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Preface

This UNESCO sourcebook has been prepared as a supplement to the Unesco
Handbook for Science Teachers' and the New Unesco Source Book for Science
Teaching.? It is part of UNESCO’s contribution to the efforts by various organ-
izations and Member States to improve science teaching, especially at the
primary level.

The origins of this book go back to the early 1980s when the Committee
on the Teaching of Science of the International Council of Scientific Unions
(ICSU-CTS) set up a Sub-committee on Elementary Science (SES). This sub-
committee’s discussions as to how to improve primary/elementary school
science education led to the conclusion that primary-school science-teachers’
training ‘programmes as a whole did not provide eflective preparation for
teaching active and relevant science. In view of the priority that Unesco is
placing on basic education, its limited resources would appear to be best
directed to teacher educators.

The authors of this book, Jos Elstgeest and Wynne Harlen, were for many
years the surviving and active members of SES. In the early 1980s the latter put
together The Training of Primary Science Educators — A Workshop Approach’
written by three SES members: herself, Jos Elstgeest and Dr Juan-Manuel
Gutierrez-Vazquez of Mexico.

This book is divided into two parts: Part One, by Wynne Harlen, Director
of the Scottish Council for Research in Education, deals with methods of
teaching relating to a view of active learning in science; Part Two, by Jos
Elstgeest, a specialist in in-service primary-school science-teacher training in

1. Unesco Handbook for Science Teachers, Paris/{l.ondon, UNESCO/Heinemann, 1980,
199 pp.

2. New Unesco Source Book for Science Teaching, Paris, UNESCO, 1973, 270 pp.

3. Wynne Harlen (ed.), The Training of Primary Science Educators - A Workshop Approach,
Paris, UNESCO, 1984, 91 pp. (Science and Technology Education Document Series, 13.)



the Netherlands, provides exemplary materials for classroom activities. The
two parts are intended to be used together, not in sequence; their style is direct
and aimed to encourage teachers to try the ideas suggested.

This publication is designed for use in workshops for teachers in either
pre-service or in-service contexts. The word ‘workshop’ is used here as a short-
hand way of indicating an active learning experience in which the learner
creates meaning and understanding through his or her own mental and phys-
ical activity.

In preparing this publication, the authors have made considerable use of
ideas and materials generated through national, regional and international
seminars sponsored largely by UNESCO, the Commonwealth Secretariat and
ICSU-CTS. However, the authors are responsible for the choice and the pres-
entation of the facts contained in this book and for the opinions expressed
therein, which are not necessarily those of UNESCO and do not commit
the Organization.
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Introduction

The origins of this book

Many international organizations and individual science educators from diffe-
rent parts of the world have contributed in one way or another to the produc-
tion of this book. It might be said to have begun in the establishment by the
Committee on the Teaching of Science of the International Council of Scien-
tific Unions (ICSU-CTYS) of a Sub-committee on Elementary Science (SES) in
the early 1980s. Jos Elstgeest and Wynne Harlen were for many years the sur-
viving and active members of this sub-committee, whose discussions as to how
to improve primary/elementary school science education led to the conclusion
that our very limited efforts were best directed at teacher educators, since
primary-school teacher-training programmes were generally lacking in pro-
viding effective preparation for teaching active and relevant science.

With the support of UNESCO the SES prepared The Training of Primary
Science Educators — A Workshop Approach.! A further activity was a brief Inter-
national Workshop on Primary Science held immediately after the ICSU-
sponsored Conference on Science and Technology Education held in Banga-
lore, India, in 1985, with support from UNESCO and the International Coun-
cil of Associations for Science Education (ICASE) and the British Council.
Then the Commonwealth Secretariat and UNESCO proposed to co-operate in
taking the work further by launching a project whose aims were: in the short
term, to bring together a small group of educators with expertise in primary-
school science to plan a training workshop for teacher trainers and prepare
draft materials; in the medium term, to bring together teacher trainers, mostly
from Third World countries, for workshops using the approach exemplified in

1. Wynne Harlen (ed.), The Training of Primary Science Educators - A Workshop Approach,
Paris, UNESCO, 1984, 91 pp. (Science and Technology Education Document Series, 13.)
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Introduction

the materials; and in the long term, to collect together and develop further
workshop materials for use in pre-service and in-service courses and make
them available to teachers and to those providing courses for teachers.

The first of these aims was achieved through a small international seminar
convened in Liverpool in December 1986. The second was achieved initially
through an international seminar held in Barbados in 1987 and attended by
twenty-six participants from seventeen countries. The seminar was organized
by the Commonwealth Secretariat and UNESCO, supported by ICSU-CTS,
ICASE and the British Council and co-directed by Professor Wynne Harlen,
then of Liverpool University, and Dr Winston King, of the University of the
West Indies. The aim of the seminar was that participants would subsequently
run national and regional workshops along similar lines, using the ideas and
materials generated and used in Barbados. The realization of this aim took the
form of two workshops in the Caribbean (one in Uganda and one in Malaysia),
a South-East Asia regional seminar held in Western Samoa in 1989 and an
African regional workshop held in Nigeria in 1990.

The value of the workshop materials has been evident in supporting these
activities and the purpose of this volume, which is the achievement of the
long-term aim of the Commonwealth Secretariat/UNESCO project, is to
extend this help more widely. The present book is therefore intended for use
in teacher-education courses - pre-service or in-service; it is best used when
the activities suggested can be carried out and discussed by students or teach-
ers in groups. However, the needs of the individual teacher, without access to
in-service courses, have been borne in mind and the book can also be used for
independent study.

In preparing this volume to cover more ground than was possible in the
project seminars and workshops, it has been necessary to produce a consider-
able amount of new material. Many of the participants at the Barbados seminar
will recognize their contributions, particularly Kamala Peiris and Sheila Jelly,
whose work is acknowledged with great gratitude. However, the bulk of Part
One of the book has been written by Wynne Harlen and of Part Two by Jos
Elstgeest; Wynne Harlen brought it together as overall editor.

Intended use

The material here is designed for use in workshops for teachers in either pre-
service or in-service contexts. The word ‘workshop’ is used to convey a parti-
cular active approach to teacher education which the authors feel is essential.
The idea of active learning involves both physical and mental activity. Partici-
pation in the creation of ideas (even if others have already arrived at them) is
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Introduction

essential to learning with understanding at all levels. This way of learning
promotes the important feature of ‘ownership’ of ideas and is relevant to all
learners, not just to children.

A workshop is merely a shorthand way of indicating a learning experience
in which the learner creates meaning or understanding through his or her own
mental and physical activity. What is provided as a basis for this action can be
objects or materials to investigate or use, or problems to solve, or evidence to
examine and discuss. The outcome may be an artefact, a solution to a problem,
a plan, the recognition of a new relationship between things, a critique or a set
of criteria. Perhaps the most important product, however, is a greater under-
standing of how to achieve such outcomes.

For teachers to understand fully the meaning of active learning it is im-
portant for them to have experienced it for themselves and so this is one reason
for advocating a large element of workshop activity in a teacher-education
course. To help children learn in this way it is necessary to understand, not just
at an intellectual level, but in terms of practice, what it means to carry out
observation, to hypothesize, to make a prediction, to plan an investigation, and
so on. This is a tall order for those who may never in their own education have
had opportunity to create and test a hypothesis based on their own ideas.

Further, not only do teachers and intending teachers need to experience
these things for themselves but to do so in a context where discussion can turn
to analysing the role of process skills and concepts in their learning, to reflect-
ing on the sorts of activities which encourage use of these skills and concepts,
to considering the teacher’s role in these activities and to identifying the range
of class organizations, strategies and resources which are required.

This way of learning does not have to be restricted to developing personal
knowledge of science. It can and should be applied to all the learning expe-
riences in a teacher-education course. It means starting from the ideas which
are already present and working with the learner, making use of evidence
(from previous experience and logical argument as well as direct observation,
since we are dealing with adults) to change them. Working in this way has a
double benefit in bringing about understanding relating to the nature of learn-
ing and at the same time being the most effective way for teachers to learn the
skills and abilities required for effective science teaching.

The structure of this book

The two parts of this book are intended to be used together, not in sequence.
The reason for separating them is to provide flexibility so that those designing
courses can make whatever selection and mixture of methodological and prac-
tical elements which are appropriate for their particular purposes.

13
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Part One deals with the methods of teaching related to active learning,
which is explained in the first chapter, about learning in science. Through
workshop activities ideas are introduced about how children gradually form a
scientific understanding of their environment, the role in this of process skills,
the identification of these skills and the importance of children’s initial ideas
as starting-points in learning.

Chapter 2 provides some directed activities in science and technology for
teachers and students to try for themselves and then with children. These
include ‘fair testing’ activities, simple technology and some hypothesis testing
activities. Suggestions are given for how to organize activities for children.

Chapter 3 discusses the activities carried out in Chapter 2 in terms of what
the ‘doer’ (teacher or child) did, pointing out the aspects which make the
activity one of learning science. A check-list is presented for use in identifying
the science in activities and deciding how these can be adapted to improve the
opportunities for active learning.

Chapter 4 takes up the meaning of process skills through activities which
are described as a ‘process circus’. The discussion leads to suggested ‘indica-
tors’ for process skills and attitudes.

Chapter 5 starts from the importance of developing process skills and atti-
tudes. The general nature of progression in process skills is described, fol-
lowed by suggestions as to how teachers can help this in promoting develop-
ment in each of the process skills.

Chapter 6 links back to Chapter 1 and the discussion of children’s existing
ideas and the view of learning as change in these initial ideas. The develop-
ment of children’s ideas is described in general terms, highlighting the nature
of progress and general strategies for helping children to develop their ideas in
the direction of this progress.

Chapter 7 is about language and reporting in science. The importance of
discussion among children in the development of their ideas is a theme
throughout the book, but here it is examined more closely. The relationship of
language and thought is explored through transcripts of conversations be-
tween teacher and child. The problem of whether and when to introduce
scientific vocabulary is addressed and ways of finding out the meaning chil-
dren attach to the ‘scientific’ words they use are proposed. Ways of encourag-
ing children to communicate their thinking and findings in writing are also
discussed.

Chapter 8 is about children’s questions; the importance of asking all kinds
of questions and discussion of those particularly useful in science. Workshop
activities include categorizing questions and identification of the kinds of
teachers’ questions which encourage children to investigate and use process
skills.

Chapter 9 is about using the environment outside the classroom for
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science, starting with the idea of an observation trail and providing guidelines
for how to develop one in any school grounds. Ideas for more sustained scien-
tific study of the natural environment are introduced and can be related to the
material in Chapter 15.

Chapter 10 is the first of two on the assessment of learning. It gives a brief
introduction to the principles of assessment in different ways for different pur-
poses. It makes a case for assessment as part of teaching in terms of the import-
ance of matching. Various methods are introduced for assessing children’s
ideas as part of normal classroom activities and for assessing skills and attitudes
by observation. Attention is drawn to the importance of planning activities
with assessment in mind.

Chapter 11 deals with formal assessment of scientific concepts and skills.
Tests, examinations and other formal assessments need to be consistent with
the objectives of active learning if it is to be genuinely practised. Examples are
provided for critical study of written questions which assess understanding
rather than recall and some process skills; ideas are given for developing such
questions.

Chapter 12 gives further and more detailed attention to evaluating learn-
ing opportunities in science for all pupils. Check-lists are exemplified which
teachers can use to evaluate the opportunities they are providing for active
learning and the extent to which pupils are taking advantage of these oppor-
tunities. Particular attention is given to the provision of appropriate opportun-
ities for pupils of both sexes, those of different ethnic backgrounds, and those
with language and other learning difficulties.

Part Two of the book provides exemplary classroom activities which are
intended to be used by teachers during courses as well as with children. Their
use in teacher-education courses involves teachers or student teachers in
doing some science activities, at their own level, but in the way in which it is
hoped they will do science activities for their children. The experience of
active learning is the only way for teachers or others really to understand what
it means and, moreover, it invariably creates the excitement and enthusiasm
for science which teachers require and which few have had the opportunity to
experience in their own education.

Chapter 13 gives a general introduction to the use of the classroom activ-
ities, which are, of course, only intended to be examples, not a complete pro-
gramme, on any of the topics. The concrete examples provide the best oppor-
tunity to discuss the pros and cons of worksheets and it is suggested that part of
the engagement of teachers with the activities should be to produce and criti-
cize worksheets of their own.

Chapters 14 to 17 each have the same pattern: a brief introduction fol-
lowed by a number of pages which present activities in an open way which
invites inquiry.

15



PART ONE

Developing understanding
and skills for teaching
primary-school science

Wynne Harlen



Chapter 1

About learning in science

Introduction

In this first chapter we discuss some of the central reasons for promoting active
learning in science. It is most important for teachers to have a rationale which
makes sense to them and explains to others why children should have certain
learning experiences. This rationale relates to the nature of scientific activity,
what it means to learn science and how learning is brought about. Views of
these things have a profound influence on the activities teachers provide for
children, how they organize and manage their classrooms, what role they
adopt, the way they use equipment and materials, and the criteria they use in
assessing and evaluating the success of the work.

To substantiate this claim, suppose, just for the sake of the argument, that
a particular teacher’s view of learning is that it is a matter of rote memor-
ization. This teacher will provide learning experiences which expose children
to accurate facts and encourage them to memorize procedures and algorithms.
To do a good job of this the teacher will probably provide the information in
digestible packets, each to be mastered before the next is attempted. The class
will be arranged to optimize exposure to information from the teacher, from
the blackboard and from books and to minimize interference from
non-authoritative sources, such as other children. The teacher’s role will be
seen as to ensure attention, to present information clearly and to reward accu-
rate recall; the pupil’s role is to attend, to memorize and to recall; materials
may be used to illustrate applications of facts already learned or simply to add
interest and prevent boredom. Assessment criteria will be defined in terms of
recall of information.

If the teacher has a different view of learning, where the learner is active
in creating understanding and using process skills to test and modify ideas (as
discussed later in this chapter), then the classroom provision consistent with it
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About learning in science

will clearly be quite different from that described for rote learning. Now the
experiences provided will enable pupils actively to seek evidence through
their own senses, to test their ideas and to take account of others’ ideas through
discussion and using sources of information; the organization will facilitate
interaction of pupils with materials and pupils with pupils; the teacher’s role
will be to help children to express and test their ideas, to reflect upon evidence
and to question the way they carry out their investigations; the materials have a
central role in providing evidence as well as arousing curiosity in the world
around. The assessment criteria must include reference to process skill de-
velopment and understanding of ideas, and not neglect the development of
scientific attitudes.

Both of these teachers provide a learning environment which is consistent
with their view of learning. Many teachers cannot provide all the opportunities
for their children which they value and would like to provide, but they find
ways of minimizing the effect of the constraints on their work and they are
aware of the shortcomings of some of the children’s classroom experiences. It
is the self-imposed constraints under which some teachers work — because of a
limited view of science and of learning in science -~ which can be avoided.
Thus it is important to begin by discussing the nature of learning in science.

Scientific activity

Science is a human enterprise through which we come to some understanding
of the biological and physical aspects of the world around. This ‘understand-
ing’ involves the development of ideas or concepts which enable related situ-
ations, objects or events to be linked together so that past experience enables
us to make sense of new experience.

Developing concepts is an essential part of all learning, not just in science.
If we did not develop concepts, then each new object we encounter would
cause us a problem of identification; we would not be able even to identify a
chair for what it is unless it was identical to one with which we were already
familiar. But as it is we can recognize a chair we have never seen before as a
chair, or a previously unknown living thing as living, or realize that something
which seems to disappear in water has dissolved rather than vanished, because
we already have ideas which help us make sense of these things.

Building up ideas about the scientific aspects of the world is the business
of science and of science education. The ideas of science change as scientists
extend their explorations and expose their theories to wider testing. In
attempting to understand something new, scientists use existing ideas and test
the extent to which they fit the evidence from the new situation or object
under investigation. The result of this testing may be the confirmation that the

20
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existing ideas do fit and help in understanding the new observations, or it may
reveal the need to modify or perhaps entirely reject the use of existing ideas
because they do not fit new evidence. Similarly, in learning science the ideas
that an individual has gradually change as experience and ability to reflect on
experience accrue.

Before discussing children’s learning, it is useful to examine a specific
learning experience. Here is a problem to think about. It leads to some investi-
gations which will involve ideas about light. Think out your reasons for the
answers you give.

If you have a chance to do this in a group with others, exchange answers
and ask others for their reasons.

THROWING SOME LIGHT ON LEARNING

Imagine there is a very small candle or taper burning in a large, dark
room. As you gradually move away from it, it becomes fainter and fain-
ter. At some distance, you cannot see it any more:
1. Would the distance at which this happens be the same if the room
were lit up?
2. If not, would the distance at which you cannot see the candle be
shorter or longer than when the room is dark?
3. If the candle were replaced by a small white ball (table tennis ball,
for example), what would your answers be to these same questions?

