Primary
Science
Processes
And ]
Concept
Exploration

Project

Research
Reports

Processes of
Life

by
Jonathan Osborne, Pam Wadsworth
and Paul Black

Nuffield Curriculum Centre
ARCHIVE
Do not remove

LIVERPOOL UNIVERSITY PRESS




Primary Space Project Research Team

Research Co-ordinating Group

Professor Paul Black (Co-director) Professor Wynne Harlen (Co-director)?

Jonathan Osborne
Centre for Educational Studies

King’s College London
University of London
Cormnwall House Annexe
Waterloo Road

London SE1 8TX

Tel: 071-872-3094

Terry Russell

Centre for Research in Primary Science

and Technology
Department of Education
University of Liverpool
126 Mount Pleasant
Liverpool L3 5SR

Tel: 051-794 3270

Project Researchers

Pamela Wadsworth (from 1989)

Derek Bell (from 1989)

Ken Longden (from 1989)
Adrian Hughes (1989)

Linda McGuigan (from 1989)
Dorothy Watt ((1986-89)

Associated Researchers

John Meadows Bert Sorsby

(South Bank Polytechnic) John Entwistle
(Edge Hill College)

LEA Advisory Teachers

Maureen Smith (1986-89) Joan Boaden

(ILEA) Karen Hartley

1 Now Director of the Scottish Council for Research in Education, 15 St John St, Edinburgh,

EH8 8IR

Kevin Cooney (1986-88)
(Knowsley)

Joyce Knaggs (1986-88)
Heather Scott (from 1989)
Ruth Morton (from 1989)
(Lancashire)



PRIMARY SPACE PROJECT
RESEARCH REPORT

September 1992

Processes of Life

by
JONATHAN OSBORNE, PAM WADSWORTH
and PAUL BLACK

LIVERPOOL UNIVERSITY PRESS



First published 1992 by
Liverpool University Press
PO Box 147, Liverpool L69 3BX

Copyright © 1992 Liverpool King's SPACE Project

All rights reserved. No part of this book may be
reproduced, stored in a retrieval system, or
transmitted, in any form or by any means,
electronic, mechanical, photocopying, recording,
or otherwise, without the prior written permission
of the copyright owner.

British Library Cataloguing in Publication Data
Data are available
ISBN 0 85323 178 8

Printed and bound by
Dotesios Limited, Trowbridge, England



CONTENTS
INTRODUGCTION......cocsavvssesvissmniismsmasviisss |
. PREVIOUS RESEARCH........cccccoserrnesanosescrnsoncees 7
+ METHODOLOGY suvsscnnvnssivssviannivessssring 15

. CHILDREN’S IDEAS ABOUT

THE PROCESSES OF LIFE.........cccccorenseesssaasnnnores 22

. THE INTERVENTION PHASE........cisucsincicincssinn 46

. THE EFFECTS OF THE INTERVENTION................ 51

. SUMMARY & CONCLUSIONS..........cccccevvvrunnen.... 84

s APPENIMCES ..o iimwmnymivmsbiisisisivmsiasssiss Al



INTRODUCTION

This introduction provides an overview of the SPACE Project and its programme of

research.

The Primary SPACE Project is a classroom-based research project which aims to

establish

» the ideas which primary school children have in particular science concept

aredas.

* the possibility of children modifying their ideas as the result of relevant

experiences.

The research is funded by the Nuffield Foundation and the publishers, Collins
Educational, and is being conducted at two centres, the Centre for Research in Primary
Science and Technology, Department of Education, University of Liverpool and the
Centre for Educational Studies, King's College, London. The joint directors are
Doctor Wynne Harlen and Professor Paul Black. The following local education
authorities have been involved: Inner London Education Authority, Knowsley and

Lancashire.

The Project is based on the view that children develop their ideas through the
experiences they have. With this in mind, the Project has two main aims: firstly, to
establish (through an elicitation phase) what specific ideas children have developed and
what experiences might have led children to hold these views; and secondly, to see
whether, within a normal classroom environment, it is possible to encourage a change
in the ideas in a direction which will help children develop a more 'scientific’
understanding of the topic (the intervention phase).

In the first phase of the Project from
1987 to 1989 eight concept areas
were studied:

Electricity

Evaporation and condensation
Everyday changes in non-living
materials

Forces and their effect on movement
Growth

Light

Living things' sensitivity to their
environment

Sound

In the second phase of the Project
during 1989 and 1990, a further ten
concept areas were studied:

Earth

Earth in space

Energy

Genetics and evolution

Human influences on the Earth
Processes of life

Seasonal changes

Types and uses of materials
Variety of Life

Weather

Research Reports are usually based on each of these concept areas; occasionally where
the areas are closely linked, they have been combined in a single report.
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The Project has been run collaboratively between the University research teams, local
education authorities and schools, with the participating teachers playing an active role
in the development of the Project work.

Over the life-span of the Project a close relationship has been established between the
University researchers and teachers, resulting in the development of techniques which
advance both classroom practice and research. These methods provide opportunities,
within the classroom, for children to express their ideas and to develop their thinking
with the guidance of the teacher, and also help researchers towards a better
understanding of children's thinking.

