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Abstract

Previous work by various researchers into young people's understanding of the natural environment has been carried out using a wide range of techniques. These have included interviews, questionnaires, group discussions and the production of drawings. Generally such techniques are then used to provide generalisations about young people's understandings of the natural environment. Our research goes beyond this existing work in two ways. First, it uses a range of techniques (oral, photographs and drawings) for eliciting understandings of specific natural objects using a sample of three age groups  (ages 5, 10 and 14) of young people rather than just picking one particular technique. Secondly, it  investigates these young people's understandings both in school and in the field - at Botanic Gardens, Field Study Centres, Museums or Zoos -in order to determine the effect of these context upon pupils developing understandings of the objects. This paper will discuss the development of the probes, the selection of the samples, the data collection and the analysis framework. It will present some preliminary results and show what they may enable us to say about the expressed models revealed by pupils when questioned using different probes  in different contexts.

The Background to the Research

The way a person 'sees' or 'understands' the world around them depends fundamentally and inescapably on the person they are. The notion that teachers in general and science teachers in particular need to understand their pupils' existing understandings is now well established. Within science education, the various forms of constructivism (White, 1988; Shapiro, 1994; Hodson, 1998) are all predicated on this belief. Indeed, school teachers, whether in science, geography or other areas of the curriculum, ask questions of their pupils about the world around them and listen to their talk not so that they (the teachers) can better understand that world but so that they can better understand the world that is inside each pupil's head (cf. Nuffield Primary Science, 1997; Marsh, Willimont & Boulter, 1999). Such understanding (unless it is for such purposes as summative assessment, motivation or classroom control) is elicited so that the teacher can then pursue that line of teaching which can most effectively change that understanding, whether by correcting misconceptions, by extending existing valid knowledge or by producing new problems to solve.

There is a  considerable literature on children’s understandings of the natural world  which itself has a very broad range. It includes literature on children’s understandings of classification, on living processes, as well as on ecology and interrelations. For a concise review of research in all these areas  see Driver et al.(1994). A more recent teacher focused review (Hollins & Whitby, 2001) looks at progression in relation to research and teaching. These research studies have produced generalisations from a variety of techniques used to illicit children’s understandings.

Aims of the research

This research project has the principal aim of determining how the understandings young people have of certain objects within the environment depend both on the type of research instrument used and on the context in which their understandings are probed.

Our interest is therefore primarily methodological and is partly inspired by the late Professor Ros Driver who, very shortly before her death, encouraged Sue Dale Tunnicliffe to carry out work in this area. We intend our findings to be of value to a wide range of researchers, teachers  and others interested in gaining access to subjects' understandings about objects and processes. Here we concentrate on objects (e.g. an oak tree) rather than processes (e.g. 'decay of an oak leaf’) on the grounds that an understanding of a process first requires an understanding of the objects involved in that process. In addition, we suspect that teachers sometimes attempt to explain processes to pupils before their pupils have an adequate understanding of the constituent objects.

In addition to the work in England, a small portion of the work is being replicated in Brazil by Dr Sandra Selles. The Brazilian part of the work, in addition to being of interest in its own right, should provide an indication as to whether the conclusions from the main, English, element of the study are likely to have international currency.

We hope that the specific findings of the research will be of value to those in science education and environmental education, who are interested in this particular issue, and will encourage further research and focused support materials for learners.

The elicitation of representations

When teachers or researchers ask subjects about their understandings of anything, they may present their question supported in various ways,  and subjects  may respond by presenting  the researcher with their own 'representations' (Bruner, 1964). These representations may be words, drawings, physical constructions, even emotions. In the language of Buckley, Boulter & Gilbert (1997) and Gilbert & Boulter (2000) such representations can be viewed as the expressed models - that is, representations of phenomena placed in the public domain. These expressed models are assumed to be generated from mental models - i.e. the private and personal cognitive representations. The only way for a researcher to understand a subject's mental model of a particular phenomenon is by eliciting one or more of their expressed models of that phenomenon. 