Now try the investigation in practice. It needs a surprisingly small light
source — no more than the glow of a cigarette. However, a healthier small
source can be arranged by linking several small bulbs in series to a 1.2 volt cell
and covering all but one bulb. The area where you work does not have to be
completely dark; any place where the lighting varies or can be changed will do
(even outside).

Have you found out anything which has changed your first ideas?

Think about things other than the ambient lighting which might make a
difference to how far away the candle can be seen. First make predictions; say
what you would expect to make a difference, what difference it would make
and give your reasons.

Then test your ideas in practice.

21
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Reflecting on learning in science

Reflecting on these and on other learning experiences which you may recall,
you were developing greater or new understanding by testing initial ideas
against evidence. If necessary, you changed your ideas so that they agreed with
the evidence. Building ideas in this way is at the heart of science and of science
education.

If we now change focus from the ideas about light to the way in which the
ideas were tested and used, you will probably find that in these activities you
have been:

» making predictions (saying what you think will happen on the basis of
your ideas and previous experience);
» giving hypotheses (suggesting explanations for what you think will hap-
pen or for what does happen);
» planning and then carrying out an investigation to test your predictions;
« making observations (looking at what happens);
 interpreting observations;
+ communicating with others about your and their ideas.
These are among the activities often described as the processes or methods of
science. They are chiefly mental skills, but also involve some associated phys-
ical skills. They are concerned with processing evidence and ideas, and so are
often called process skills.

Through using these process skills you may have clarified, queried, per-
haps modified, or in other ways developed your initial ideas or concepts about
light and how things are seen. This development is not an automatic process,
however. What results from trying out ideas depends on the way in which they
are tried out. If these processes are not carried out in a rigorous and scientific
manner, then the emerging ideas will not necessarily fit the evidence; ideas
may be accepted which ought to have been rejected, and vice versa. Thus the
development of ideas depends crucially on the processes used.

In the case of children, we know that they often observe superficially,
looking for confirmation of their ideas rather than being more open-minded
and using all the evidence available; we know that their first attempts at pre-
diction are really based on what they already know to be the case rather than
being true predictions; the tests they carry out are often far from being ‘fair’ or
controlled; they rarely check or repeat observations or measurements. Just as
their ideas or concepts are limited and immature, so are their process skills,
and both are capable of development.

The dependence of concept development on the way in which children
are tested - that is, on the use of process skills ~ provides one part of the ration-
ale for the importance of developing these skills. It cannot be too strongly
emphasized that attention to developing process skills is not for any supposed
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value in their own right, but because of their value in developing concepts.

A second part of the rationale for giving attention to process skills is im-
plicit in the type of learning just described, learning in which the learner col-
lects the evidence and does the reasoning, making the ideas his or her own.
This is what we may call learning with understanding. Learning without
understanding, as in rote memorization, does not require the use of process
skills. We need not linger long on the faults of rote learning, but it is worth
observing that much science was (and probably is) taught in a way which
leaves pupils little option but to learn facts by heart. This leads to science
being regarded as a mystery, as not making sense and has nothing to do with
understanding the world around, which is surely the aim of our science educa-
tion. Moreover we want pupils and future citizens to feel at ease with science,
to know its strengths and weaknesses, even if they are not practising science,
and the best way of achieving this is through experience of finding things out
and working out ideas.

We now consider at a theoretical level how learning, in terms of the devel-
opment of ideas, depends on the way of gathering evidence and testing ideas.

The role of process skills in learning

We have just seen that the understanding of the world around depends on the
development of concepts, but this development depends on the use of the pro-
cess skills. The two are interdependent: as concepts gradually become more
sophisticated, so process skills need to be refined and extended. Development
of both must go hand in hand.

It may be helpful to represent the linking of ideas to new experiences by
the following diagram. The circles I}, I, and I, represent various existing ideas
and E represents a new experience.

‘%‘
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One of the existing ideas is linked to the new experience in preference to
other possibilities because of some perceived similarities. The processes
involved in this may include observing, hypothesizing and communicating
(words often trigger links). The idea which has been linked is then tested
against evidence to see whether or not it helps in making sense of the new
experience. If it does, it will emerge reinforced as a more useful idea, strength-
ened by having a wider range of applications. But whether or not this happens,
or whether the idea is found to need modification or should be rejected,
depends on the way in which the testing processes are carried out.

The testing processes include raising questions, predicting, planning and
carrying out investigations, interpreting and making inferences, and observ-
ing, measuring and communicating. In the figure below we have a simple
model of learning in which conceptual learning is seen as the modification
and expansion of existing ideas rather than the creation of new ideas. The pro-
cess depends on the learners using and testing ideas they already have.

P “\\.
E |-—-—"=—--—
~_ Op

Which one of the possibilities represented in the diagram occurs depends
not only on the existing ideas and the nature of the new experience, but on the
extent to which scientific process skills can be used. Here we should also add
that attitudes are also a determining factor in whether or not available skills
will be deployed.

If we now think of the new experience as being one provided in school so
that children can learn, then we see that process skills and attitudes exercise a
determining influence on the extent to which conceptual learning takes place.
The ideas and understanding which children achieve from an experience will
depend on their ability to carry out the processes scientifically. But, like con-
cepts, these skills and attitudes have to be developed gradually.
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Obijectives of learning science

The above discussion leads to a set of objectives for learning science which can
be expressed formally as concepts, process skills and attitudes. It is useful to
state these explicitly at the level of general statements which have universal
currency, encapsulating what is essential to learning science in any country,
any context and any culture. This is not to say that the learning activities of
children are universal. Far from it; these should be devised or selected so as to
relate to children’s interests and everyday experience, to appeal to and develop
their curiosity, to involve them in studying and trying to tackle real-life prob-
lems, and to help them understand their particular environment. Children
should be developing these concepts, process skills and attitudes through such
diverse activities.

THE CONCEPTUAL OBJECTIVES OF PRIMARY SCIENCE

The ideas children require to develop understanding of the scientific aspect of
the world around are variously expressed in different curricula. However,
when analysed they can be seen to fall under general headings of ideas about:

» the diversity of living things;

» the life processes and life cycles of plants and animals;

+ the interaction of living things with the environment;

¢ types and uses of materials;

« air, atmosphere and weather;

e water and its interaction with other materials;

¢ light, sound and music;

« effects of heating and cooling;

» movement and forces;

« soil, rocks and the Earth’s resources;

« the sky, solar system, planets and stars;

* magnetism and electricity.
The items in this list are not intended as a framework for constructing a teach-
ing scheme or programme of work. Other points already mentioned (relevance
to the children’s environment, interests, etc.) will bear on the nature of the
activities and the topics chosen for study. The items in the above list indicate
what children should be learning about through those topics and activities. So,
for example, the teaching may by organized around major themes such as:

» food and agriculture;

¢ health;

e traditional medicine;

* air;

* energy resources;
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» preserving the environment;

* water;

 industry.
Basic concepts are developed through studies within these topics. Indeed the
likelihood of understanding is far greater when ideas are studied in operation
in something familiar and important to the children than if they are presented
in isolation from their applications.

THE PROCESS-SKILL OBJECTIVES OF LEARNING SCIENCE

It has been found useful to express the process skills as in the format illustrated
below. The layout avoids any indication of a hierarchy or sequence in the use
of process skills. It also indicates that they are part of a whole, called scientific
investigation. In action, it is often difficult to identify their separate use, but

.. Raising

Hypothesizing questions
Observing
Predicting (comparing,
\ classifying)

Measuring
and calculating

and relationships
(inferring)

Manipulating
materials and
equipment

effectively

Communicating
effectively
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and planning

Designing
and making
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About learning in science

the analytical approach helps in making provision for their development. This
relationship to the whole process of investigation explains why ‘investigation’
is not listed as a skill - it is the amalgam of all those which are listed.

ATTITUDINAL OBJECTIVE OF LEARNING SCIENCE

A large number of attitudes can be seen to be relevant to active learning in
science. Some of these that have been identified are co-operativeness,
patience, honesty, cautiousness, open-mindedness, curiosity, flexibility in
thinking and critical thinking. Most of these are of general value and not speci-
fic to science. Indeed the nature of attitudes is that they are generalized aspects
of behaviour which describe a willingness to act or react in some way.
However, we can recognize the particular value for active learning of willing-
ness to:

» collect and use evidence;

» change ideas in the light of evidence (flexibility combined with open-

mindedness);
» review procedures critically (critical reflection).
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Chapter 2

Doing science: making a start

Introduction

This chapter is about teachers and children doing some practical investigative
science and technological problem-solving.

Teachers who have not taught science before, or not much, or have not
involved children in practical scientific investigations to any extent, may lack
confidence in making a start on such work.

Generally one of the important reasons for this lack of confidence is that
teachers have not experienced themselves the excitement and enjoyment of
learning from one’s own activity. Because of this, we begin with some science
and technology for teachers to do. Later we will tackle other reasons for lack of
confiderice: problems of class management, resources, etc. But the essential
thing is to have an understanding of what science activity means, an under-
standing which comes from within, and the knowledge which is created from
first-hand experience.

The following four activities are for teachers to carry out as adult inquir-
ers. There should be no attempt to pretend to be children, for the problems are
real and are to be tackled at an adult level. Later the same activities can be tried
with children and there will be some similarities and some differences in the
way they tackle the problems as compared with adults. It will be interesting to
reflect on these later in the discussion of scientific development.

Doing some science and technology

It is best to work with three or four others in a group if at all possible. Organize
the group so that a record of your activity is made by one person and so that
everyone is in agreement with what is done. Discuss all the ideas that are
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Doing science: making a start

put forward and make sure that everyone has a chance to have their ideas tried
out.

Except for Activity 4, use other equipment as well as that which is sug-
gested.

ACTIVITY I

Equipment: Pieces of four kinds of fabric taken from old clothes or left over
from making clothes or other sewing, a candle in a sand tray, matches, stiff
bare wire and clothes-pegs.

Question: Which of the fabrics is the least fire hazard?

The answer to this question is to be found by using the equipment and
finding out how the materials behave. You will probably find that you need to
discuss what is meant by ‘fire hazard’. This is deliberately left uncertain so that
you can consider different meanings and these may lead you to try testing the
fabrics in different ways. The group should discuss and agree on each test and
the necessary safety precautions before you do it. Don’t stop after one test; see
if different tests lead to different results.

When you have finished, prepare to report what you did and what you
found to others in other groups.

ACTIVITY 2

Equipment: A piece of thin wood or card about 120 cm x 40 cm held in a shal-
low curve and three tins of food of the same size, with their labels intact, called
A, B and C (A is a tin of soup, B a tin of beans and C a tin of meat).

r
bEe

Question: Release tins A and B together from one end of the curve and
watch them until they stop moving. Repeat with A and C and then with C and
B. How do you explain any differences in the way the tins move to and fro
across the board? Try to test out as many possible explanations (hypotheses) as
you can and devise plans to test any which you cannot do with the equipment
given.

Discuss how you are comparing the movement of the tins; there are sev-
eral possibilities which may not necessarily give the same results. ‘Brainstorm’
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Doing science: making a start

all the ideas about why the tins move differently. Test out as many ideas as you
can with the tins. Then devise a plan for trying out other ideas (or confirming
ideas which you feel are satisfactory). Indicate in your plan what you would
use (for instance, containers which you can fill with different things), what you
would do with them and what you would compare or measure to find the
result. If you have access to suitable equipment try out the investigation, but
only after you have - as a group - agreed a detailed plan.

ACTIVITY 3

Equipment: None.

Activity: Go outside and find a small creature (‘minibeast’) in its natural
habitat. Don’t move or touch it except to make it easier to observe. Study it in
the place where you find it.

Each person in the group should write down all the questions about the
creature which come to mind. Then pool your list of questions and discuss
each one. It may be that someone has made an observation which answers
another’s question, but if this is not the case discuss how you could find the
answer to each question. In particular, identify those questions which you
could answer by observing and exploring further the creature you have cho-
sen. Decide what you would need to do; then, if you have time, go and find the
answer from your minibeast.

ACTIVITY 4

Equipment: Some sheets of newspaper, a marble and a bottle top. No other
material of any kind to be used.

Problem: Within the time-limit of 20 minutes, make the tallest structure
that you can using the newspaper only. The structure must support the bottle
top placed upside down with the marble in it.

The group has to make one structure meeting this specification. The
time-limit has to be kept in mind so that the structure can be completed within
the time available.

Discussion of the activities

In these activities you have been involved in scientific and technological
thinking, learning and doing. You may or may not have been conscious of this,
but hopefully you were conscious of enjoying the activity. Enjoyment is a
powerful motivator and one which we should not neglect in teaching and
learning. It is important to realize how enjoyable practical activity is; there is
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Doing science: making a start

something particularly intriguing when thought and physical action are com-
bined. )

There are some other points to make about the activities as a group before
we consider each separately. They shared the following characteristics: (a)
they were all concerned with real problems or events; (b) they all used familiar
and ‘everyday’ materials and equipment; (c) they all involved a great deal of
discussion as well as action; (d) they could all be tackled in a variety of ways; (e)
there were no instructions to follow — working out what to do and how to do it
was part of the activity; and (f) each represented an approach which could be
used with other subject-matter.

Activity 1 is representative of a range of activities concerned with making
fair comparisons between things. Instead of ‘Which fabric is the least fire
hazard?’, the problem could have been ‘Which fabric is best for making a rain-
coat?’, ‘Which fabric is best for keeping you warm?’, “Which fabric is best for
keeping you cool?’, etc.

Instead of fabrics there could have been pieces of different kinds of paper,
chosen appropriately for questions such as ‘Which is best for soaking up
water?’ or ‘Which is best for protecting a parcel?’. There could be a compari-
son of types of ball for their suitability for different games or a comparison of
different kinds of wood for making a toy boat or a table. Leaves could be com-
pared for their ability to keep someone cool and plant fibres for their usefui-
ness in tying things together.

In all such activities there is an emphasis on ‘fairness’ in comparing one
thing with another. Fairness in this sense means treating the objects to be
compared in exactly the same way and not letting things vary in case they
could be influencing the result as well as the difference which is being investi-
gated. Probably you thought about this in testing the fabrics and took care to
set light to them in the same way for all pieces tested, to use equal sized pieces,
to test them in the same place so that draughts would not affect the way they
burned, etc. In doing this you were controlling these variables, that is, keeping
them the same so that they had no greater effect on one fabric than another.

In these types of problem, the words used are deliberately left slightly
vague so that the particular property of the material has to be decided (‘Which
is best for making a raincoat?’ rather than ‘Which lets the least water
through?’). Thus it makes the problem a real one and there is relevance to the
finding out.

Activity 2 is again one of a family of activities. In these cases the starting-
point is some phenomenon which can be observed easily and investigated
practically, either using the same equipment or something devised to repre-
sent it. The emphasis here is on explaining what is observed. Often everyday
happenings do not have a simple scientific explanation, but they are often
amenable to an approximate explanation which fits the evidence and which is
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Doing science: making a start

astep in the direction of a more sophisticated explanation. In many cases there
are several possible simple explanations (hypotheses); by testing them out, the
most likely can be identified.

In the case of the rolling tins you may have thought that the differences in
movement were caused by the weight, a slight difference in size of the tins or
something to do with the consistency of the contents. You could investigate
these ideas to some extent with the tins given, but to find out which one(s) of
these factors was making the difference it would be helpful to have some other
containers which could be filled with different things.

The point of the activity is not, however, to understand exactly what
makes the tins roll differently but to consider the possibilities, to recognize that
there are several likely answers and to realize that investigation can enable one
to eliminate some of them. This is the essence of scientific activity (as dis-
cussed in Chapter 1), in which understanding comes from refining ideas so
that they fit the evidence.

Other common happenings can be investigated in this way, particularly by
children whose ideas are uninfluenced by half-remembered ‘right’ answers as
sometimes happens with adults (for example, the misting of a window-pane of
a warm room when there is a sudden rainstorm).

Children will have many ideas about the reason for this which may seem
strange but should be tried out by devising appropriate (and fair) investiga-
tions. The effect can be reproduced to order by putting some ice inside an
empty food can (with the label removed so that there is a shiny surface).

Activity 3 illustrates an approach which can be used with a variety of diffe-
rent material. The prior step to extending knowledge is to ask questions. Ques-
tions identify what we do not know and so guide us to expanding our know-
ledge. Instead of living things the questions could have been stimulated, for
example, by a collection of rocks, pebbles or shells, a bird’s nest or a wasp’s
nest (found out of use) or an old tool or machine which is no longer in use. In
each case the questions raised will range widely and will not all be answerable
by scientific investigation. Later (see Chapter 8), there will be further dis-
cussion about types of questions and how to use them as a spring-board to
investigation.

