but cannot feed back. Students may need prompting 
to engage fully in discussion.

3.3. Working in small groups?

Research (Osborne et al �00�) suggests that small group discussion is rare in school science classrooms. Giving opportunities 
to engage small groups in reasoning and argumentation is essential because small groups allow pupils to present their ideas 
and reasoning in an informal constructive environment. Children may not be happy to develop their thinking in front of a large 
class where their thinking might be shown to be mistaken or criticised.

4. Argumentation activities
The resources developed provide a basis for scientific discussion in small groups on various topics e.g. classification, life cycle 
sequencing, ranking, competing theories, comprehending historic experiments, predict, observe and explain (POE), analysing 
and interpreting data, mysteries, concept cartoons, evidence cards, play decide games.

4.1. Small group discussion provides opportunities for supporting learning because pupils:

Make suggestions and put forward new ideas 
Add to other’s ideas and clarify or modify them  
Challenge other pupil’s ideas 
Develop reasoning and justify ideas 
Ask each other questions to help their understanding 
Summarise ideas and arguments to move the discussion on 
Consider the strengths and weaknesses of their own and other’s arguments

4.2. Organising group discussions

Teachers will decide which of the following is the most suitable for their class and can use any combination in the lesson.

• Individual:  Each child has the opportunity to develop his/ her own opinion 
• Second level: Pairs – children look at a problem or seek information together 
• Third level: Pairs to fours – children share ideas in pairs and compare it with the ideas of another pair

Listening triads:

This strategy can be used when starting a discussion, because only one person talks at a time and two are listening. Children 
are not good listeners; listening requires practice. 

Divide children into groups of �: one is the talker, one the questioner and one the recorder. The talker has to explain to the other 
two which of the statements he/she believes to be the answer and the questioner can challenge or query any statement. 

The recorder makes a note of the discussion. The outcomes are easy for the recorder to articulate and he/she can become the 
spokesperson. 

Envoys: Once pupils have worked on a group task as part of a listening triad, one child from each group becomes the envoy. 
He/she moves to a different group and explains the original groups’ ideas and finds out what this new group thought. 

The envoy returns to the original group and reports back. The activity reduces the need for each group to report back to the 
whole class and envoys practice explaining and summarizing.

Role play: Requires group members to take on a role and to articulate the views of that role. In good role play children think their 
way into other people’s perspectives. It requires good information cards and a clear outcome.

4.3. What makes a good argument?

When introducing group discussion and argumentation activities, it may first be helpful for children to talk about what criteria are 
necessary to decide whether an argument is good or not. Figure 1 shows what one class thought.
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Figure 1: What a good argument should include.

 

Argument prompts

Why do you think that? 
What is your reason for that? 
Can you think of another argument for your view? 
Can you think of an argument against your view? 
How do you know? 
What is your evidence? 
Is there another argument for what you believe?

Levels of argument

Teachers need children to make progress in their argumentation activities. To help children to make more logical arguments and 
to encourage them to consider further evidence and extend their arguments,  teachers need to consider the level of argument 
they have reached and how to move them on (after Osborne et al �00�1)

Level 1: Arguments that are a simple claim versus a counter-claim or a claim versus a claim.
Level �: Arguments consist of claims with data or evidence to back them and simple questions but does not contain any 

rebuttals (a rebuttal is a reason for not believing a claim and is not just a “no it isn’t” response).
Level �: Arguments consist of a series of claims or counter-claims with data or evidence to back them, simple questioning and 

an occasional weak rebuttal.  
Level �: Arguments consist of a claim with a clearly identifiable rebuttal.  Such an argument may have several claims and 

counter-claims and more provocative questions.
Level 5: This is an extended argument with claims supported by data and evidence, and more than one rebuttal and provoca-

tive questions. 

Remember, as you progress:

• students’ ability to argue will only develop with practice; 
• follow the “Golden rules” to ensure success;  
• the potential value of learning in this way should become evident through better scientific reasoning.  

1Osborne, J., Erduran, S. and Simon, S. (�00�) Ideas, Evidence and Argument in Science. In-service Training Pack, Resource Pack and Video. 
London: Nuffield/King’s College, London.

Reasons

Facts
Evidence To support your ideas

Persuasive  
languageWhat makes a 

good argument?
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5. Evaluation

Any of the activities used in the techniques table will involve children in discussion.  Such activities can be evaluated by looking 
at the depth and breadth of the evidence that children use to back up claims and how they react to ideas others may have.  
Levels of argumentation may be used in formative assessment.

For example individuals can commit their initial ideas to paper and then, after discussion, add to or change these ideas. If writing 
frames are provided, children will show their thinking and teachers can see any gaps or misconceptions that they need to 
address, e.g. use of concept maps, evidence maps, and others in the table above.

5.1 Science diary / Project folder

It would be helpful if pupils use the same notebook throughout to record their findings, questions and what they have learnt. In 
teachers’ notes we refer to this as the scientist’s notebook. Pupils should be encouraged to use this notebook freely to record 
independent questions and observations.

Teachers can see how pupils develop their thinking during the project through the introduction of scientific diaries. Children can 
record their thoughts as they work, as well as data and observations about a topic. For bigger items and work sheets, maps or 
pictures it would be useful for children to have a special project folder. 

6. Use of technology in plant Science

Modern technology offers a number of opportunities to enhance learning, both in the classroom and outside. In this project, the 
UK partners provided hand held mobile technology to support the children’s research and observation of plants. 

These specially formatted mobile phones allowed children to call up appropriate information about plant species, by keying in 
numbers on labels next to living plants. They could also take images of plants and plant parts and record their observations 
orally – either by interviewing one another or by individual comments. 

Additionally they could add text comments. All of the information collected was automatically uploaded onto a website that the 
school could access after the visit.  It was therefore available as an individual, group or class research database. This technology 
proved extremely valuable in a number of ways, including:

• Allowing children with poor writing / language skills to still participate and carry out individual research
• Providing an instant, ready-made useful database accessible by all students and teachers back at school
• Enabling children to make a large number of observations quickly
• Enabling children to work in listening triads, pairs and groups and so facilitating the varied methodologies for data collection   
 and observation
• Giving focus for data gathering and detailed plant examination
• Providing opportunities for children to use scientific language and articulate their findings
• Reducing the number of worksheets they need to carry around 

Currently this technology is easily available in the UK, although at a cost. With the swift development of ICT and the move to 
internet and low cost or free mobile access – it may be worth using this technology if it is available locally.

7. Paired Science

Experiments and activities that can be done with parents or a mentor/partner are included in the Food topic where the aim is to 
show that science is part of the real world. Growing plants is encouraged and can be attempted on any scale from containers or 
allotments plots. 