There are many ways of gathering information about subjects' understandings of scientific phenomena - see White & Gunstone (1992) for a wide-ranging review. However, despite the richness and variety of the methods used by science educators, it remains the fact that most of these methods rely on subjects either talking or writing about science. Such methods include oral interviewing of students (Osborne & Gilbert 1980), gathering students' written responses (Leach et al., 1995), recording students' spontaneous conversations (Tunnicliffe & Reiss, 1999a) and getting students to construct written concept maps (Novak & Musonda, 1991). Another fruitful, and non-verbal, approach has been to ask subjects to draw certain objects (e.g. Guichard, 1995; Tunnicliffe & Reiss, 1999b).

Each of these methods relies upon eliciting what Buckley and Boulter (1999) refer to as different ‘modes of representation’ each with their own capacity to support the expression of the mental model. At present teachers are not alert to the significance of the mode in which information is presented or elicited and this study will help in providing sound research data to inform practice.

In this work we present and elicit a variety of modes of representation in a number of different contexts.

Methodology

A sample of pupils from three age ranges were selected in 13 different school classes who were visiting one of a range of four out-of-school venues. Each pupil was interviewed before and after the visit . Different probes were used with each group. During the visit group interaction data were collected.

In this way questions about components of the environment have been asked both of the same and of different individuals in a variety of situations in school and on out-of-school visits. These questions are in the form 'What do you know about X?' where X is  one of each of nine objects occurring in the natural world e.g. an oak tree or a pigeon. By asking such questions in different situations we are able to explore what might be termed not so much 'situated learning' (Lave & Wenger, 1991) but the situated expression of what has been learnt. Our hypothesis is that the learning revealed by a young person's expressed model is dependent on the physical context  e.g.whether the individual is in a classroom or out-of-doors, the mode of representation of the probe, the social context (whether individuals are interviewed on their own or in groups) and on their prior experience.

Surprisingly, this has not been investigated to date and a considerable literature (see any issue of Environmental Education, Environmental Education Research or the Journal of Environmental Education as well as occasional articles on environmental understanding in any national or international science education journals) on children's learning about the environment simply relies on questionnaires and/or interviews without ever paying more than lip service to the possibility that the results of such research may reveal as much (though only implicitly) about the methodology as about subjects' understandings.

Understanding the significance of the physical context in which teaching about the environment takes place should enable more effective teaching of information about the environment and more valid and reliable assessment of pupils. In addition, it may be that, as is widely supposed in the field of environmental education, future attitudes towards the environment are affected by whether or not learning takes place out-of-doors 'in the environment' or inside in school classrooms.

The development of the probes

The nine natural objects were decided upon through consideration of those objects with which the children would be familiar, likely to be in their home or school environment and likely to be represented or present on the out-of-school visit. We also decided that the objects should  of different kinds e.g. not all animals, so that it would be possible to consider them relating to each other in a variety of ways, e.g. in a food chain. In this way it provided an opportunity for subjects to express their mental models not only of the object itself but of the level at which they understood it.

The understanding of levels as an important aspect of biological understanding  has been developed through work with student teachers (Boulter, Buckley & Walkington , submitted). In essence it takes the organism as the central level and develops levels above and below based on a nested scale so that the ecosystem comes at the top level, then its constituent communities, then populations which are composed of individual organisms. Below the organism level come organs in systems, which are made of tissues, comprising cells and organelles which are made of atoms and molecules. (See figure 1 for definitions).

Taking these considerations into account our objects for England are a daisy, grass, oak tree, pigeon, squirrel, ant, pond, cloud. A mushroom was placed first as a ‘warm up’ object. 

The representations chosen for presenting to pupils in school were those most commonly used, i.e. oral, as a drawing or as a photograph. The drawings and photographs of the nine objects were commissioned from professionals and then trialled with a sample of three boys and three girls at the different ages. Considerable alterations were required to the drawings as confusions were apparent. 

Selecting the Samples

The choice of ages at which to sample has been constrained by two factors: a. which ages were planning visits and b. the willingness of schools to release time for interviews under the pressure of assessment procedures. This led to year 1, year 5 and year 9 being selected as being  less constrained than other years. However, it does need to be noted that gaining access to such groups is becoming increasingly difficult in the current assessment-driven climate in English schools.