Sharing questions within a group is an important activity for the following
reasons: (a) it shows everyone that they are not the only one who does not
know, but wants to know, something; (b) it often leads to some questions being
immediately answered by the observations which others have made, or from
their prior knowledge; (c) explaining questions to others helps to refine ones
which may not be clearly expressed (and this helps in seeking an answer); and
(d) people are likely to be interested in the questions others ask as well as in
their own.

Discussion of the questions in terms of how the answers might be found
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brings recognition that some can be answered by further observation and
exploration. These are the questions with which science is concerned and it is
important to distinguish them from other questions. The asking of all kinds of
question is to be encouraged in learning; in learning science the asking of
scientific questions clearly has an important part to play.

Activity 4 is different from the first three. It is not concerned with finding
out or testing material but with solving a given practical problem within
imposed constraints of materials and time. It is a technological problem. You
will have used some knowledge of structures and materials in making your
paper tower (for example, you knew that paper was not strong enough in single
sheets but that stronger components could be made from it). You also had a
well-defined goal and several constraints in reaching it. If you succeeded in
making a tower meeting the requirements in the time given then you solved
the problem, although you may not have made the most beautiful and sturdy
structure possible.

The essence of technology is to do what is possible to solve the problem within
the given constraints.

The essence of science is to reach the best understanding or explanation of cer-
tain events or phenomena consistent with the evidence.

There are many problems which can be devised to give experience of
technological activity using the simplest of materials, for example, building a
bridge from cardboard, making something which will allow an egg to be
dropped to the floor without breaking or making a foot-operated device that
will open a door. In everyday life, such problems do not have to be invented,
they occur all the time and there always has been some technology to solve
them. They also occur in scientific activity (for example, you had to solve a
technological problem in arranging for the burning of pieces of fabric). Thus
technology is important to science and science is important to technology
(providing the knowledge to be applied). But the interdependence of science
and technology does not make them the same. It is important for children to
have experience of both types of activity and gradually to recognize the differ-
ence between them.

Working with children

Now try out with children at least the first activity and if possible all four of the
activities described above. Make careful preparations beforehand but then do
not direct the children’s actions too closely. The organization described in
some detail below for Activity 1 can be adapted for the others.
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Doing science: making a start

ORGANIZATION FOR ACTIVITY I

If the children are too young to handle candles with safety, substitute one of
the other questions suggested above. Arrange the children in groups (mini-
mum three, maximum five). Introduce the problem to all the children by talk-
ing about the danger of inflammable clothing (or an equivalent topic if you
have chosen another problem).

Take care about the following points:

« that the children all understand the words being used (use words which
are likely to be familiar to them);
 that they understand the problem;
 that you move carefully from discussing the general problem to the prob-
lem that they are going to investigate (in this case to test certain kinds of
fabric that you have collected);
» that they realize that they are going to find the answer by testing the
fabrics (not by guessing which is best).
Before you distribute the equipment, tell the children to work as a group, shar-
ing the work and discussing what they are going to do. They should also make
sure that they keep a note of important things because they are going to have to
tell others about what they did.

When they start work there will be a period during which they explore the
fabrics and their activity may seem aimless, although they may come up with a
quick answer to the problem. Allow time for this initial exploration, if there is
a superficial answer offered, discuss with the group how they came to their
answer, ask them for evidence, to show you what they did. You can then dis-
cuss whether their ‘test’ was appropriate, whether it was ‘fair’; etc. Insist that
there is no competition and no race to be first to finish. Visit each group to
observe the progress. If necessary, gradually move the activity on by asking, for
example, how they are intending to test the fabrics so that the tests are fair and
how they will compare or measure something which is relevant to the property
being studied.

Let them carry out their tests, with due regard for safety.

Whilst they are doing this your role is to move from group to group, keep-
ing an eye on progress, asking questions if you are not sure why something is
being done. To help keep the groups on task it is useful to ask ‘How are you
going to . . . ?’ rather than ‘Have you done . . . ?’. But as long as they have a
thought-out procedure, let them try it, even if you can see that it may not be
very helpful. Later, in a discussion, you can ensure that they realize that they
did not select the best procedure when you ask them to criticize what they did
and to say how they might improve it.

Draw the investigations to a close by telling the children to prepare to
report what they have done, giving a time-limit for this preparation. There are
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Doing science: making a start

various ways of reporting and of conducting the discussion, depending on the
resources available and the experience of the children (see Chapter 7). Each
group might make a poster to display their work and put this on display for all
to see. One group might then be asked to talk about what they did, responding
to questions from other children (in later activities other groups will take a
turn to report orally).
The discussion is an important part of the activity and should not be

rushed or left out. It is an opportunity for the children to:

« reflect on what was done;

¢ learn from mistakes;

¢ hear about alternative suggestions;

+ learn to gently offer and politely receive constructive criticism.
Organize the class so that the children can sit and see comfortably, and tell
them the purpose of the discussion. Then ask one group to describe what they
did and found, and invite others to ask questions of the reporting group. Leave
any comments of your own until last and then start with a positive comment or
some praise for the group’s effort. Give the group members a chance to be self-
critical, first by asking if there is anything they would change to improve the
investigation if they were starting again. Do everything you can to build up
their confidence in being able to find things out by their own investigations.
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Chapter 3

What makes an activity scientific?

Introduction

Here we step back from the practical activity of the last chapter to reflect on
what was happening with a view to identifying the essential elements which
provide opportunity for learning science.

A check-list for reviewing activities

The following questions can be applied to any practical activity. Think of the
activities in Chapter 2 which you did and ask yourself whether or not, at some
point, you were involved in these things:
Handling and using objects and materials?
Observing events and materials closely and carefully?
Using senses other than sight?
Trying different things with the materials to see what happened?
Sorting and grouping the materials according to their similarities and dif-
ferences?
Discussing what was being done?
Making some kind of record of what was being done?
Communicating to others what was done and found?

9. Comparing what was found with what others found?
10. Being busy and absorbed in the activities for most of the time?
11. Raising questions about the materials and the investigation?
12. Puzzling over something that was found?
The answer is probably ‘yes’ to almost all, whichever activity you had in mind.
This means that you had experience of observing and manipulating materials,
discussing and communicating about what you were doing and trying to
understand what was found.
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What makes an activity scientific?

But these things happen in many practical activities which are not neces-
sarily scientific. Answering ‘yes’ to most of these questions indicates that there
was potential for scientific activity in what was experienced and to evaluate
whether or not the potential was realized to some extent it is necessary to probe
further.

So far the questions refer to processes of observation and communication
and attitudes which are common to many practical activities. These processes
and attitudes are desirable, and indeed necessary, for scientific activity but they
are not specific to it. To identify more specific aspects — those which dis-
tinguish scientific from other activity - other questions need to be posed.

Ask yourself whether or not at some point in the activity you were
involved in:

13. Raising a question which could be answered by further investigation?

14, Suggesting a hypothesis to explain something?

15. Devising a test relevant to the question being investigated or to another
question arising during the investigation?

16. Identifying and controlling variables which had to be kept the same for a
fair test?

17. Deciding what was to be compared or measured?

18. Attempting to make measurements using appropriate instruments?

19. Taking steps to refine observations using instruments where necessary?

20. Applying scientific knowledge or ideas?

21. Recording findings in a table, graph, bar chart or in some other systematic
way?

22. Seeking for patterns or regularities in the results?

23. Drawing conclusions based on the evidence?

24. Comparing what was found with earlier ideas?

25. Justifying the conclusions by reference to the evidence?

26. Repeating or checking results?

27. Recognizing sources of error or uncertainty in the results?

28. Trying, or at least discussing, different approaches to the investigation or
to part of it?

These further questions indicate some aspects which are characteristic of

scientific inquiry. They go further than the previous list by asking about how

the materials were manipulated (rather than just whether they were handled),

what reasons there were for doing various things, how systematic and con-

trolled the investigation was, whether steps were taken to obtain precise and

reproducible results and, perhaps most important, whether scientific ideas and

knowledge were being used and advanced.

38



What makes an activity scientific?

USING THE CHECK-LIST FOR CHILDREN’S ACTIVITIES

Now look back on the activity or activities you have carried out with children
and ask questions 1 to 12 in relation to what the children did.

It is quite possible that you did not find so many ‘yeses’ as you did for your
own activity. If this is the first time the children have been given an opportun-
ity to work with materials, then quite a few ‘noes’ would not be very surprising.
An important purpose of using the check-list is to diagnose problems and
improve learning opportunities. The following suggestions about possible rea-
sons for a few ‘noes’ may help:

What was happening Possible reasons

Children not handling materials Were there enough materials?
Did the children realize that they
could touch and use them?

Very restricted observing Were the children really interested in
the problem given?

Were they distracted by something
else going on?

Few questions raised Was more time needed for children
to become absorbed and to realize
what sorts of things they can find out
through their own actions?

Not much discussion Were they used to sitting quietly in
class and being told most things?

Several of these problems require more time to be spent in practical activ-
ity and for children to be encouraged to use their own ideas. It helps, however,
if the investigation is introduced in a way which motivates and interests them.
It can be related to a real problem (the importance of using safe fabrics for
babies’ clothes, for example, or knowing where certain minibeasts live and
breed) or to a challenge, which is fun, or to a question which has arisen in
some part of other work.

It is very helpful to have an area of the class where a few things can be put
for children to observe, play with and wonder about in their free moments.
The teacher can encourage children to bring in items for this collection and
can add to it materials and objects which set the scene for topics to come.

The aspects represented in questions 13 to 28 will not all be found in every
activity, but they should become increasingly common in children’s exper-
ience as they become more capable of scientific thinking and inquiry.

It should not be a matter for surprise or dismay if rather few of the answers
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to questions 13 to 28 were ‘yes’ in relation to children’s first attempts at scien-
tific investigation. There are no quick answers that will change everything at a
stroke; indeed the whole purpose of this book is to help in this matter.

PURPOSES OF THE CHECK-LIST

The intention behind suggesting the check-list as we have just done is not to
pass judgement on an activity or experience but rather to diagnose what
aspects of scientific activity are present and what require to be developed.

There are several other uses for the list and we will refer to it often in later
discussion. Some examples of other uses follow:

» In relation to any activity undertaken by children it can be the basis for
review and helping to answer the question “To what extent is this activity
scientific?’. In general the more ‘yeses’ the more chance for learning in
science to be taking place.

+ Where science is part of integrated studies or topic-based, it is all too easy
for it to remain at the level of ‘look and tell’ or even for activities such as
reading about science to be mistaken for scientific activity. Scanning the
work carried out by the children in terms of the check-list will indicate the
extent of scientific activity.

» In selecting activities, the list can be used whilst mentally scanning what
would be involved when children were carrying them out; it can help ina
decision concerning how worth while activities are in terms of their
potential for learning science.

« In devising or adapting activities, the items indicate the sort of opportuni-
ties that have to be planned for inclusion in classroom work.

(There is further discussion of the process of evaluating activities, and the
teacher’s role in them, in Chapter 12, where a more detailed set of criteria is
suggested.)

Selecting and adapting activities

In science there is always a dual purpose in any activity: the development of
children’s scientific skills and attitudes, and the development of their scientific
ideas. Since skills can be used on any subject-matter, they are not a basis for
selecting subject-matter. The choice of content depends on the ideas or con-
cepts that are to be developed. The particular selection of concepts is often
determined by the syllabus or curriculum to be followed. Although syllabuses
vary, there is, as suggested in Chapter 1, a core of ideas which are widely
accepted as basic and always included. Concepts about air are among these, so
we take an example from this area.
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First, carry out this activity which involves making a parachute. It is pre-
sented as it appeared on a worksheet for children.

Parachute

» Cut a 14-inch square from sturdy plastic.

« Cut four pieces of string 14 inches long.

« Securely tape or tie a string to each corner of the plastic.

« Tie the free ends of the four strings together in a knot. Be sure the
strings are all the same length.

+ Tie a single string about 6 inches long to the knot.

» Add a weight, such as a washer, to the free end of the string.

» Pull the parachute up in the centre. Squeeze the plastic to make it as
flat as possible.

+ Fold the parachute twice.

« Wrap the string loosely around the plastic.

» Throw the parachute up into the air.

Results. The parachute opens and slowly carries the weight to the

ground.

Why? The weight falls first, unwinding the string because the

parachute, being larger, is held back by the air. The air fills the plastic,

slowing down the rate of descent; if the weight falls too quickly a

smaller object needs to be used.

Now apply the items of the check-list to what you did.

How many items did you tick?

The exact number will depend to some extent on the context in which
you were working, but it is probably four or five from items 1 to 12 and none
from the rest of the list. It is useful to think why this is so — why is the activity
so impoverished in opportunities for learning?

The instructions are necessary because the observations cannot be made
without getting to the point of having a ‘working’ parachute, but from then
onwards the information given deters discussion and recording and prevents
the learners from using their own ideas because the ‘right’ explanation is
given. There is no opportunity to try different variations of the design which
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may help in the understanding of the phenomenon. A potentially rich learn-
ing experience is narrowed to one particular idea. Instead, it could be the
starting-point for discussing gravity, balanced and unbalanced forces, speed
and acceleration, air resistance and the properties of different materials.

How can the activity be modified to make it a potentially greater learning
experience? Here is a suggestion. It starts in the same way as before. There-
after the questions and suggestions might be introduced orally by the teacher
rather than on a worksheet. But here they have to be written down.

« Cut a 14-inch square from strong plastic.
+ Securely tape or tie a string to each corner of the plastic.
+ Tie the free ends of the four strings together in a knot. Be sure the strings
are all the same length.
» Add a weight, such as a washer, to the free end of the string.
¢ Pull the parachute up in the centre. Squeeze the plastic to make it as flat as
possible,
* Fold the parachute twice.
e Wrap the string loosely around the plastic.
¢ Throw the parachute up into the air (or drop it from a height if that is pos-
sible).
What happens? Does everyone’s parachute do the same? What is the same
about the way all the parachutes fall? What is different? Why do you think that
is?
If you throw up a weight not attached to a parachute, does it fall as quickly
as the one attached to the parachute?
Try it.
Discuss with others in your group why this might be.
Do you think that if the parachute is bigger, or smaller, it will make a
difference?
Decide how you will compare how quickly different parachutes fall.
Keep a record of how quickly the different sizes fall. Try each one several
times.
Look at your results and at what other groups have found. Do you see any
patterns (one thing appearing to be related to another) in the results?
What about other shapes (real parachutes are not square!)? Some have
holes in them. Some are made of different materials.
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Try some of these and see how well the parachutes fall,

Plan your investigation before you start. Think carefully about what you
mean by how well the parachute falls (is speed the only consideration?). Think
what parachutes are usually used for. How will you measure this? How will you
make sure that the investigation is ‘fair’ (that is, if you are investigating different
materials, that any differences are due only to the material)?

Prepare to report what you have found to other groups. After listening to
what they have done, can you think of how you might have improved your plan
to obtain more accurate results?

Put your heads and your results together and suggest how to make a para-
chute which falls very slowly but goes straight down without swaying sideways.

What else might make a difference to the parachute’s fall? Think about dif-
ferent weather conditions and find out how your parachutes would behave in
wind or rain.

Try out any other ideas that you have.

Now use the check-list in relation to these revised parachute activities.

It will probably be found that a very large proportion of the questions can
be answered with a ‘yes’. This analysis should answer the objection that the
time taken for the revised activities is so much longer than for the original.
The point is that the learning taking place is also very much greater. More-
over, several activities of the original type will never provide opportunities for
the kind of experiences required for learning science. A change in quality is
needed, not more of the same, The learning time for activities of the revised
kind is not more but probably less when several such experiences are con-
sidered, because (a) many learning objectives are being met at the same time
and (b) what is learned in terms of knowledge is learned through exploration
and testing in practice - it is supported by evidence from real things and so is
learned with understanding.

Of course, because fewer of these kinds of activities can be encountered in
class time, it means that they have to be carefully selected to provide maxi-
mum learning opportunity. This important matter is one we shall take up in
Chapter 12.

43



Chapter 4

Science process skills and attitudes

Introduction

When children interact with things in their environment in a scientific man-
ner it is through using process skills: handling, manipulating, observing, ques-
tioning, interpreting, etc. The more they develop these skills the more they
can learn through their own activity and come to a real understanding of how
the physical and biological parts of the world around them work. Process skills
are thus the route by which children explore and gain evidence which they use
in developing ideas. In Chapter 1 we have considered the particular role pro-
cess skills play in concept development and concluded that if children do not
interact with things in a scientific way, using process skills rigorously, then the
ideas they form may not be scientific in the sense of not really fitting the evi-
dence. For example, if a test is not ‘fair’ in comparing things with ‘all other
things being equal’, then differences may be assumed to have a different cause
than is in fact the case.

Here, then, we have good reasons for giving purposeful attention to help-
ing children develop process skills. The same may be said of the scientific atti-
tudes which were mentioned in Chapter 1 - relating to the use of evidence,
flexibility and open-mindedness, and critical reflection. These attitudes con-
stitute the general inclination to behave scientifically in gathering and using
evidence. Without them the potential ability to deploy process skills may not
be realized.