The Involvement of the Teachers

Schools and teachers were not selected for the Project on the basis of a particular
background or expertise in primary science. In the majority of cases, two teachers per
school were involved. This was advantageous in providing mutual support. Where
possible, the Authority provided supply cover for the teachers so that they could attend
Praject sessions for preparation, training and discussion during the school day.
Sessions were also held in the teachers' own time, after school.

The Project team aimed to have as much contact as possible with the teachers
throughout the work to facilitate the provision of both training and support. The
diversity of experience and differences in teaching style which the teachers brought
with them to the Project meant that achieving a uniform style of presentation in all
classrooms would not have been possible, or even desirable. Teachers were
encouraged to incorporate the Project work into their existing classroom organisation so
that both they and the children were as much at ease with the work as with any other
classroom experience.

The Involvement of Children

The Project involved a cross-section of classes of children throughout the primary age
range. A large component of the Project work was classroom-based, and all of the
children in the participating classes were involved as far as possible. Small groups of
children and individuals were selected for additional activities or interviews to facilitate
more detailed discussion of their thinking.

The Structure of the Project

In the first phase of the Project, for each of the concept areas studied, a list of concepts
was compiled to be used by researchers as the basis for the development of work in that
area. These lists were drawn up from the standpoint of accepted scientific
understanding and contained concepts which were considered to be a necessary part of
a scientific understanding of each topic. The lists were not necessarily considered to be
statements of the understanding which would be desirable in a child at age eleven, at the
end of the Primary phase of schooling. The concept lists defined and outlined the area
of interest for each of the studies; what ideas children were able to develop was a matter
for empirical investigation.
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In the second phase of the Project, the delineation of the concept area was informed by
the National Curriculum for Science in England and Wales. The concept area was
broken into a number of themes from which issues were selected for research. Themes
sometimes contained a number of interlocking concepts; in other instances, they
reflected only one underlying principle.

Most of the Project research work can be regarded as being organised into two major
phases each followed by the collection of structured data about children’s ideas. These
phases called 'Exploration’ and ‘Intervention', are described in the following
paragraphs and together with the data collection produce the following pattern for the
research.

Phase la Exploration

Phase 1b Pre-Intervention Elicitation
Phase 2a Intervention

Phase 2b Post-Intervention Elicitation

The Phases of the Research

For the first eight concept areas, the above phases were preceded by an extensive pilot
phase. Each phase, particularly the pilot work, was regarded as developmental;
techniques and procedures were modified in the light of experience. The modifications
involved a refinement of both the exposure materials and the techniques used to elicit
ideas. This flexibility allowed the Project team to respond to unexpected situations and
to incorporate useful developments into the programme.

Pilot Phase

There were three main aims of the pilot phase. They were, firstly 1o trial the techniques
used to establish children's ideas, secondly, to establish the range of ideas held by
primary school children, and thirdly, to familiarise the teachers with the classroom
techniques being employed by the Project. This third aim was very important since
teachers were being asked to operate in a manner which, to many of them, was very
different from their usual style. By allowing teachers a 'practice run’, their initial
apprehensions were reduced, and the Project rationale became more familiar. In other
words, teachers were being given the opportunity to incorporate Project techniques into
their teaching, rather than having them imposed upon them.

Once teachers had become used to the SPACE way of working, a pilot phase was no
longer essential and it was not always used when tackling the second group of concept
areas. Moreover, teachers had become familiar with both research methodology and
classroom techniques, having been involved in both of them. The pace of research
could thus be quickened. Whereas pilot, exploration and intervention had extended
over two or three terms, research in each concept area was now reduced to a single
lerm.

In the Exploration phase children engaged with activities set up in the classroom for
them to use, without any direct teaching. The activities were designed to ensure that a
range of fairly common experiences (with which children might well be familiar from
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their everday lives) was uniformly accessible to all children to provide a focus for their
thoughts. In this way, the classroom activities were to help children articulate existing
ideas rather than to provide them with novel experiences which would need to be
interpreted.

Each of the topics studied raised some unique issues of technique and these distinctions
led to the Exploration phase receiving differential emphasis. Topics in which the
central concepts involved long-term, gradual changes, such as 'Growth', necessitated
the incorporation of a lengthy exposure period in the study. A much shorter period of
exposure, directly prior to elicitation was used with topics such as 'Light’ and
‘Electricity’ which involve 'instant’ changes.

During the Exploration teachers were encouraged to collect their children's ideas using
informal classroom techniques. These techniques were:

i Using Log-Books (free writing/drawing)
Where the concept area involved long-term changes, it was suggested that
children should make regular observations of the materials, with the frequency
of these depending on the rate of change. The log-books could be pictorial or
written, depending on the age of the children involved, and any entries could be
supplemented by teacher comment if the children's thoughts needed explaining
more fully. The main purposes of these log-books were to focus attention on
the activities and to provide an informal record of the children's observations
and ideas.

i Structured Writing/Annotated Drawing
Writing or drawings produced in response to a particular question were
extremely informative. Drawings and diagrams were particularly revealing
when children added their own words to them. The annotation helped to clarify
the ideas that a drawing represented.