The bulk of the data in the full study come from thirteen school classes (see figure 2) which have been studied before, during and after visits or field trips to Botanic Gardens, Field Studies Centres, Museums or Zoos in England. In all, we  worked with nine primary and four secondary schools to allow us to obtain data from five year 1 classes (5-6 year olds), four year 5 classes  (9-10 year olds) and four year 9 classes (13-14 year olds. In each class, teachers were asked to select a sample of  6 pupils to represent the range of abilities in the class and, if possible to include both boys and girls. In addition, these sample pupils were followed on their out-of-school visit to the Botanic Garden, Field Studies Centre, Museum or Zoo and naturalistic spontaneous conversations were collected  as they arose in connection with the nine objects if they were encountered within their working groups. If possible pupils were questioned about the objects previously presented to them in school  using the question, “What do you know about X?”.

      We  negotiated access to the out-of-school venues and asked them to identify school classes visiting within the sample range of ages. These out-of-school venues are all types of places where we are used to collecting data from school classes (Tunnicliffe, 1995; Tunnicliffe, 2000). We attempted to achieve a measure of geographical and socio-cultural spread within the limits of our travelling ability and the constraints of timetabling. Schools were then approached and visited to set up arrangements for visits to interview the sample children and to accompany the out-of-school visit.

Subsequently, each class was visited back in school at a suitable time after their out-of-school visit. On these occasions, the sample pupils were first asked about their understanding of each object (presented orally). They then were asked to draw the object, being told that they could add words to their drawings if they wished to. In several cases it was more convenient for the whole class to do the drawings. Throughout, all interviews were audio-tape-recorded using high-quality, low-visibility equipment suitable for use both in the field and indoors.

Analysis of a case study school
All audio-recordings from the interviews and visits were transcribed verbatim. There are various ways of analysing conversations and narratives (reviewed by Tunnicliffe & Reiss, 1999c). In this study,  coding and initial analyses of pupil utterances are being carried out employing systemic networks. These generate qualitative data from quantitative unput and so can allow statistical analyses to be carried out; for example, comparing the utterances of pupils who differ with respect to age, gender or physical setting (Bliss, Monk & Ogborn, 1983; Tunnicliffe, 1995). In the case of the paper presented here, a case study of a year 5 class who visited a Field Studies Centre is presented (see fig. 3 and 4). In future analysis this systemic network may be expanded to include naming, physical features, behaviour, interrelationships, location, source of knowledge, feelings, human influence and personal experience.

Comparatively little research has been undertaken on different ways of analysing children's drawings (cf. Cox, 1997; Gilbert, 1997). Drawings will be coded  by considering  them as expressed models (Gilbert and Boulter, 2000) and analysing the parts of the objects represented and their spatial relationships to each other together with any behavioural features represented and any causal explanations for that behaviour. Any levels other than the organism level will be noted if they occur.

Results from a case study school: Year 5  visit to a Field Studies Centre

Context

The school is on the outskirts of London and was taking their year 5 pupils on a residential visit to a field centre to study grassland and woodland invertebrates and to look at small mammals through trapping. The theme was not explicit but all the activities centred around adaptation to the environment and human influences on it. It was the first time that many of these pupils had been resident away from home. The pre-visit and post-visit interviews were conducted at the school  with pupils withdrawn from the tutor period to a side room. The class teacher also taught science. This is an independent girls day school with a selected intake. A sample of the six girls was made by the class teacher to represent a range of ability and ethnic background.

The analysis of the data

The transcripts of the pre-visit and post-visit interviews and selected episodes from the out-of –school visit attended by the researcher as part of the field trip were transcribed. Drawings  of all nine objects were collected from the whole class following the post-visit and those of  six sample pupils extracted..

The pre-visit interview used drawings as a probe and the post-visit interview used the spoken words. The interview transcripts were subjected to the levels analysis already described and the scores totalled (see fig.3 and 4). The visit transcript was similarly analysed. In the course of this preliminary analysis the texts were read and re-read and issues which arose were also noted for the development of the preliminary analysis. These are therefore presented here at this tentative stage to enhance the case study and show the probable direction of the work .