At the same time as recognizing the importance of these attributes, we
have to acknowledge that, whilst there is general agreement about their
nature, they are often ill-defined at the level of detail. Sometimes people use
the term ‘hypothesis’, for example, believing that others share their under-
standing of it, although this may not be the case. At other times words such as
‘conclusion’ and ‘inference’ might be used interchangeably, whilst some may
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argue strongly that they are quite different. Part of the problem is that these
words have an ‘everyday’ meaning, not well defined, as well as a meaning in
the particular context of science.

It would be too ambitious to suppose that we can eliminate these difficul-
ties of usage and varying meanings by arriving at some universal definitions
here. The more modest aim in this chapter is to describe process skills in action
so that they can be recognized when they happen and so that teachers can
work towards bringing about the ability to carry out these things in their
pupils. We are concerned, then, with operational definitions — indicating,
through describing activities and the experience of carrying them out, what it
is one is doing when using process skills.

This chapter’s concern with the meaning of process skills at experiential
level is important as a basis for considering how to help children in their devel-
opment of skills and attitudes, the subject of the next chapter.

Workshop activities on process skills

The series of short activities described below is designed to involve teachers in
using process skills in practice. Performance of these, in a workshop context,
must be followed by analysis and reflection, giving everyone a chance to
change and develop, if necessary, their ideas about the meaning in action of
the process skills.

It is vital that the activities be experienced and not just discussed in theory,
so every effort should be made to carry them out. The equipment is simple and
is described for each one, together with the instructions. The activities can be
done in any order and starting at any point, so everyone can be moving round
the ‘circus’ at the same time.

While carrying out the activities, which is best done working with a
partner, decide which of the process skills you consider you are using in the
activity. There will inevitably be more than one but it may be possible to iden-
tify which is the one most used and to give this a special mark of some kind in
the grid used to record judgements. A grid such as the following should be
drawn up before starting:

Circus
Process item 1 {2 (3 |4 | et
skills
Observing
Hypothesizing
etc.
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THE PROCESS-SKILLS CIRCUS

The equipment for each activity is described. It should be set up as indicated
and the instructions in the boxes written on cards placed by the equipment.

1. Draw what you think the candle will look like when it is lit. Put labels on your
drawing.

Now light the candle.

Draw it again. What is different from what you first drew?

Equipment: Candle in holder. Matches.

2. Measure the amount of water that drips from the tap in one minute.
Work out how much water will drip away in one day.

Equipment: 10 or 25 ml measuring cylinder. Stop-clock or stop-watch placed
near sink where tap is dripping at steady rate.

3. If you have three different kinds of soil, how would you find out which had
most water in it?

Describe the investigation you would do.

Equipment: none.

4. Put two pieces of Velcro together. Try to part them. Try with one reversed/

crossways. Draw four boxes and in them make a series of drawings that
explain how the Velcro works.

Equipment: Two matching short (10 cm approx.) pieces of Velcro. Hand lens

5. Place the two mirrors at an angle so that reflections of the stamp can be seen.
Count the reflections and measure the angle.

Change the angle. Count the reflections (images) again.
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Repeat for angles of 30, 45, 60 and 90 degrees.

Can you see a relationship between the number of images you get and the
angle between the mirrors (measured in degrees)? (Drawing a graph may
help.)

Use your results to say how many images you will get at 9, 49 and 78 degrees.
See how near you are.

Egquipment: Two mirrors held vertically by being stuck in plasticine, placed
with one vertical edge touching and at an angle. A postage stamp placed be-
tween. Protractor.

6. Squeeze the bottle and watch the ‘diver’.
What differences do you see in the diver when the bottle is squeezed?
Try to observe these observations to explain how it works.

Equipment: Plastic drinks bottle (clear sides, at least 1 litre capacity), 90 per
cent filled with water and with a dropper in the water weighted with plasticine
s0 that it just floats, then sinks when the bottle sides are squeezed.

7. Put ice in the can.
Look at the outside of the can.
Write down as many possible explanations as you can of what you see.

Equipment: Clean, empty, shiny food can without lid. Small lumps of ice.

8. Take a strip of paper and hold it vertically with one end in the water.
Watch what happens for about two minutes.
Write down any questions which occur to you as a result of your observations.
Review the questions to see which could be answered by investigation.

Equipment: Beaker or jar of water. Several strips (about 1 cm x 15 cm) of blot-
ting paper or filter paper.

9. Look carefully at the twig.
Try to find signs which show:
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» how much the twig grew in previous years (look at the scars which go all
round);

¢ what was there before the scars which don’t go all round;

¢ what the buds will grow into.

Equipment: Twig with buds and scars, but no leaves or flowers. Hand lens.

10. Fill in the table for an investigation to find out whether the kind of surface on
which the toy is put makes a difference to how far it walks.

What will be What will be kept Whatr will be
changed the same measured

Equipment: None essential, but a clockwork toy can be provided (the point is
to plan, not to do.)

11. On asurface covered with paper a clockwork toy moves 7 cm given one turn of
the winder, 18 c¢m for two turns and 28 cm for three turns. (Accept these
results as if you had obtained them.)

Display these results in a form that will help you to predict how far the toy will
go for four turns.

Equipment: A clockwork toy, preferably slow-moving.

12. The two pendulums are of different masses. Use them to see if the mass of the
bob makes any difference to how fast a pendulum swings.
Are you entirely happy about the result and the way you found it?

If not, suggest ways for improving the investigation so that you would be quite
confident about the result.

Equipment: A stand with a horizontal arm on which two fine threads are tied,

forming pendulums - one with a large and heavy bob and one with a small and
light one.
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DISCUSSION OF THE PROCESS-SKILL CIRCUS

After each pair has completed the circus and a grid, it is important to have an
extended and unhurried discussion which identifies areas where different
understandings arise in the meaning of the process skills. The discussion can
be organized around the results of one pair, which are displayed. Taking the
circus items one by one, the judgements made are first justified by the pair who
made them and then any differences from what others found are discussed.
Alternatively one pair can report on item 1, a second on item 2, and so on.

Although the results are used as the basis for discussion, it should be clear
that the purpose is nor to arrive at a ‘correct’ categorization of the items but to
uncover ambiguities and differences in the whole group’s understanding of
the meaning of the process skills. Two points may help to avoid the discussion
becoming confused. First, often people take the activity beyond what was
required by the card and then record what they did, say, in dissecting a bud on
the twig or beginning to answer some the questions they raised about the water
rising up the strips of paper. So that everyone can be discussing the same activ-
ities, these must be restricted to what was requested in the instructions.
Second, it is possible to argue that ‘observation’ and ‘communication’ are
involved in every activity, because it is necessary to read the instructions.
However, to define the particular nature of these process skills in the context
of science, they have to be used in a way which is related to gaining or com-
municating information for the inquiry in hand. Thus they should only be
included when they have a particular role to play in processing information.

The first few items will take a considerable time to discuss because the
problems of meaning will arise for the first time in relation to several process
skills. Once these are settled, the discussion of later items is more rapid. At all
times the purpose - arriving at an agreed understanding of the meaning -
should be kept in mind; using the circus items is merely a device to bring
about the discussion through shared experience of real activities.

Experience has shown that certain process skills are the most likely to be
contentious. The nature of prediction is a case in point. Some predictions
depend on the identification of patterns in data or observations (and so overlap
to some extent with ‘finding patterns and relationships’) whilst others are
made on the basis of less ordered experience. The important thing is that there
should be evidence for the prediction, either in current or past experience, so
that it can be sharply distinguished from a guess.

The nature of ‘hypothesizing’ generally leads to some discussion. It has to
be distinguished from predicting in the context of everyday use such as ‘my
hypothesis is that it is going to rain today’. A hypothesis is a statement which
attempts an explanation of an event or relationship. A scientific hypothesis is
one which can be tested scientifically. Another feature is the quality of tenta-
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tiveness; the hypothesis is a possible explanation. This feature is best brought
out by encouraging hypothesizing in situations where there is more than one
obvious and possible reason for something happening.

The question often arises as to whether these activities can be used with
children. The circus is particularly designed for a teachers’ workshop. Isolated
activities of this kind are not consistent with children pursuing inquiries using
their ideas and testing them out. Nevertheless, there are some aspects of the
items which can be applied within the context of children’s inquiries. For
example, the notion of asking children to draw something which they are
about to observe before they in fact look at it can be applied usefully in certain
circumstances to focus children’s attention to detail. Again, one of the difficul-
ties teachers often encounter is how to arrange for children to raise questions;
item 8 gives an example of how this can be done.

A useful outcome of the discussion of process skills is a list of actions
which indicate that a particular process skill is being used. These indicators
are valuable in many different ways:

+ for teachers to use in observing their children and deciding the extent to
which they are engaged in the actions that indicate that process skills are
being used;

« for guiding the evaluation and adaptation of activities, where they can be
the basis of questions such as ‘Do these activities give opportunity for chil-
dren to find patterns, to hypothesize?’ etc. and then of changing the activ-
ities so that the children are likely to be involved in the actions described
by the indicators;

« for suggesting how children can be helped to develop their process skills,
as will be seen in the next chapter;

« for indicating the kinds of tasks that can be used to assess children’s use of
process skills (see Chapter 11).

The following lists of indicators have been drawn up in discussions as
described above and should not be regarded as having any greater weight than
this origin implies. The indication that they are unfinished is intended to
underline this status. They are useful as a starting-point for teachers to develop
their own lists.

Indicators of process skills

OBSERVING

« Using the senses (as many as safe and appropriate) to gather information.
+ Identifying differences between similar objects or events.
 Identifying similarities between different objects or events.
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» Noticing fine details that are relevant to an investigation.

» Recognizing the order in which sequenced events take place.

« Distinguishing from any observations those which are relevant to the
problem in hand.

RAISING QUESTIONS

» Asking questions which lead to inquiry.

» Asking questions based on hypotheses.

» Identifying questions which they can answer by their own investigation.

+ Putting questions into a form which indicates the investigation which has
to be carried out.

» Recognizing that some questions cannot be answered by inquiry.

HYPOTHESIZING

» Attempting to explain observations or relationships in terms of some prin-
ciple or concept.

» Applying concepts or knowledge gained in one situation to help under-
standing or solve a problem in another.

* Recognizing that there can be more than one possible explanation of an
event.

» Recognizing the need to test explanations by gathering more evidence.

« Suggesting explanations which are testable even if unlikely.

PREDICTING

» Making use of evidence to make a prediction (as opposed to a guess which
takes no account of evidence).

o Explicitly using patterns or relationships to make a prediction.

¢ Justifying how a prediction was made in terms of present evidence or past
experience.

» Showing caution in making assumptions about the general application of
a pattern beyond available evidence.

» Making use of patterns to extrapolate to cases where no information has
been gathered.
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FINDING PATTERNS AND RELATIONSHIPS

+ Putting various pieces of information together (from direct observations or
secondary sources) and inferring something from them.

¢ Finding regularities or trends in information, measurements or observa-
tions.

+ Identifying an association between one variable and another.

» Realizing the difference between a conclusion that fits all the evidence
and an inference that goes beyond it.

¢ Checking an inferred association or relationship against evidence.

COMMUNICATING EFFECTIVELY

» Using writing or speech as a medium for sorting out ideas or linking one
idea with another.

+ Listening to others’ ideas and responding to them.

» Keeping notes on actions or observations.

« Displaying results appropriately using graphs, tables, charts, etc.

+ Reporting events systematically and clearly.

» Using sources of information.

» Considering how to present information so that it is understandable by
others.

DESIGNING AND MAKING

» Choosing appropriate materials for constructing things which have to
work or serve a purpose.

+ Choosing appropriate materials for constructing models.

» Producing a plan or design which is a realistic attempt at solving a prob-
lem.

+ Succeeding in making models that work or meet certain criteria.

+ Reviewing a plan or a construction in relation to the problem to be solved.

DEVISING AND PLANNING INVESTIGATIONS

» Deciding what equipment, materials, etc. are needed for an investigation.

+ Identifying what is to change or be changed when different observations
or measurements are made.

 Identifying what variables are to be kept the same for a fair test.
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Identifying what is to be measured or compared.

Considering beforehand how the measurements, comparisons, etc. are to
be used to solve the problem.

Deciding the order in which steps should be take in an investigation.

MANIPULATING MATERIALS AND EQUIPMENT EFFECTIVELY

Handling and manipulating materials with care for safety and efficiency.
Using tools effectively and safely.

Showing appropriate respect and care for living things.

Assembling parts successfully to a plan.

Working with the degree of precision appropriate to the task in hand.

MEASURING AND CALCULATING

« Using an appropriate standard or non-standard measure in making com-
parisons or taking readings.

Taking an adequate set of measurements for the task in hand.

Using measuring instruments correctly and with reasonable precision.
Computing results in an effective way.

Showing concern for accuracy in checking measurements or calculations.

Indicators of attitudes

Attitudes are more generalized aspects of behaviour than are process skills;
indications of their presence have to show in a range of situations before they
can be said to be present. We cannot, therefore, consider any one activity and
say whether or not this or that attitude was involved, in the way in which we
have done for process skills. In fact all the scientific attitudes identified in
Chapter 1 may have been involved in all the activities of the process circus.
Thus we cannot relate particular activities to particular attitudes.

However, we can still identify indicators of attitudes which can be used in
much the same way as the indicators of process skills, except that they have to
be applied across a range of activities rather than for any individual activity.
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WILLINGNESS TO COLLECT AND USE EVIDENCE

+ Reporting what actually happened, even if this was in conflict with expec-
tations.

* Querying and checking parts of the evidence which do not fit into the pat-
tern of other findings.

* Querying an interpretation or conclusion for which there is insufficient
evidence.

 Setting out to collect further evidence before accepting a conclusion.

» Treating every conclusion as being open to challenge by further evidence.

WILLINGNESS TO CHANGE IDEAS IN THE LIGHT OF EVIDENCE
(FLEXIBILITY COMBINED WITH OPEN-MINDEDNESS)

¢ Being prepared to change an existing idea when there is convincing evi-
dence against it.

¢ Considering alternative ideas to their own.

» Spontaneously seeking alternative ideas rather than accepting the first one
which fits the evidence.

» Relinquishing an existing idea after considering evidence.

¢ Realizing that it is necessary to change ideas when different ones make
better sense of the evidence.

WILLINGNESS TO REVIEW PROCEDURES (CRITICAL REFLECTION)

« Willingness to review what they have done in order to consider how it
might have been improved.

* Considering alternative procedures to those used.

* Considering the points in favour and against the way in which an investi-
gation was carried out.

» Spontaneously reflecting on how the procedures might have been
improved.

» Considering alternative procedures at the planning stage and reviewing
those chosen during an investigation, not just at the end.
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Chapter 5

Developing children’s process
skills and attitudes

Introduction

In the discussion of learning in science in Chapter 1 emphasis was given to the
role of process skills in applying and testing ideas about the world around us.
Through using processes such as observation, question-raising and hypoth-
esizing, existing ideas are linked to new experience; through using process
skills such as predicting, planning investigations, and finding patterns and
relationships, conclusions are drawn about whether ideas fit the evidence. The
way in which the processing is done is crucial to these conclusions, which in
turn determine the extent to which there is progress in the development of
ideas.

It is too simple to suggest that if children are given the opportunity to, say,
plan investigations, they will necessarily develop their ability to plan, although
undoubtedly opportunity is a vital first step. Planning, in common with all
other process skills, can be performed in many different ways indicating vary-
ing levels of development of this skill. This has to be taken into account and
encouragement appropriate to the point of development provided. In this way
some progress is made in the gradual development of the process skill. The
teacher has a central role to play in encouraging this progression.

Process skills develop gradually, as do concepts. It is the purpose of this
chapter to describe this development and to indicate how it can be helped by
the teacher. We shall also discuss scientific attitudes in the same way, since
these are important, not only in learning, but also in enabling children to grow
into adults who recognize the strengths and limitations of scientific know-
ledge.
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The nature of progression in process skills
DIFFERENT WAYS OF DEVISING AND PLANNING AN INVESTIGATION

The following extract depicts ideas produced by some children (aged 10 and
11) when asked to plan how to find out whether their finger-nails or their toe-
nails grew faster. Read the plans and try to arrange them in a sequence, from
the one showing least development in planning skill to the one showing most.
It may be helpful to refer to the indicators for planning, on pages 53 and 54.

Brian: To describe it I would cut my nails right down and see which ones
would grow first, the quickest. That’s how I would do it.
Lisa: You could keep checking your finger-nails and toe-nails for a week

and keep all your information on a block chart; then at the end of the
week you can see which grows faster.

Leroy: My test would be I would cut my finger-nails and I would cut my toe-
nails and in a week or two I would see how long they have grown and
if my toe-nails are longer they grow faster.