Teachers also asked children to clarify their diagrams and themselves added
explanatory notes and comments where necessary, after seeking clarification
from children.Teachers were encouraged to note down any comments which
emerged during dialogue, rather than ask children to write them down
themselves. It was felt that this technique would remove a pressure from
children which might otherwise have inhibited the expression of their thoughts.

iii Completing a Picture
Children were asked to add the relevant points to a picture. This technique
ensured that children answered the questions posed by the Project team and
reduced the possible effects of competence in drawing skills on ease of
expression of ideas. The structured drawings provided valuable opportunities
for teachers to talk to individual children and to build up a picture of each
child's understanding.

iv Individual Discussion
It was suggested that teachers use an open-ended questioning style with their
children. The value of listening to what children said, and of respecting their
responses was emphas:sed as was the tmparrance of clan}fvmg rhe meamng of
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words children used. This style of questioning caused some teachers to be
concerned that, by accepting any response whether right or wrong, they might
implicitly be reinforcing incorrect ideas. The notion of ideas being acceptable
and yet provisional until tested was at the heart of the Project. Where this
philosophy was a novelty, some conflict was understandable.

In the Elicitation which followed Exploration, the Project team collected structured data
through individual interviews and work with small groups. The individual interviews
were held with a random, stratified sample of children to establish the frequencies of
ideas held. The same sample of children was interviewed pre- and post-Intervention so
that any shifts in ideas could be identified.

Intervention Phase

The Elicitation phase produced a wealth of different ideas from children, and produced
some tentative insights into experiences which could have led to the genesis of some of
these ideas. During the Intervention, teachers used this information as a starting point
for classroom activities, or interventions, which were intended to lead to children
extending their ideas. In schools where a significant level of teacher involvement was
possible, teachers were provided with a general framework to guide their structuring of
classroom activities appropriate to their class. Where opportunities for exposing
teachers to Project techniques had been more limited, teachers were given a package of
activities which had been developed by the Project team.

Both the framework and the Intervention activities were developed as a result of
preliminary analysis of the Pre-Intervention Elicitation data. The Intervention strategies
were:

(a) Encouraging children to test their ideas.
It was felt that, if pupils were provided with the opportunity to test their ideas in
a scientific way, they might find some of their ideas to be unsatisfying. This
might encourage the children to develop their thinking in a way compatible with
greater scientific competence.

(b) Encouraging children to develop more specific definitions for
particular key words.
Teachers asked children to make collections of objects which exemplified
particular words, thus enabling children to define words in a relevant context,
through using them.

(¢) Encouraging children to generalise from one specific context to
others through discussion.
Many ideas which children held appeared to be context-specific. Teachers
provided children with opportunities to share ideas and experiences so that they
might be enabled to broaden the range of contexts in which their ideas applied.

(d) Finding ways to make imperceptible changes perceptible.
Long-term, gradual changes in objects which could not readily be perceived
were problematic for many children. Teachers endeavoured to find appropnate
_ways of making rhese changes percep nbl’e
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could 'disappear’ visually yet still be sensed by the sense of smell - as in the
case of perfume - might make the concept of evaporation more accessible to
children.

(e) Testing the 'right' idea alongside the children's own ideas.
Children were given activities which involved solving a problem. To complete
the activity, a scientific idea had to be applied correctly, thus challenging the
child'’s notion. This confrontation might help children to develop a more
scientific idea.

(f) Using secondary sources.
In many cases, ideas were not testable by direct practical investigation. It was,
however, possible for children's ideas to be turned into enquiries which could
be directed at books or other secondary sources of information.

(g) Discussion with others.
The exchange of ideas with others could encourage individuals to reconsider
their own ideas. Teachers were encouraged to provide contexts in which
children could share and compare their ideas.

In the Post-Intervention Elicitation phase the Project team collected a complementary set
of data to that from the Pre-Intervention Elicitation by re-interviewing the same sample
of children. The data were analysed to identify changes in ideas across the sample as a
whole and also in individual children.

These phases of Project work form a coherent package which provides opportunities
for children to explore and develop their scientific understanding as a part of classroom
activity, and enables researchers to come nearer to establishing what conceptual
development it is possible to encourage within the classroom and the most effective
strategies for its encouragement.

The Implications of the Research

The SPACE Project has developed a programme which has raised many issues in
addition to those of identifying and changing children's ideas in a classroom context.
The question of teacher and pupil involvement in such work has become an important
part of the Project, and the acknowledgement of the complex interactions inherent in the
classroom has led to findings which report changes in teacher and pupil attitudes as
well as in ideas. Consequently, the central core of activity, with its data collection to
establish changes in ideas should be viewed as just one of the several kinds of change
upon which the efficacy of the Project must be judged.

The following pages provide a detailed account of the development of the Processes of
Life topic, the Project findings and the implications which they raise for science
education.

The research reported in this and the companion research reports, as well as being of
intrinsic interest, informed the writing and development with teachers of the Primary
SPACE Project curriculum materials, to be published by Collins Educational.
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