The pre-visit and post-visit interviews

The first thing that is apparent is that the overall incidences of the levels for these interviews is very similar except for the higher incidence of the organ level in the pre-visit. So the overall effect of the probe type and the visit having taken place upon the levels, in the case of this school, appears small. For individual pupils there are some differences. Pupil 5 expressed a greater range of levels in the post–visit interview, including at the organ level. The pond probe produces more instances of  organisms than any other probe and the cloud probe elicits statements about the ecosystem and molecules. There are no instances in these data of cells being mentioned.

From the iterative readings of the scripts the following were noted:

For the interview with the drawings

· Pupils describe what they see in the drawings first.

· They then move on to access their mental models and give a variety of information about the object.

· They frequently interlace the end part of the interviews with stories of human involvement with  the  objects.

Example from pupil 3 (pre-visit interview with Daisy probe)

R: :Lets see what the next one is..

P: Um there are some flowers. 

They look a bit like daisies but I’m not sure.

R: I think the artist intended them to be daisies.

P;OK, they’ve got quite hairy stalks and the leaves are quite big and they look like they’re hairy as well so as to protect it..and um they’ve got quite a lot of petals and um they and also one thing I know about daisies they um they usually have lots of insects in them..

R: How do you know that?

P: Well, when I was in the garden last time I like doing daisy chains sometimes and all the ones  I had had flies on,

I was like dropping them on the floor because I’M not too keen on flies..

R: Anything else you want to say about daisies?

P: Um….no

For the interviews using words after the visit

· Pupils define the object in various ways especially mentioning structural features and location.

· They refer to the visit when the object is something that has been focused upon in the visit but seldom if it was just part of the general experience.

· They access their mental models and mention some aspects

· The human involvement stories  reappear, sometimes the same ones are referred to again, and these often involve play activities, e.g. making daisy chains and occasionally experiments that they  have done at home or seen on the television.

Example from post-visit interview with pupil 2

R: OK grass. What about grass?

P: Well um you can get lots of different kinds of grass and you can get tall grass and you can get other sorts of grass and um it naturally grows but there are some places where people have been walking it gets eroded and so um then you just have the soil and then that gets eroded. And you get like sort of chalk.

R: where are you thinking of?

P: I ‘m thinking of the hill at Juniper Hall.Yeah

At Juniper Hall we did this sort of thing this metal thing and we looked at the grass and um we found tall grass and lots of other grasses and we also found some moss on the soil and um that’s about it.

Example post visit pupil 5 Oak tree. Talking about acorns

P:  Some people pick them up and then they make them into a bottle tree.

R: Into a bottle tree? What that?

P: It’s a bottle where you put water into it and then you let an acorn or a seed float on the top and then it begins to grow you can watch it because if its in a milk bottle  the milk bottle’s clear and there’s water inside..You leave like an acorn inside it , floating on top.

R: Yes

P: and then maybe in a week or so you’ll find the little white roots coming out.

R: Really have you done that?

P: Not yet but I would quite enjoy watching it.

The visit to the field centre

The field centre transcript yielded 15 instances of organisms, one of populations and two of organs. The decision to collect naturally occurring conversation during investigations organised by the centre and informally during the lunch break meant that much of the conversation was about the experience of staying away from home and the naming of things found rather than a discussion of the nine objects. However, objects seen were talked about and often referred to in the post visit interviews.

Episode 3 Collecting minibeasts in grassland

(One group containing one sample pupil)

P: I think you can empty this out now.

P; hold this

P: You could hold this over the pot and tip them in.

P: could I have a spoon please?

R: what else have you got in your pot?

P: Red ants, a lot of red ants. We had one fly but it escaped and I don’t know where its gone now.

P: A grasshopper!

P: Yeah a really small grasshopper, and two woodlouse. Well I think its two woodlouse because one of them is curled up and its-

P: three worms

R: Oh that’s lovely there worms. Where did you find the ants?

P: We just dig and then we find these ants

R: Right

P We have one maggot

P: Its somewhere in there

The pupils drawings

The drawings in most cases show all the objects viewed from ground level, there is one case of a bird’s eye view. They are united in a single habitat and relate to each other.

· Squirrels climb trees which often show a hole.

· Daisies and mushrooms grow in flat planes of grass, except  in one case where individual plants of grass are shown.

· Ponds are fringed with stones and some contain frogs.