John: I would measure them each day to see which had grown faster.

Candy: At the beginning of a two-week period I would measure the length of
my toe-nails and I would also measure the length of my finger-nails.
At the end of the two weeks I would measure them both again and I
would then know if my toe-nails grow faster than my finger-nails by
taking the measurements of the beginning of the two weeks from the
measurements at the end of the two weeks.!

It must be said that written plans will not necessarily reflect adequately the
child’s thinking, but these examples do at least serve the purpose of illustrating
some of the characteristics of progression which apply across all the process
skills,

Early stages in this progress are characterized by a somewhat superficial
and almost casual approach, lack of specificity to the particular purpose of
using the skill, and being unsystematic in its application. Development is
shown by the use of skills becoming increasingly

* more systematic;
» more focused;
e more rigorous;
* more quantitative;
e more conscious.
What these general trends mean in terms of specific process skills is now con-

1. Wynne Harlen (ed.), Primary Science: Taking the Plunge; How to Teach Primary Science
More Effectively, p. 58, London, Heinemann Educational Books, 1985.
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sidered for each one. At the same time as describing the development,
experiences which help to bring it about are suggested.

Helping children develop their process skills

OBSERVING

The reason for developing children’s skill in observation is so that they will be
able to use all their senses to gather information and evidence relevant to the
particular investigation they are undertaking. There are two aspects of devel-
opment of the skill involved here: attention to detail and ability to distinguish
what is relevant to a particular investigation.

One of the early signs of development is that children notice greater detail
than merely gross features. Their attention to detail has to be inferred from
their actions as a result of their observation, since we do not have direct access
to their sense perception. What children say, draw or write about what they
see, smell, hear or taste, or feel with their fingers is an important source of evi-
dence of their observation. Attention needs to be paid to these signs because
simply giving opportunity for observation of detail will not necessarily mean
that it has taken place. A sign of attention to detail is the voluntary use of some
aid to careful observation, such as a hand lens.

A useful way of drawing attention to detail is to ask them to find differ-
ences between two similar things (two fish in a tank, or how a lump of sugar
dissolves in warm and cold water). The converse question about two different
things: ‘What is the same about them?’ should also be asked. Whilst there are
always many signs of difference which do not necessarily have significance,
the points of similarity between things can have more value in identifying
them. Research with children has shown that finding similarities is rather
more difficult and represents further development of the skill of observing
than does finding differences.

Observations should be made for a purpose, however, and looking for
similarities and differences just to see how many one can find is only a game.
The opportunity to encourage attention to detail in this way is best taken
within the context of a real investigation.

As experience increases it becomes possible for children to focus observa-
tion on that detail which is relevant to the problem. Knowledge from previous
experience is required in order to know what is likely to be relevant. It is not
possible, for example, to eliminate the colour of the plastic cover of a wire as
having any relevance to its function in a simple circuit if you have never seen
wires, bulbs and batteries before. This aspect of development of observing is,
therefore, dependent on experience of a range of activities.
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Putting objects or events into some sequence is also a way of focusing
attention on relevant details. Encouraging children to make observations of
things which change in sequence - shadows during a day and seasonal
changes, for example - helps them to pick out certain features. Children also
need to be helped to observe an event throughout and not just what happens at
the beginning and the end. If they watch bubbles rising when they put water
into a jar with some soil in it, or watch worms burrowing and making casts,
they will be using their observation skill to give them information not just
about what happens but how it happens.

Because there is always a tendency for us to see what we expect to see, it is
necessary to become conscious of overriding the influence of preconceived
ideas on our observation. To become aware of the way in which ideas can
‘blinker’ our ways of looking at things is a considerable step in progress. The
level of development at which someone can reflect on the process of observa-
tion and consciously go beyond the focus of existing ideas is an aim which is
probably not achieved in the primary school, although it depends on the foun-
dations laid there.

Ways in which teachers can help progression in this skill include:

 providing opportunity (which means both materials and time) and
encouragement for children to make both wide-ranging and more focused
observations;

» arranging, through the class organization, for children to talk about their
observations to each other and to the teacher;

« listening to the accounts of their observations and probing further (‘What
else did you notice?’);

» providing, within the context of investigations, opportunities for children
to observe events as they happen and use their observations as evidence in
trying to explain what happened (developing hypotheses).

QUESTION-RAISING

Question-raising as a science process skill is concerned with questions which
can be answered by inquiry; at the primary level these are questions which the
children can answer by inquiry themselves or which they know can be
answered by inquiry.

Raising investigable questions is important not just for the sake of being
able to formulate and recognize such questions but, as in the case of all the
process skills, because such questions lead to children’s greater understanding
of things around them. This understanding comes gradually through putting
ideas and evidence together, prompted in the first instance by a desire to know,
by a question. The clarity of the children’s questions indicates the degree of
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their awareness of what they want to know and how it fits in with what they
already know.

Whilst the aim in development of questioning skill in science is to help
children raise questions which are investigable, the starting-point towards this
is raising questions of any kind. To indicate too soon that science is concerned
with certain kinds of questions and not others might deter the raising of ques-
tions. So we should see asking questions of any kind as a first step to progress in
this skill. These may be questions which ask for names, for information, for
explanations; they may be philosophical or may address aesthetic values, or
they may be answerable by investigation or be capable of being turned into
questions which can be investigated (see Chapter 8).

There are various degrees in specifying the kind of inquiry needed to
answer a question. ‘Is this kite better than that one?’ is not strictly in an inves-
tigable form because it does not specify what ‘best’ means (although we can
make a good guess). If the question is rephrased to specify that by ‘best’ we
mean how high it flies, then it becomes clear what to look for (the dependent
variable) to find the answer. It is already clear that what is being compared are
two Kites in this case and it is the type of kite which is to be changed in the
investigation (the independent variable). It may well be possible to be more
precise about what it is that is different about the two kites (such as the size or
length of tail, etc.) and so to identify an independent variable which is a vari-
able feature of the kites rather than the whole of each one.

When investigable questions are asked more frequently, it is likely to be
because the children find them more effective, without consciously identify-
ing how they differ from questions of other kinds. Becoming aware that some
kinds of questions can be answered by investigation whilst others cannot is a
point of progress. Once this difference is recognized, children may be able to
go further and rephrase vague questions in a form that can be answered by
investigation.

Children will readily ask questions in terms of ‘how’ and ‘why’ which are
often not easy to answer: ‘How do worms move without any legs?’ ‘Why are
woodlice hard on the outside and soft in the middle?’ In fact these are well on
the way to being investigable and it may take little more than an invitation to
say ‘What do you think is the answer?’ to set the children off to an investigation
to see if their ideas fit the evidence.

Ways in which teachers can help children’s progression in this skill
include:

« taking children’s questions seriously so that they see for themselves how
each kind is answered;

» posing questions themselves in investigable form in science;

 helping children to clarify their questions so that they can see how to find
an answer;
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 giving invitations for children to raise questions (‘What would you like to
find out about . . . ?’).
¢ Other strategies are indicated in Chapter 8.

HYPOTHESIZING

Hypothesizing is about trying to explain or account for data or observations,
and involves using concepts or knowledge from previous experience. There
are two important aspects which make a hypothesis scientific. First, it has to be
consistent with the evidence: a hypothesis that a block of wood floats because
it is light in weight but a coin sinks because it is heavy is inconsistent with the
evidence if the block is heavier than the coin. Second, it has to be testable by
collecting relevant evidence: the hypothesis about the block floating because
of its weight is testable, but if the suggested reason were that it is suspended
from an invisible, immaterial and undetectable thread, then it would be
untestable.

There may be several testable hypotheses consistent with evidence, as in
attempting to explain why one kite will fly higher than another (tail length?
weight? shape? area?), and testing by investigation may eliminate some or all of
them. Even a hypothesis which is not eliminated is still not proved to be ‘cor-
rect’ for there is always the possibility that it could be disproved by further evi-
dence not so far collected. There is never enough positive evidence to prove a
hypothesis correct but one (sound and reliable) negative test is enough to
reject it. Thus a further characteristic of any hypothesis - any explanation ~ is
that it is tentative and can be disproved.

Children do not naturally formulate hypotheses with these essential char-
acteristics but there is a gradual progression in this process skill towards this
direction. Identifying a feature of an event or phenomenon which is relevant
to giving an explanation is a first step. _

Connecting the phenomenon with a relevant idea from previous experi-
ence follows as the next step. Often this, as in the case of the earlier step, may
involve only giving a name to something, not proposing any kind of mechan-
ism which actually explains how it works or why something happens. For
example, a stale slice of bread shrinks because it ‘dries up’. This is hardly a
testable hypothesis in the way described, but it is a foundation for further
development.

The ability to propose a mechanism for the way a suggested explanation
works is a necessary step in expressing a hypothesis in a way which is testable.
If there is a mechanism which describes how one thing is supposed to relate to
another, then this can be used to make a prediction. The evidence of whether
the prediction is supported is then the test of the hypothesis on which it is
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based. If it is not disproved then it can be accepted, tentatively, as the best
explanation, pending further suggestions and evidence.

Children’s ability to propose mechanisms is naturally limited by their
experience and ideas. They may on occasion put forward a hypothesis which is
not possible, although they do not know this to be the case. Alternatively they
may overlook what is to an adult an obvious explanation because they have not
yet access to the relevant concept. However, as long as the explanation is test-
able, then we should see this as part of the development of the process of
hypothesizing. With further experience, children will become more able to
propose hypotheses which fit the evidence and are consistent with science
concepts.

As the skill develops further the recognition of the tentativeness of
hypotheses will show in children being able to give more than one possible
explanation which is consistent with evidence and science concepts. These
explanations may not be proposed formally as ‘I think this is what is the reason
for ...’ but may be expressed in questions posed or investigations planned and
undertaken. ‘Will the colours spread more quickly if we use warm water?’ (in
simple chromatography) is a question which encompasses a hypothesis. ‘Let’s
see if the water disappears if we cover the saucer with cling film’ similarly
arises from a suggested mechanism, in this case for the water disappearing
from a saucer.

Ways in which teachers can help children progress include:

+ providing opportunities for children to investigate phenomena which
they are able to explain from their past experience;

¢ organizing the class so that, when appropriate, children can discuss pos-
sible explanations with each other and so come to realize that there is a
greater range of possibilities than they had first thought of;

¢ encouraging children to check the possible explanations against evidence
and so reject the ones which are inconsistent with it;

» making available sources which children can use to find ideas to add to
their own (such as books, visitors, pictures or films).

PREDICTING

The first thing to say about predicting is that it is not guessing. A guess has no
rational foundation whilst a prediction makes use of evidence available, or past
experience, and is related to this in some way. Children seldom make random
guesses unless they are put under some pressure to give a quick answer and say
the first thing which comes into their heads. Given a chance to think, they will
make predictions which, in their minds, are justified by experience, even
though they may not be able to express the connection clearly.

The extent to which children can explain the basis for a prediction is a
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dimension of progression in this skill. At first the prediction may appear to be
unconnected with the evidence which was available, although the child did in
fact take it into account in some unspecified way. Later the justification for the
prediction may be articulated. Further development takes the form of being
less rather than more confident about what can be predicted, indicating the
realization of the risk of going beyond the evidence available.
Ways in which teachers can help the development of this skill include:
« encouraging children to make predictions and to justify them before carry-
ing out the action or observation that will check their accuracy;
« discussing whether or not a reliable prediction can be made in a particular
situation.

FINDING PATTERNS AND RELATIONSHIPS

The essential feature of this skill is relating one piece of evidence to another.
The ability to do this enables children to make sense of a great deal of data
which would otherwise be a mass of isolated pieces of information. However,
to see the pattern in the association of one thing with another requires select-
ing the relevant features and not being distracted by others in which there is
no pattern. Further, some patterns are consistent across all the data; for exam-
ple, on a summer’s day the position of a shadow will move steadily round in
the same direction. The association between the time and the position of the
shadow is so regular that it can be used to predict the position of the shadow at
any particular time. On the other hand, the length of the shadow will first
decrease and then increase during the day and so there is not such a simple
relationship of length to time.

In other cases, whilst there is a general trend, there is no exact relation-
ship. If we measure the foot length of people of different height, for example,
there is a general tendency for longer feet to be associated with greater height,
but there will be some who have longer feet than those who are taller than they
are. Being able to identify overall relationships, despite the exceptions, is
important in science and depends on taking account of all the information
available. This is something which children appear not to do at first. They
tend rather to see the exiremes - ‘the tallest person has the longest feet’ - and
not to look for the pattern across all the data. However, this is a first step in
recognizing that one factor may be associated with another.

It is often difficult to know whether children who make a limited state-
ment which seems to be only about part of the data have in fact noticed that all
the data are related in the same way, but did not feel that the fact was import-
ant enough to mention. Only when the statement explicitly embraces all the
data can we be sure that the interpretation is based on all the information avail-
able. In this case the statement is along the lines of ‘the later the time, the
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further round the shadow is’ or ‘usually people have longer feet the taller they
are’.

To be sure that there is a pattern linking one variable to another, at least
three sets of observations are needed. It takes experience to realize this; per-
haps learning from the experience of claiming a pattern exists from only two
sets of information and then finding that a third set does not fit is the best les-
son. This underlines the importance of checking all suggested patterns by
making a prediction based on the pattern and seeing if the reality fits the pre-
diction. Thus gathering further information to check interpretations is a con-
siderable advance in the skill.

The help which teachers can give in this development includes:

» providing activities where there are simple patterns or relationships to be
found in practice;

» asking children to express their ideas about relationships they think exist
in their findings;

» requiring them to use any relationship they claim in making a prediction
which is then tested;

e expecting them to check any relationships carefully and to be cautious in
drawing conclusions from them.

COMMUNICATING EFFECTIVELY

Communicating is a skill which is applicable right across the curriculum and
its particular role in science therefore has to be defined. It is included as a
science process skill because of its role in developing understanding of the
world around, in linking ideas to new events and particularly in reflecting on
how these ideas relate to evidence gathered. Chapter 7 goes into more detail
about the relationship between language, both spoken and written, and
thought.

Recording and communicating are to be thought of in a far broader con-
text than of producing a report at the end of an activity. Rather, both written
and oral recording and communicating are integral parts of the activity
throughout. Children need help in this, however, for at first they tend to make
few records during an activity and inevitably are unable to recall all the rele-
vant observations afterwards.

The development of skill in the area of recording and communicating
begins with willingness to talk about all aspects of observations and expe-
riences. Gradually, experience and teacher guidance enable children to organ-
ize the reporting of their work in science by presenting similar observations
together, sequencing events and using simple charts, drawings and pictures to
supplement words.

Extending the range of modes of communication requires some know-
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ledge of ways of presenting information and of the conventions for using them.
Once children have been introduced to the use of forms such as block graphs,
flow diagrams, symbols, keys, etc., the development of skill shows in choosing
an appropriate form in the context of a particular task.

Parallel with the increased use of graphical and written forms of commu-
nication is the continuing and important development of using words, in both
written and oral forms, with accuracy and selectivity. Organizing a report so
that events are described in a useful order becomes important when communi-
cation is genuinely used to inform others. Ensuring that there is a point in
keeping a record - an audience for it - is a help in this respect.

Since communication is two-way, reading or listening to others’ reports
helps in fostering clear expression as well as being important in its own right
for finding out about others’ ideas and for contributing towards the under-
standing of written information and instructions. Written sources will increas-
ingly be used for data, to supplement what is gathered at first hand, and the
ability to interpret such data and search for patterns in it is an indication that
the form in which it is presented is well understood.

The gradual increase.in the meaningful use of scientific vocabulary is part
of progression in the skills of recording and communicating. The use of spe-
cific scientific words is necessary since, as ideas become more advanced, they
become more abstract and widely applicable (see Chapter 6); when referring to
a solid in a liquid, the word ‘disappear’ has to be replaced by ‘dissolve’ in order
to cover the range of effects which may occur; ‘vibration’ must gradually
replace ‘move up and down’ because vibration can be in all directions; and
‘conductor’ is a very useful word to describe the invisible property of all the
different substances which allow electricity to flow through them. The intro-
duction of a new word has, of course, to coincide with the development of the
idea which it labels, for the use of technical words without meaning is an
obstacle to communication.

The help which teachers can give in the development of this skill
includes:

¢ organizing the class so that children can talk about their work to each
other, sometimes informally and sometimes reporting more formally;

« introducing a range of techniques for recording and communicating,
using conventional forms and symbols;

« encouraging children to discuss and plan how their work will be best
recorded and communicated to others;

» providing opportunities for children to use information presented in the
form of tables, charts and graphs.
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DESIGNING AND MAKING

Designing and making are technological skills required to bring about change
through the application of knowledge and resources. Technology is an activity
which uses knowledge and resources to make things work, control things and
improve the way they work. Often the knowledge which is applied in tech-
nology is scientific or mathematical, and this gives technology a special rela-
tionship with these subjects. Technology draws upon scientific knowledge in
designing solutions to practical problems and in making artefacts to meet cer-
tain needs. At the same time it contributes in providing systems and instru-
ments which further the advance of scientific knowledge. However, there are
times when technology draws upon knowledge and skills from other subjects,
for example, art, geography and history, and so it has a link not only to science
but also to subjects across the curriculum.