· Daisies often have no leaves and grow with one flower per plant.

· Several show the mushroom as the fly agaric with its spots.

· Oak trees have crowns of branches with single leaves (only sometimes shown) attached to the tips.

· Pigeons generally are flying with their legs down. Some perch on branches, one pecks a worm from the ground.

· Ants are shown with a head and three body segments but the six legs generally shown attach to both thorax and abdomen.

· Clouds are generally not shown raining and are blob like.

In general there is a surprising lack of evidence of observation of the growth form of the oak tree (or any other tree) and the relationships of the parts of the ant as an example of an insect. For pupils who clearly watch pigeons a lot the drawings seem styalised.

Issues and conclusions

Interview and visit  issues

The interviews posed the usual problems of attendance of the sample pupils and time available in the school day for a relatively open ended schedule. In addition, constraints of space and the need for supervision of interviewers by the schools meant many were conducted in noisy situations. This was largely overcome by using a lapel microphone. Despite agreeing interview protocols  the  researchers still found it hard to avoid leading questions. In general pupils responded in a relaxed fashion to the interviews despite  teachers reporting initial anxiety by the pupils before the arrival of the interviewer.

The visits were problematic to record and in several cases it was only possible to capture what was already going on which in many cases did not focus on the particular objects being researched. For the case study reported here the addition of the residential factor was very distracting and became the main focus of conversation even when the researcher tried to guide the discussion to the objects. It is likely, however, that the visit was more memorable for these pupils than for others who went on day  visits.

Collection of drawings issues

The teachers were issued with instructions for giving to the pupils for their drawings but it is probable that the evident consensus between pupils may have come from working in groups and coping ideas..

Probe and analysis issues


Despite the drawings probes having been trialed and revised  the drawing of the grass and that of the oak tree still remained ambiguous for the pupils. The grass was often named as corn. The impression that pupils give is that they see grass as just being there – a  backdrop for other things rather than an organism itself. The oak tree drawing shows the leaves but not their connection to the branches and could have contributed  to similar features shown in the pupils’ drawings.

The analysis categories were applied whenever a new phenomenon was spoken about..

Some emergent themes

· Birds nest only in trees.

· Clouds hold water and get greyer till they get too heavy and then they burst and it rains.

· Complete unfamiliarity with mushroom gills and some confusion with toadstools which are red with white spots.

· Daisies have white petals and pollen in their centres but no leaves.

· Pollen seen as the raw material for honey.

· Grass does not have flowers. 

· London children view pigeons as pests.

The analysis is now in its initial stages and soon there will  be the possibility of comparative case studies. We expect that this will include the comparison of years using same probe, comparison of probes using same year, comparison of visit venues with same year, and the comparison of visit venues using same probe. In addition we are considering the possibility of presenting  summative case studies: of visit venues, years and probes.

Our research goes beyond  existing work in two ways. First, it uses a range of techniques (oral, photographs and drawings) for eliciting understandings of specific natural objects using a sample of three age groups (ages 5-6, 9-10 and 13-14) of young people rather than just picking one particular technique. It enables us therefore to illuminate the effect of probing with different types of probes. It also collects data on learning through visits in out-of-school contexts enabling us to illuminate the effect of such contexts. It uses a combination of systemic networks and modelling theory to analyse the data in novel ways which are beginning to reveal the depth and diversity of pupils’ expressed models of objects in the natural world.
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Figure 1: Levels chart

Biological levels
Definitions and examples

Ecosystem                      E

Communities interacting with one another and the chemical and physical factors of the non-living environment.

The flow of energy and cycling of materials in the ecosystem.

E.g. Leaves catch the sun’s energy and it is used by the leaf to make food

The water cycle

Community                    C


Populations of  species living and interacting in an area at a particular time

E.g. Oak tree food web

Groups of animals living together in grass

Population                       P


Group of individual organisms of the same species living within a particular area

Eg.. Red squirrels

Red ants

Organism                       O


An living (or once living) individual of a species 

Eg. The oak tree

A dog

Organ system or organ

                                     OR


Tissues grouped together into  functional units which make up systems

E.g The heart 

The leaf

Tissue

                                     T
A group of physically linked cells or related fluids specialised for a particular function

Eg. Muscle 

Blood

Cell or organelle

                                     CL


Basic unit of structure and functioning in organisms or its internal structures

E.g. Muscle cells

Leaf cells

Chloroplasts

Molecule or atom

                                    M
Smallest unit of chemical elements or combination of two or more atoms of the same or different chemical elements held together by bonds.

E.g Oxygen 

Carbon dioxide

Figure 2:Where and how the data were collected


NH Museum
Zoo
Kew
Field Centre

Year 1
Drawings probe in pre-visit
Words probe

in pre-visit


School 1: Drawings probe in pre-visit

School 2: photos probe in pre-visit


Drawings and photos in

Post-visit only

Year 5
Words probe

in pre-visit


Photos probe in pre-visit


Drawings probe in pre-visit
Drawings probe in pre-visit



Year 9
Photos probe

in pre-visit


Drawings probe in pre-visit


Words probe in pre-visit


Words probe in pre-visit



· Pre-visit interviews with a sample of 6 pupils with the probe shown

· Spontaneous conversations and/or interviews on the visit

· Post-visit interviews with the same sample with an oral probe

Figure 3:Results chart of levels: Pre-visit interviews

Case study school: London Girls

Year group: Year 5

Probe used: Drawings

Place of out of school visit: Juniper Hall 

       


Pupil 1
Pupil  2
Pupil 3
Pupil 4
Pupil 5
Pupil 6


Totals
ecosystem
community
popultaion
organism
organ
tissue
cell
molecule

Daisy
2o4or1p
1o4or
3o3or1c
1o3or
2o
2o3or1c


2
1
11
17




Grass
1o3or1p
5o2or1c
2o1or1p
1o1or
1o1or
1o2or1p


1
3
11
10




Oak tree
3o2or1p1c
5o4or1t1c
3o3or
1o2or
4o5or
2o2or1t1c


3
1
18
18
2



Pigeon
3o6or2p
2o3or
4o1or1p
2o
2o1or1p
1o1or1p



5
14
12




Squirrel
4o3or2p
3o7or2p
3o1p1c
1o3or1p
1o1or1c1p
3o2or1p


2
8
15
16




Ant
3o3or1p1c
3o6or1p
2o4or2p
1o3or
2o1or
4o4or


1
4
15
21




Pond
5o2or2p
8o
4o
6o1p
6o1p
4o1e1m

1

4
33
2


1

Cloud

1e1m
1e1m


1e1m



3






3

   Totals   
















ecosystem

1
1


2

4








community
2
2
2

1
2


9







population
10
3
5
2
3
3



26






organism
21
30
21
13
18
17




117





organ
25
26
12
12
9
14





96
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Figure 4: Results chart of levels: Post-visit interviews

Case study school: London Girls

Year group: Year 5

Probe used: Oral

Place of out of school visit: Juniper Hall, Field Studies Centre






Pupil 1
Pupil  2
Pupil 3
Pupil 4
Pupil 5
Pupil 6


totals
ecosystem
community
popultaion
organism
organ
tissue
cell
molecule

Daisy
1o3or1p
1o4or1p
3o3or1p
1o2or1p
1o2or1p1c
1o


1
5
8
14




Grass
7o2or2p1c1e
2o
4o1p
1o1p
1o1or
3o1p

1
1
5
18
3




Oak tree
3o4or1c
1o1or1m1e
1o3or1p
1o1or
4o3or
1o1p3or1c

1
2
2
11
15


1

Pigeon
3o1p
1o1p
1o1or2p
2o1p
3o1p
No data



6
10
1




Squirrel
3o2or1p
2o2or1p1c
4o3or1p1c
No data
1o3or1p1c
3o


3
4
13
10




Ant
No data
3o2or
8o2or
2o1p
4o2or
No data



1
17
6




Pond
9o2p
5o1c
11o2p
5o
9o1or2t1c
8o1p


2
5
47
1
2



Cloud

1m1e
1e1m

1m
1m



2






4

   Totals   
















ecosystem
1
2
1




4
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2
2
1

3
1


9







population
7
3
8
4
3
3



28
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26
15
32
12
23
16
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organ
11
9
12
3
12
3
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