In primary school, children are involved in technological activity when
they solve problems encountered in various areas of their work and play. They
may want to build something for imaginative play (a ‘den’ or a house in a tree)
or scale a wall, to build a model or make a rig for testing certain properties of
materials. In all these activities they are involved in observing and investigat-
ing in relation to a problem, designing a possible solution, creating the artefact
or system which has been designed and evaluating its effectiveness. Clearly
some of these components of technology involve science process skills which
we have discussed earlier. Here we are concerned with the development of the
skills of identifying a problem, creating a design, making it and evaluating it.

Young children are beginning to identify needs when, for example, they
suggest ways of rearranging something in the classroom for the better conve-
nience of those who need to use it. As they progress in this capability they
become able to suggest changes in less familiar situations and to consider the
pros and cons of possible changes. Progress in designing shows in the reasons
they are able to give for what they propose. At first these reasons will be vague
with only an intuitive notion that they will work. Later, reasons will be in
terms of the properties of the materials chosen and one design might be com-
pared with another in these terms. Obviously this development is linked to
increasing knowledge of materials and how they behave.

Constructing simple things from paper, glue, cardboard boxes and other
scrap material is the start of developing capability in ‘making’. Progress shows
in the more careful choice of materials and precise use of tools. At all stages
children evaluate their products, at first in terms of what they like and dislike
about a model, then gradually focusing judgements on to the extent to which
the original intention has been realized. Where appropriate they may make
measurements to assess how far a solution meets certain criteria and then use
the findings to suggest improvements.
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Teachers can help the progress in designing and making skills by:

+ providing opportunities for children to suggest changes in things around
which will improve their use or solve a problem;

» requiring children to plan how to produce a model or some other artefact
and discuss how realistic it is;

» providing a range of materials and the opportunity to explore their proper-
ties;

 providing problems which are interesting for children to solve and which
they are expected to solve for themselves;

« expecting children to justify their choice of materials and to evaluate how
effective they were in practice.

DEVISING AND PLANNING INVESTIGATIONS

Planning an investigation involves turning a question or a hypothesis into
action designed to provide an answer. Although logically it may be thought to
precede action, in reality the two are often closely intertwined. Younger chil-
dren, for example, may not be able to think through a series of actions which
could be considered as a plan; they need to see what happens as a result of the
first step they think of before working out what to do next. It takes experience
of investigations, of doing things and of seeing what happens before the pos-
sible outcomes of action can be anticipated and forward planning becomes
possible.

The notion of ‘fairness’ is a useful one, as a way into considering variables.
There are three kinds of variables to be considered in an investigation: the
variable to change so that a difference between things or conditions can be
investigated (the independent variable); the variables which must not be
changed but must be controlled and kept the same throughout so that the
effect of changing the one independent variable can be investigated (the con-
trol variable); the variable which is affected as a result of changing the inde-
pendent variable and which is measured or compared in the investigation (the
dependent variable).

In the common type of investigation where different materials are com-
pared in terms of some property, for example the comparison of fabrics for
waterproofness, the type of material (fabric) is the independent variable and
the variables to be controlled depend on how the test is to be carried out. For
example, if the fabrics are to be tested by placing water on the surface and see-
ing how long it takes to soak in, then it is important to use the same amount of
water on each one and to apply it in the same way (two of the variables to be
controlled). What is measured is the time taken for the drops to no longer
stand on the surface. If the fabrics were compared, alternatively by seeing how
much water each will soak up, then it would be important to use the same area
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of fabric (a variable to be controlled); the dependent variable would be the
amount of water in each piece, probably measured by the difference between
the water added and what was left after soaking the fabric.

Not surprisingly, children find the earlier parts of an investigation the
easiest to plan. They can decide what to change - the independent variable -
quite readily because this is often clear in the hypothesis or question under
investigation: ‘Which is the best fabric . . .’ immediately suggests trying diffe-
rent fabrics.

As soon as they begin to think of how to proceed with the investigation,
however, the matter of fairness will arise. Several unfair tests may well have to
be experienced before the understanding of needing to control variables devel-
ops in a general way. It is certainly best for children to realize through the
inconclusiveness of ‘unfair’ testing that certain things have to be kept the
same. Attempts to teach control as a procedure often result in a tendency for
children to think that they have to control everything, including the indepen-
dent variable!

It seems that deciding how to arrive at the result of an investigation is
more difficult than planning how to set up conditions to test the independent
variable. Children are at first very vague about how they will find a resuit of an
investigation. In testing food preferences of ‘minibeasts’, for example, they
think as far as ‘see how they like each food’ as if this would in some way be
obvious. Ideas about measuring time spent on the food, or amount eaten, come
only when the impossibility of judging what small creatures ‘like’ is borne on
them in practice. Thus precision in identifying what to measure or compare
represents an advance in the process skill of planning. Further defining how to
measure the dependent variable to an appropriate degree of accuracy is also a
sign of this development.

Ways in which teachers can help children in the development of these
skills include:

» leading children to problems which can be investigated but not giving
them instructions for what to do, so that the children have to do the plan-
ning for themselves;

* helping the children to plan by giving some structure, perhaps through
questions about what has to be kept the same for fairness, what is to be
changed and what is to be measured;

* discussing plans with them and helping them to think through what they
mean in practice;

» reviewing investigations after they have been completed to consider how
the planning could have been improved.
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MANIPULATING MATERIALS AND EQUIPMENT EFFECTIVELY

It is widely acknowledged that the two most significant factors which
influence the intellectual development of young children are the availability
of materials to explore and manipulate, and social interaction with adults and
other children. In relation to scientific development, materials and things to
explore them with are essential, not optional.

Learning in science involves children advancing their ideas by trying
them out in practical investigations. The limited experience of children
means that their ideas will not be the same as the accepted scientific ones, but
they should be consistent with the evidence available to the children at any
time (see Chapter 6). As this experience widens, ideas become more generally
applicable and approach the scientific view. Thus the development of ideas is
highly dependent on practical activity, involving the exploration of materials.

Children’s limited experience also means that they are restricted in
abstract and theoretical thinking; things have to be encountered in reality
before they can be the subject of thought and mental manipulation. Thus the
provision of this experience of objects and events around them is essential to
their mental development. Its value is not only in terms of giving information
through the senses about the world around, but also the realization that inves-
tigation can provide answers and that they themselves can learn from their
own interaction with things around them.

It is not possible to distinguish practical activity from mental activity and
we are therefore concerned with far more than the physical manipulation of
objects and the ability to use equipment effectively. Practical activity must
involve planning based on hypothesizing and prediction, gathering of infor-
mation by observation and perhaps by measurement, the control of variables,
interpretation of data, and the recording and communication of results. In
each of these there is a combination of mental and physical activity.

It has to be understood, therefore, that in focusing on the physical devel-
opment here, a context of social experience and mental activity is assumed.

Young children entering school have difficulty in small-muscle control
and eye-hand co-ordination. They like to draw, paint, pull things apart, pile
things up and knock them down. They need plenty of cardboard boxes of diffe-
rent sizes, cardboard tubes, egg boxes and newspaper to paint on with large
brushes. If large wooden and plastic blocks are available, these are ideal, but
where this is not the case, items of junk from home can be adapted.

To help develop children’s small-muscle control and eye-hand co-ordina-
tion, their natural tendency to make models can be exploited. From a start of
building with boxes or wooden blocks, they can begin to make more represen-
tational models, still using discarded materials that may be available from
home, shops or the market. Egg boxes, plastic cups, plasticine and glue will
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come into use in making models. Other materials which are required and
which can be obtained at no cost are things such as seeds, shells, rocks, cones
and dried grasses. These can be handled and explored by the children, extend-
ing their awareness of the variety of natural things in their environment.

Children aged 7 to 9 have developed good eye-hand co-ordination; they
can weave, sew, handle animals gently and plant seeds accurately. Their
models will become more sophisticated; they will want to make them ‘work’,
which often means greater accuracy and choice of materials. The use of tools
becomes important. Children of this age can be shown how to use a hammer,
saw, file and drill properly. A vice is essential for woodwork and children
should never be allowed to hold in their hands wood which is being sawed,
hammered or drilled. These aspects of safety do have to be enforced by rules,
but at the same time the children should be encouraged to recognize potential
danger and discuss how to do things safely, so that they are obeying rules
which make sense to them.

There will also be an increased need for measuring instruments, and for
hand lenses and more delicate equipment such as magnets, bulbs and mirrors.
As with tools, when these are introduced, the precautions which have to be
taken to preserve them should be discussed and agreed. The greater the free-
dom allowed to children to use their own ideas in investigations, the more res-
ponsibility they have to accept for the equipment they use. It is part of the
teacher’s role to ensure that these things go hand in hand.

At the upper end of the primary school, physical development is no longer
a restraint on the use of equipment, but skill and care continue to be built up.
For those fortunate enough to have microscopes and accurate balances in the
school, the range of children’s observation and investigation can be greatly
increased. However, children can learn much, as well as being productive,
through making a considerable amount of equipment for themselves. They
will certainly be able to construct suitable housing for living things being stud-
ied, make simple balances, test rigs, etc.

They will also be able to make articles for younger children, such as
wooden building blocks. However, there must be a strict limit on the amount
of time which children devote 1o repetitive work with materials for the sake of
production. Solving technological problems and learning about the properties
of materials and control of energy in constructing something is one thing, but
mass production is another. In science lessons, the manipulation of materials
and equipment must serve the end of greater understanding, not the manufac-
ture of products.

In summary, the ways in which teachers can help this development
include:

« providing materials for exploration and use suited to the physical develop-
ment of the children;
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« encouraging children to extend their activity towards construction and the
improvement of their constructions;

 showing children how to use equipment and tools effectively, economi-
cally and safely, and discussing reasons for rules of use but insisting on
adherence to them;

¢ helping children to become conscious of how they can obtain answers to
their questions through the manipulation of materials, thus encouraging
them to persevere in developing the skills which are required.

MEASURING AND CALCULATING

One of the overall signs of progress in scientific processes which has been
mentioned is that they have an increasingly quantitative element. This means
that measuring and calculating will be called upon to a progressively greater
extent.

Quantification means using numbers in a particular way. For example,
numbers can be used merely as labels, as in the case of the numbers on the jer-
seys of football players, or as ways of placing objects in a sequence according to
some feature or property, such as one being longer, shorter, hotter or faster,
than the next.

When the differences between one item and another are quantified, it is
possible to tell how much one thing is longer, shorter, hotter or faster than
another and then relationships can be refined, patterns identified and pre-
dictions made from them.

The basis for saying ‘how much’ needs to be in terms of some uniform
unit, but this need not be a standard unit. If children are introduced to meas-
urement through standard procedures and units, they may be less likely to
understand what a quantity actually means than if they can take the first steps
by using arbitrary or non-standard units which they choose themselves - floor
tiles for how far a wind-up toy travels, bricks in a wall for comparing heights,
hand spans, strides, etc. The understanding of the nature of a measurement as
being a multiple of a given unit can be grasped in this way. It soon becomes
obvious that there is a need to keep the unit the same, that is, to use the same
brick wall to compare heights in terms of bricks, or have the same person strid-
ing over distances to be compared and that a more convenient way is to use
standard units such as metres, which mean the same everywhere.

Whether the unit is arbitrary or standard, however, it has to be appropriate
to the size of the quantity being measured. It is inappropriate to measure the
mass of a paper clip in kilograms or a person’s height in kilometres. The
choice of unit is tied to the instrument for measuring it and experience of
various instruments for measuring quantities of mass, time, length, volume
and temperature has to be acquired for children to be able to select an appro-

72



Developing children’s process skills and attitudes

priate measuring instrument and use it with the degree of accuracy which is
required.

As the observations and relationships with which children become con-
cerned become more detailed and precise, so the measurements they make
need to be more accurate. Accuracy comes only partly from the skill of using a
measuring instrument carefully; it also depends on the procedures adopted,
such as how many different measurements are taken and how many times each
measurement of the same thing is repeated.

Arranging to take an adequate set of measurements is part of planning an
investigation so that the range of variation in the independent variable is thor-
oughly investigated. For example, if the investigation is about the effect of
temperature on how quickly substances dissolve, the result is unlikely to be
conclusive if only cold and slightly warm water is used. A greater range of tem-
peratures, and a least three different ones across this range, need to be used.
Planning to take measurements across an adequate range indicates a develop-
ment in understanding of the role of measurement in investigations.

In addition, the accuracy of each measurement has to be appropriate. It is
as unhelpful to measure something to a high degree of accuracy beyond that
required as it is to leave a great deal of uncertainty about the value because a
measurement is rough. Accuracy can be improved to a certain extent by care-
ful use of instruments but this cannot avoid the inevitable errors which arise in
investigations and are inherent in measurement. Recognizing, for example,
that the time taken for a certain mass of a substance to dissolve at a particular
temperature will not be exactly the same if the test is repeated and that there-
fore repeating measurements will reduce the error represents a quite sophisti-
cated level of development of the process skill of measurement.

From this discussion it is clear that there is a considerable knowledge base
required for the development of this skill; there are conventions and pro-
cedures of measurement which have to be known and the appropriate deploy-
ment of these is an important dimension of progression.

Ways in which teachers can help this progression include:

» encouraging children to quantify their observations by questions such as

‘How much more . . . is this than that?’;

» providing questions for investigation which require measurement (for
example: ‘How much water does a potted plant require in a week?’);

 providing a range of instruments for a particular quantity (such as a long
measuring tape or rope, a metre rule divided into decimetres, a ruler in cm
and mm and a micrometer, if possible);

« discussing with children the accuracy of their measurements and how to
increase this, when it is appropriate to do so.
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Helping children develop scientific attitudes

As we have said above, attitudes refer to generalized aspects of behaviour and
are identified in the patterns in how people act and react in various situations.
One instance of someone being willing to change his or her mind in the face of
evidence is not a sufficient basis for judging them to be ‘open-minded’, but if
this happens quite regularly it might well justify such a judgement.

Certain general characteristics of attitudes suggest the ways in which they
can be fostered:

1. Attitudes are not things that children can be instructed in, for they are dif-
ferent to knowledge and skills. They exist in the way people behave and
are transferred to children by a mixture of example and selective approval.
Rather than being ‘taught’, attitudes are ‘caught’. Thus an important way
in which teachers can help children to develop attitudes is by setting an
example. Thus if teachers, in their behaviour, show the characteristics
described by the indicators of attitudes (see page 54), then they will be
helping children to do develop these attitudes.

2. Attitudes are developed from what is approved and disapproved. Thus it is
important to reinforce the signs of desired attitudes in what children do by
praise and approval and to discourage negative attitudes in some appro-
priate way. If this is done consistently it eventually becomes part of the
classroom climate and children may well begin to reinforce the attitudes
for themselves and for each other.

3. Attitudes show in willingness to act in certain ways. Thus for children to
develop these attributes there has to be the possibility for them to exercise
choice. If their behaviour is closely controlled by rules and procedures,
and they are always told what to do and to think, then there will be little
opportunity to develop and demonstrate attitudes. For example, if chil-
dren are never expected or encouraged to reflect critically on their work, it
is unlikely that they will develop ‘willingness to review procedures crit-
ically’. Thus teachers must provide opportunities for children to exercise
choice in order to foster their development.

4. Attitudes are highly abstract and thus difficult to discuss with children.
This is the reason why attitudes have to be encouraged by example and
selective approval. However, as children become more mature they are
more able to reflect on their own behaviour and motivations.

Discussing examples of, say, flexibility in thinking, will then help children to
identify this attribute more explicitly rather than only implicitly from what is
approved or disapproved. Care has to be taken that this approach does not
become ‘brainwashing’, and a light touch is required. It can, however, help
children to take responsibility for this part of their learning if they know what
it is that they are aiming for.
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Chapter 6

Development of children’s science
concepts

Introduction

In Chapter 1 we described children’s learning as the change in ideas, brought
about by the use of process skills. These skills enable initial ideas to be linked
to new experience and to be tested against new evidence. This view of learning
acknowledges that children do not come to their science activities with empty
heads, but with ideas which they have formed in earlier activities and observa-
tions, and which they use in trying to make sense of the new phenomena they
encounter as their experience expands. Sometimes the ideas which are used
are not helpful (not ‘scientific’), as when children might use the observation of
drops of sweat forming on the skin when a person is hot to explain why drops
of water appear on the surface of a cold can of drink when it is put in a warm
room (the metal ‘sweats’).

The notion of the development as change in ideas, rather than as putting
new ideas in place without consideration of anything already there, has impor-
tant implications for how we go about helping this development. Further-
more, if we value the notion of children ‘owning’ their ideas, that is, working
them out and changing them for themselves so that they learn with under-
standing, then this too means that teachers should be providing certain kinds
of opportunities for these changes to take place in a way which gives the child
this ownership.

This chapter describes some strategies which teachers can use to help this
process of developing concepts whilst ensuring that the ideas make sense to
the children. First, however, it is necessary to have in mind a clear idea of the
general features of what we would call the development of progression in con-
cepts. For it is only with this as a guide that a teacher can use the strategies to
ensure that changes are in the general direction of this progress.
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Thinking about progression

Some children were engaged in a range of activities about making sounds.
They plucked stretched rubber bands, blew across the tops of bottles, tapped
pieces of metal, banged a drum and then made as many sounds as they could
using things around the room. They were challenged by the teacher to try to
make a soft sound and a loud sound from each source they found; they also
tried to change the pitch of the sound if they could.

Whilst they were working, the children made many comments about what
they found. Below are some examples. Read them and then try to arrange
them in an order which indicates a progression in ideas about sound. It is best
to work in a small group with others if possible because then it will be neces-
sary to explain why you wish to place the statements in a particular order. But
in any case, make sure you do think about the reason for your decisions.

1. A drum makes a sound when you hit it. The sound is made by the bang-
ing.
2. When you pluck the rubber band you can see it vibrate and it makes the air
vibrate into your ear.
3. I can make a louder sound by pulling the rubber band out further so it
makes big vibrations.
4. You can hear the school bell outside when the door is closed because the
sound comes through the gaps round the door.
5. I can hear someone tapping on the pipe if I put my ear on it but not if I
_don’t. The sound comes through the metal.
6. A triangle makes a sound because it is metal and the right shape.
7. The little pieces of metal on the xylophone vibrate when you hit them and
then the vibrations turn into sound.
8. Ithink you get high and low notes according to whether the thing vibrates
quickly or slowly.
9. I can make the sound quieter by putting my hands over my ears.
You may find that, in order to do this, you need to think about just what are the
main ideas about sound that we want children to develop. For primary-school
children these ideas will probably not go much beyond realizing that:
+ sounds are produced when objects vibrate;
+ sounds are heard when the vibrations reach our ears;
» sound can travel through different materials and the frequency of vibra-
tion affects the pitch of the sound.
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General characteristics of progression in scientific ideas

As children change their ideas, through modifying them so that they fit the
evidence better or adopting alternative ideas, there is a general trend for the
ideas to become:

¢ more widely applicable to a variety of related phenomena;

* more abstract, more complex;

* more precise and quantitative.
What this means will take different forms for different ideas, of course, but
these general characteristics of progress can be seen as common across con-
cepts. Some examples will be given as we consider these features in a little
more detail.

IDEAS BECOMING MORE WIDELY APPLICABLE AND LINKING MORE
RELATED PHENOMENA TOGETHER

Children tend to develop ideas which explain particular events without con-
necting them with ideas about other events which are in fact related. For
example, the same child can explain the ‘disappearance’ of water (when it
evaporates) in different ways according to the situation in which it is encoun-
tered. If a puddle of water ‘disappears’, the child may explain this as being
because the water has drained away into the ground. If water disappears from a
fish tank, children have commonly explained this in terms of the fish drinking
it, flies drinking it (if it is open) or even people taking water out when no one is
looking! If washing is hung on a line, the explanation is often that the water
drips down.

The teacher’s task is to try to enable the child to see these as related phe-
nomena, all explained in the same way. To do this it is first necessary for the
child to test out existing ideas and become convinced that they don’t really fit
the facts. The puddle can be lined with plastic so that water cannot seep
through, the fish tank can be replaced by a tank without fish, or whatever the
suggestion is, and there can be some way of catching drips from the washing.
In the latter case, the washing is still wet after it stops dripping — so where does
the rest of the water go? Since the washing is surrounded by air, this is the most
likely situation in which the child might realize that the water ‘disappears’ into
the air. Then the teacher can suggest that this explanation might account for
the other cases where water ‘disappears’ and the child can think out and test
out this idea against other possibilities which might have occurred.

In schematic form, the separate ideas have been brought together to form
ideas which are ‘bigger’ in that they can be applied to a greater range of pheno-
mena. This process continues on throughout life.
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IDEAS BECOMING GRADUALLY MORE ABSTRACT

This feature is a concomitant of ideas becoming more widely applicable, since
if ideas apply to many different situations they have to be independent of par-
ticular circumstances and thus related more to general aspects and less to con-
crete aspects. Take, for example, the case of children who explain the drops on
the outside of the cold can brought into a warm room as the metal ‘sweating’.
The exploration of this event might involve children in finding out whether
the drops appear on other surfaces in similar circumstances: on drinking
glasses, on plastic containers and on other objects, such as fruit, taken out of a
‘fridge’. The children will probably begin to doubt that all these things ‘sweat’,
but even if they do not, the circumstances in which ‘sweating’ occurs can be
investigated. A prediction made on the basis of the sweating hypothesis would
lead to the expectation that, if the can were covered in plastic and brought
from the fridge to the warm room, the metal should still have drops on it,
because these come from the metal itself, according to this idea. The test of
this prediction in practice would show drops only on the plastic and not on the
tin. Since the plastic and not the metal is in contact with the air, a better expla-
nation might begin to emerge and the role of the air (and of water vapour in it)
can then be tested.

How the children come to realize that the air is the source of the drops
may be via various routes, each individual (see page 77). The point relevant
here is that moving to the more satisfactory idea and the one which explains all
the situations where drops appear (on windows, on mirrors, etc.) means giving
up the idea of the visible material being the source of the drops and being able
to think in terms of the abstract idea of water being in the air in a form which
cannot be seen. Not surprisingly, young children have difficulty in thinking in
this way, even if they do investigate the circumstances in which the drops
appear; sometimes just beginning to think that it is ‘something to do with the
air’ is sufficient. Later, this idea can be developed further.

Most of the powerful ideas of science are abstract and many tax even adult
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brains when it is necessary to think in terms which do not correspond with
reality (envisaging four-dimensional space, for example). But at the same time
all concepts are to some extent abstract and so there is a continuum. We can
begin, in the primary-school years, to help children use simple abstract ideas,
but we should not expect them to be able to use more complex abstract
models, such as the theory of the molecular nature of matter.

IDEAS BECOMING GRADUALLY MORE COMPLEX

The early ideas of children explain things in terms of the presence of certain
parts or features. (The drum makes a sound when you bang it.) These ideas do
not involve any kind of mechanism - things just happen because the parts are
there; the bicycle wheels go round because of the chain, the ball comes down
to earth again after being thrown up because it is heavy. Later the ideas are
elaborated to indicate mechanisms and only then do they really constitute
explanations. The drum makes a sound when it vibrates; the chain of the bicy-
cle moves round with the pedal and moves the wheel it is attached to; there is
the force of gravity pulling the ball down to the ground.

Each of these more advanced ideas is more complex than the previous
one. This increase in complexity is a feature of more sophisticated ideas and
goes on throughout the development of concepts in secondary-school educa-
tion and beyond. Take the notion of ‘dissolving’ as an example. At first this is
simply ‘explained’ in terms of a substance, such as sugar, having disappeared
in water. Soon the child will find this too simple, because the sugar is still
there (it can be tasted), and so the notion of dissolving has to take account of
the fact that the sugar is still there. Then widening experience shows that it is
not a matter of things dissolving or not dissolving — some things dissolve but
colour the water, others dissolve partly and for everything there comes a time
when no more can be dissolved. Then the idea has to be elaborated further, so
that the relationship between the thing dissolving and the thing dissolving it is
taken into account. To explain this relationship there has to be some explana-
tion of what actually happens to the sugar when is goes into the water and for
this it is necessary to have access to the idea of molecules of different kinds.
This is far beyond the primary-school level and indeed is only really useful 1o
those specializing in science; for others a less complex idea of dissolving is
quite adequate. It shows, however, that there is always room for further elab-
oration of ideas in order to operate effectively at different levels.

IDEAS BECOMING GRADUALLY MORE PRECISE AND QUANTITATIVE

This is most easily seen in the way in which relationships are described. Even
young children can develop some idea, for example, of the relationship be-
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tween how much you ‘squeeze’ air and how much space it takes up. It takes
more force to squeeze more air into a bicycle tyre when it is already nearly full;
if you squeeze air in a potato pop-gun it is easy to see that the more force is
needed the more the air is pressed into a smaller space and the more force is
exerted when the potato pellet pops out. At this stage, though, the relationship
is in terms of ‘more pressure means less volume’. It is only much later, beyond
primary school, that this relationship may be refined into the idea that there is
a proportionality between the reduction in volume and the increase in pres-
sure (which eventually will be expressed quantitatively in the gas laws).

Although children may not go beyond a qualitative relationship in prim-
ary school, the progression to more precise ideas can be helped by encourag-
ing them to think not just about how one thing changes with another, but how
much it changes. This brings us to the point of considering the role of the
teacher in helping children along these directions of progress.

Ways of helping children to develop
their science concepts

Some indication of how children can be helped to advance their ideas emerge
from the examples given above, but it is useful to identify some strategies more
explicitly. The first step in any of these is to find out about the children’s ideas
and for this the suggestions made in Chapter 11 will be useful.

Once the ideas have been expressed in some way, through talking, draw-
ing, writing or indeed through action, then some useful strategies for promot-
ing change are:

« helping children to test out their ideas;

» challenging them to use their ideas in applying them to new situation-
solving problems;

« discussion so that children become aware of others’ ideas and to create an
opportunity to develop the language used by the children;

« asking children to represent their ideas in appropriate ways;

¢ encouraging children to generalize their ideas with caution.

CHILDREN TESTING OUT IDEAS

Children will cling to their ideas, which seem to make sense to them, until
they are convinced that there is evidence to require some change. Often verbal
reasoning and apparently logical argument have little influence; it is important
for the children to see for themselves. Thus testing their ideas in practice is
potentially an important means of making progress. Some examples have
already been given - in testing the idea of how a puddle disappears or whether
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a metal really does ‘sweat’. Putting this strategy into operation depends on the
teacher in several crucial ways. After finding out the child’s idea, the teacher
has to:
« first, take the child’s idea seriously:
+ second, help the child turn the idea into a form to that it can be tested;
« third, help the child do it in a way which is ‘fair’ so that the result is really
a test of the idea (this means applying the suggestion made in the last
chapter);
« fourth, help the child to interpret the results in order to establish the best
explanation.

USING IDEAS AND SOLVING PROBLEMS

Without challenging their ideas directly, children can be helped to reconsider
their ideas by having to use them to solve problems. Problems such as the fol-
lowing will require ideas to be applied and, if the initial idea does not help,
then the children are likely to want to try another idea, assuming sufficient
motivation:
1. Given three unbroken eggs (one of which is hard boiled, one soft boiled
and one uncooked), find out which is which without breaking the eggs.
2. Given two bulbs, one battery and some wires, make the two bulbs light up
as brightly as one does alone.
Separate sand and salt from a mixture of the two.
4. Find out which of some differently shaped containers holds the most
water.
5. Find out which fertilizer is best for helping corn to grow.
6. See if you can make the cut flowers in the classroom last longer before
they fade.
Some care is needed in using the problem-solving approach because its effec-
tiveness depends on the children being motivated to solve the problem. This is
most likely when they have found the problem for themselves, but it is rarely
possible to arrange this at the appropriate time. Thus the timing and presenta-
tion of problems requires thought. It is best when they arise naturally out of
the topic being studied, or can be fitted into it, as this provides the context and
purpose for engaging with the problem. Used sparingly, problems such as
those above can be fun and help progress, but over-use defeats their purpose.

w

DISCUSSION AND THE DEVELOPMENT OF LANGUAGE

While first-hand experience is essential to testing ideas, this does not deny that
ideas can be acquired and modifications considered as a result of interaction
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with others - either in direct discussion or through reading or looking at pic-
tures. The act of presenting ideas to others requires that we put them in some
order, articulate aspects which may only be vaguely formed in our minds and
justify the statements we make. These experiences therefore encourage chil-
dren to reflect on and justify their ideas. In discussion they also realize that
others have different ideas which may cause them to review their own or to
challenge an opposing view.

There is much more to say about the role of language - both written and
spoken - in children’s learning in science, and thus a separate chapter is given
over to it. The point to emphasize in this context is that the discussion during
an activity and the reporting at the end of it are important means of helping
children to develop their ideas, not just their communication skills.

CHILDREN REPRESENTING THEIR IDEAS

Ideas can be communicated in ways other than words and the struggle to
represent an idea in a drawing or model can be as helpful in forcing reflection
as a discussion with others. The way in which this seven-year-old child has
chosen to represent the beating of a drum, for example, says a great deal about
the way she envisages sound spreading out and dying away further from the
drum, probably more than could be put into words.

The product is useful to the teacher as an indication of the child’s ideas (of
which more is said in Chapter 11) but there is also value to the child in the
process of representation. Deciding how to show what is meant by words
forces detailed thought about what they mean. Many words, for example, are
used metaphorically by adults but taken literally by children. This was
revealed in one child’s drawing of how the sun influences the evaporation of
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water — described by the child as the sun ‘sucking up the water from the sea’
and represented as the sun sucking on a giant drinking straw reaching down
from the sky to the sea.

CHILDREN’S GENERALIZATIONS

Attempting to make generalizations is part of developing ideas into broader,
more widely applicable ones. It is also essential if children are to develop ~
from the necessarily limited and specific activities they encounter - ideas
which will help them understand a much wider range of phenomena.

Children do not need much encouragement to generalize, however. Their
tendency is to do this too readily and to be over-inclusive. Claims such as ‘all
wood floats’, ‘a magnet picks up all metals’ and ‘electricity is dangerous’ are
quite often made on the basis of very limited instances. This happens in other
parts of children’s lives and is part of the general characteristic which leads
children to assume that all dogs live in kennels (if theirs does) and to coin
words such as ‘bringed’ instead of ‘brought’ by generalizing rules about lan-
guage.

Without this ability to generalize, though, children would need to learn
many specific instances, so it is not to be discouraged. In science, however, the
reference to evidence is important and so children should be challenged to
give the evidence for their generalizations and helped to be cautious about
statements for which they have only limited evidence. An added benefit from
this is also that it will develop the habit of regarding all general statements or
principles as ‘true as far as we know’ but subject to revision in the light of
further evidence. This lays a foundation for recognizing scientific ideas as ten-
tative.
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Chapter 7

Language, communication
and reporting

Introduction

Practical activity, so essential to learning science, gains much of its value when
it is the basis for talking and writing. Through using language, children have
the opportunity to go back in their minds over what they have done and repre-
sent it to themselves as well as to others. It is the basis for reflection, for inter-
pretation, for bringing experiences together so that ideas and events are linked
up, and the development of concepts, as discussed in Chapter 6, becomes pos-
sible.

Many science lessons, however, are conducted in a way which denies
these points. Children work in silence or murmur quietly - they are certainly
not allowed to engage in challenging discussion and argument about what
they are doing. At the end of an activity or a demonstration they write a formal
account, following a series of headings which generally confuse and often tor-
ment them.

To change these situations, which we believe to be non-learning at best
and probably of negative value in learning real science, it is necessary for
teachers to be convinced of the value of talk and of less formal writing. In this
chapter, therefore, we begin by discussing the role of talk in learning. We then
go on to consider the problem of introducing scientific vocabulary. This is a
difficult issue because, for learning with understanding, the words children
use must have meaning for them; however, for good communication and the
development of rigour in thinking, specialized words or specialized meanings
for words are necessary.

Yet, if children do use these words, how can we be sure that they have
understood what they mean?

In the third section of the chapter we consider communication through
reading and writing in the context of science. Particular attention is paid to the
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way in which children can be encouraged to keep records and make reports
which have value for them and help in their learning.

Talk and thought

Here is a conversation between a child (J) and her teacher (T) about birthdays
and growing old. As you read it notice how ] is sorting out ideas in her mind:
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It’s P’s birthday today. He’s 8 like me, but I’ll be 9 next month.

Does it take you a whole year to get older?

Yes. .. no, it doesn’t.

Are you any older today than you were yesterday?

No - I was 8 yesterday and I’'m 8 today.

So now that P is 8 is he exactly the same age as you?

Yes.

If I have something to give to the one who is older who would get it?

P.

Why?

No, I think it would be me, because I was 8 . . . if he caught up with me I
would have been it before him and he would only just have caught up.
Catching up - would that not make you the same age?

No, I don’t think so. I’m older, because I’m 8 and a half.

Are you getting older now — tomorrow will you not be older than you are
today?

No, I’ll be the same until April the 28th.

What does older mean?

If 'm 8 and I have my birthday today and become 9 it means that...um...
getting older means that when you have a birthday you get older and older
each year. I’m not quite sure what old means . . . it means you get grey hair
and wrinkles - I think so. It’s a pattern, there’s a pattern because you get
smaller and then taller and then taller and then you get — big.

Do you carry on growing taller as you get older?

Yes, you do.

Always?

Sometimes you do and sometimes you don’t. Because when I was a little
baby I was very small and now I’m quite tall.

What about grown-ups? Do they go on having birthdays?

Yes, they do.

Do they continue getting taller?

No. I don’t think they do. I’'m not quite sure. I think some people do, but
some people don’t. When you’re old you can also grow smaller.

Do you know anyone who’s grown smaller?

No, but I know people who’ve grown bigger. My Uncle’s grown huge!
Has he stopped growing yet?
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No, he’s still carrying on growing.

Is he old?

He’s in his thirties.

How old is old? What would you think is old?

It depends on the person. If it’s a weak person it doesn’t take very long - if
it’s strong and lively it’s quite long.

bl Rl ey

At the beginning ] contradicted herself about whether she was older than P.
Later she confused being old in years with having the characteristics of old
age. These may seem artificial problems caused by the ambiguity of our lan-
guage; the way we use words like ‘age’ and ‘old” with several shades of mean-
ing. However, language always has ambiguities and learning to use it means
coming to realize that the context in which words are used has to be taken into
account and that words have socially agreed meanings.

Children often have difficulty with ‘everyday’ use of words which have
special meanings in the context of scientific activity. For example, the word
‘energy’ is associated with feeling active and lively in everyday usage, so it is
difficult to reconcile the scientific view that after a large meal we have more
energy with the feeling of being sleepy and lethargic! This confusion arises
because the children have not recognized the subtle difference between an
‘everyday’ and a ‘scientific’ context in using this word.

To be able to sort out ambiguity in language it is important to use it: to talk
to others so that one’s message becomes clear; to listen to how others use
words in different ways; and to question and clarify meaning and adjust one’s
ideas in response to the feedback.

In this next conversation (also with an eight-year-old), notice how P clar-
ifies the teacher’s meaning of the word ‘distance’. Perhaps she is already aware
that we often use this word in relation to time, as in ‘the distant past’.

(P asked to look at the teacher’s watch because she thought her own was
slow.)

P:  Yours says 10 to, mine’s not quite on the 10.

T: How many minutes will it take for the big hand to move to number 11?

P:  Five on yours, but a bit more on mine ’cos it’s slow,

T:  What does ‘slow’ mean?

P: Well, it’s — um - got a bit less time.

T:  Does that mean the time is really less?

P: No - it’s really 10 to - if yours is right - but mine isn’t going round so
quickly so it hasn’t got so far.

T:  Let’s look at the big clock. Is the distance from 10 to 11 the same as it is on
my watch?

P: Whatdoyoumean...er...time?

T: I mean in the actual distance the end of the hand moves.
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P: Well, that’s bigger on the clock, but in time it’s the same.

T:  Soisthe end of the hand on the clock moving at the same speed as the hand
on my watch?

P: No. The one on the clock is moving faster ’cos it’s got a bigger distance to
move round.

T:  Isitstill the same time it takes, then?

P: Yes.

Y:  So what’s wrong with your watch going more slowly than mine then?

P: Yes, but yours should go more slowly than the clock but mine shouldn’t go

more slowly than yours,

P’s well advanced ideas about speed, time and distance can be contrasted with
D’s who, when asked the same question about the distance between the num-
bers 4 and 5 on the wall clock and on the watch, agreed that it was a greater dis-
tance on the clock. Then:

T: Is it the same on both the clock and the watch?

D:  Yes, the hand moves from 4 to 5 at the same speed as each other.

T: It takes the same time, but are the two hands moving at the same speed?
Remember you said it’s about twice as far from 4 to 5 on the clock as it is on
the watch.

D:  Yes, it’s the same speed and the same time - it must be.

Here D’s conceptual understanding of speed and time is revealed as limited
and no amount of defining words is likely to make any difference at this point.
D’s ideas need to be challenged by experiences which don’t make sense if the
same time must mean the same speed. This means that for D the words must
take on different meanings and these must make sense both to D and in help-
ing communication with others. How talk can help in this is well expressed in
the following passage from an ASE publication on Language in Science:

We talk ourselves into our own understandings by sharing our insights and prob-
lems with others. Most of us argue to find out what we ourselves think rather than
to persuade another to our point of view. During the course of argument, new
slants are put on a particular idea so that it begins to grow in another direction, or
perhaps to have certain aspects cut off it. The net result of this activity is a slow
change in our view of the world.!

The study of children’s talk when involved in group tasks has shown how
important exchange between children is in challenging ideas. Barnes, who
pioneered much of the work in this area, called this ‘exploratory’ talk. He

1. Association for Science Education (ASE), Language in Science Working Party, Language
in Science, Hatfield (United Kingdom), ASE, 1980. (Study Series, No. 16.)
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showed how in science tasks the idea of one child is taken up and elaborated by
another, perhaps challenged by a third, which leads them back to check with
the evidence from practical investigation. It is not only concepts or ideas
which are challenged, either, but the way in which an investigation is carried
out or a prediction made. With several minds at work, there is less chance of
ideas being tested in a superficial or unfair way than there is if one person is
working alone, with no one else to challenge what he or she does. Language is
the means whereby processes and ideas are challenged and this is the basis for
the argument that talking is essential to learning.

Although formal reporting and organized discussion have their role in
learning, Barnes emphasized the value of talk among children when there is
no adult present. In such situations, working on a common problem, children
interrupt each other, hesitate, and rephrase and finish each others’ sentences.
Ideas are thrown in without any fear of ridicule or worry that they must be
wrong. As Barnes put it:

The teacher’s absence removes from their work the usual source of authority; they
cannot turn to him to solve dilemmas. Thus . . . the children not only formulate
hypotheses, but are compelled to evaluate them for themselves. This they can do
in only two ways; by testing them against their existing view of ‘how things go in
the world’, and by going back to the ‘evidence’.!

That there are positive advantages of a teacher nor being present in every
group during an investigation must relieve a teacher of the guilt of not being
ubiquitous. At the same time, there is a considerable burden on devising tasks
which encourage this type of interaction.

Using scientific words

The right point at which to introduce and expect children to use correct
‘scientific’ words for the phenomena they are investigating is an issue which is
bound up in the role of language in learning. General guidelines emerge from
the view of learning, but the best action to take in a particular case has to be
judged on the spot.

There are two main situations to consider: where children encounter an
object or phenomenon for which they have no word and where children use a
word inaccurately or with a very limited meaning. The first of these probably
gives teachers most concern, whilst the second is actually more important and
easy to overlook.

1. Douglas Barnes, From Communication to Curriculum, p. 29, Harmondsworth (United
Kingdom), Penguin Education, 1976.
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A general rule which it is useful to apply when deciding whether or not to
introduce or insist on the use of a correct scientific term is to ask the following
questions. Will using the correct word help the child’s understanding? Does it
matter if the correct word is not used? Is it important to introduce the word at
this time?

The answer to these questions might be ‘yes’ where a distinction has to be
made between one phenomenon and another: when sugar and other solids
‘disappear’ in water, children will use words including ‘melting’ to describe
what has happened. It is useful to prevent confusion by introducing the word
‘dissolving’ and to do it on the spot, when examples of dissolving are in front of
the children so that they know what the word labels. Another example is sup-
plying a word to describe all the materials which allow a current to pass in a
simple electric circuit. Again, having the materials and what they do in front of
the children means that the word is firmly attached to at least some examples
of its meaning.

In other instances, providing names can wait, or may not even be impor-
tant. This may well apply when children are looking at a number of different
things - perhaps a collection of minerals or what they have caught in pond
dipping. Here the introduction of correct names is likely to interfere with the
main purpose, that of realizing the variety of things there are, and if children
want to refer to individual items they can use their own descriptive labels (‘the
purple crystal’ or ‘the wriggly thin red worm’) for this purpose. Children can
be told that these things do have names, which can be found in books, but that
most people (including their teacher) don’t know them because they don’t
need to use them. (There is more about naming things in the context of field
studies on p. 214.)

When children have a perfectly good word - such as ‘grip’ for a rough sur-
face where there is friction — the answer to the questions above might well be
‘no’. Until their experience leads them to want to describe the much more
abstract phenomenon of friction, the word cannot have the correct meaning
for them and so would be unhelpful.

The main principle here is to provide words when they have meaning in
terms of the children’s experience and will be useful to them. The word
should fill a perceived gap in the children’s vocabulary and should be one that
they need to use. In contrast words introduced without need in prior expe-
rience are likely to be forgotten immediately or used inappropriately. As chil-
dren develop and their experience becomes richer, they need more words to
distinguish phenomena and describe objects more accurately. Thus there will
come a time when it is helpful to use the word ‘respiration’ rather than ‘breath-
ing’, for example, but to do this before a distinction between the two is evident
in experience will only confuse. It does children no service to feed them words
which they cannot use because they are not sure of their meaning.
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The inaccurate or limited or over-inclusive use of a word in science is a
normal part of children’s learning. As concepts become more widely applic-
able (see Chapter 6), it is inevitable that the meaning of words has to shift. So
we should see the development of vocabulary as part of the development of
children’s understanding, not as a matter of ‘giving the right word’. Children
will, then, necessarily use scientific words somewhat idiosyncratically. They
also pick up technical words from the media, friends and other sources out of
school and attempt to use them. All this adds up to a situation where children
may be using words intending a different meaning than the accepted one.

To develop better understanding, it is useful to discuss words with the
children, wherever possible with some direct experience of the phenomenon
available at the time. When discussing what the children mean by the word
‘vibration’, some objects which can vibrate should be present. Children can be
asked to find other examples of what they think is ‘vibrating’ and opinions of
others can be sought. So, if a glowing colour is produced as something which
is ‘vibrating’, there can be a discussion which helps to clear the confusion aris-
ing from the metaphorical use of the word. This could be a good moment to
introduce another word to describe the intense colour.

In summary, then, the development of children’s vocabulary can be
helped by:

» providing words when they are needed to describe or label something of
which the children already have experience; and

* discussing words which children use to find out what they mean by them
and developing this into more conventional use.

Reading and writing

Verbal communication also includes reading and writing but here there is less
opportunity for the close dialogue which helps to clarify words in speech. It is
important not to confuse real understanding with mere information. To con-
sider the difference, imagine that someone has told you of the existence of
things called ‘keets’ and you read the following passage about them:

Keets are intriguing and useful objects because they are keetic. Some occur nat-
urally and many are man-made. It is thought that ancient man may have used
them for gathering sticks but since they rot away in most climates there is no firm
evidence of this. Natural keets are made of the rare hip-wood. Some other mate-
rials can be made keetic if they are brought up 1o a keet in a special way; they must
point towards the moon and be rubbed together in a circular movement. When two
keets are brought towards each other a low-pitched note is heard which rises in
pitch as they come closer together. The noise can be arrested by placing a thick
piece of wood between them, so keets are always packed in wooden boxes with sep-
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arate compartments for each. Keets gradually become less keetic if they are
exposed to noise so it is important not to speak too loudly, and especially not to
sing, when close to them. Several keets can be made into one large one which will
be as loud as all the small ones separately. Keets are used in the trilling industry for
tuning instruments and for measuring distances.

Can you now answer the following questions about keets:
¢ Do they occur naturally?

What can they be made from?

When do they make a noise?

What changes the pitch of their note? etc.

You probably can, even though you have no idea what a keet is. It is useful to

reflect on why you do not understand and yet can answer the factual questions,
Keets may seem too fantastic to you, but this is only because you have a

wide experience of materials. We do not need to go into the realms of fantasy

to consider what happens to children in circumstances where they do not have

the wide experience. The following passage from the Children’s Britannica,

about lasers, illustrates the point:

From an ordinary light source, such as a lamp bulb, light streams in all directions,
just as when a stone is thrown into a pond the ripples radiate outwards in ever-
widening circles, becoming fainter and fainter as they go. This kind of light is
known as incoherent light, that is, it does not cohere or stick together, but spreads
all around. But in the laser things may be so arranged that all the light comes out in
the same direction. This kind of light is known as coherent light. If the light is con-
centrated like this into a very narrow beam, the source appears extremely bright.
The most powerful laser sources are brighter than any others that can be made - in
fact they are much brighter than the Sun.!

While these passages may not seem very heipful in developing understanding,
there clearly is a place for books in helping children to learn about science.
Apart from books which are intended to be the basis for classroom work, the
purposes which books for children can serve in science include:

» expanding the range of children’s experience at second hand, through
illustrations and accounts of things beyond the children’s immediate envi-
ronment;

« setting science within a human context through accounts of the work of
scientists and technologists, and stories of past and present discoveries;

« linking to other subjects by embedding science within stories, poems, €lc.;

1. Robin Sales and Brian Williams (eds.), Children’s Britannica, 3rd ed. rev., Vol. 10, p. 174,
London, Encyclopaedia Britannica, 1981.
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« providing further information about things they will have encountered
and how things in their experience work.
Good communication through reading enables the reader to have a dialogue
with the text, to question it, to be challenged by it and to make it part of one’s
own thinking. Similar considerations apply to children’s writing; to be most
useful it should be part of a dialogue between child and teacher.

Both informal and formal writing can be the basis for dialogue. Too often
the only kind of written account which is considered in science is the formal
report at the end of an investigation. For many children, this is a formidable
task and mars the whole enjoyment of the activity. Often the only purpose chil-
dren see for this report is to satisfy the teacher. The problem is that this is often
a waste of time for both the child and the teacher who has to mark it. It does
not help children to appreciate the value of communication in writing. For
this it is best to build up the use of informal notes by children, starting with
what they need to write down, since they cannot remember everything which
happens in an investigation.

Allowing and encouraging children to use a personal notebook in which
they put down what they want and need to record, for themselves and for no
one else, is a good way of helping them use writing, not only as an aide-
mémoire but also to sort out their ideas. Scientific activity is systematic activity
and using a notebook helps in keeping observations in an orderly fashion,
recalling where certain observations were made and drawing diagrams to show
exactly how things were before and after certain changes were made. Children
need to learn how to do this and they can only do it by having and using a note-
book themselves. The teacher can help by suggesting what sorts of things
might be noted down, by giving hints about putting results into a table and by
showing how labels can be attached to drawings.

These notebooks should not be marked, but they can be read. They are of
great value to a teacher in showing how children are thinking. The temptation
for a teacher to ‘correct’ what is there should be resisted and instead comments
can be made in writing which constitute a written dialogue with the child.
This example illustrates the approach:

Maria, quietly working with her balance, chose a pile of cotton wool and a small
rubber. She placed them both on her balance and was surprised that the tiny rub-
ber was heavier than the big fluff of cotton wool. She called her teacher to come
and see. He showed interest and talked to her. Maria demonstrated how she came
to her unexpected conclusion: ‘See? The rubber goes down and the cotton goes
up.’ Then the teacher asked her, ‘Can you find something that is lighter than the
cotton wool?’ and went his way. Maria tried several objects until she found a pea-
nut which was lighter than the cotton wool. She took her book and wrote, I put
cotton on one side and my rubber on the other. When I put a peanut, the cotton
went down.” When her teacher saw this cryptogram, he made the following com-
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ments. To the first part he added, “What did your balance look like?’ and concern-
ing the second part he asked, ‘Where did you put the peanut?’

This teacher effectively helped Maria to make her notes better without creat-
ing fear or tension. It did not take Maria long to add her drawing of the balance
with the cotton up and the side with the rubber down. She also wrote, ‘The rubber
was heavier. Then I put a peanut instead of the rubber, and the peanut was lighter.’
And this she illustrated with a fresh drawing of the balance in reverse position.
And, what is more, she thought it was all her own idea.!

1. Jos Elstgeest, Wynne Harlen and David Symington, ‘Children Communicate’, in:
W. Harlen (ed.), Primary Science: Taking the Plunge . . ., op. cit., pp. 100-1.
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Chapter 8

Encouraging and handling children’s
questions

Introduction: the importance of asking questions

We all ask questions when we want to know something, or when we are puz-
zled or curious about something. Our questions show what we do not know
and what we would like to know. Children’s questions are no different; they
give an important lead to what the children have already understood and what
they have not understood. They mark the cutting edge of children’s learning.
Sometimes, t00, in the way they are expressed, children’s questions indicate
their pre-conceptions (as when a young girl looked at a particularly aggressive-
looking cactus plant and asked ‘Is there an animal inside it?’).

Thus encouraging children to ask all kinds of questions is important, for
through this means they can fill in some links between one experience and
another, and gain the help they need in making sense of their experience. But
scientific activity can only answer certain Kinds of questions, ones which ask
about what there is in the world around and how it behaves. In answer to these
kinds of questions assertions can be made which can be verified by investiga-
tion. Examples are ‘Does wood float in water?’ ‘Do trees grow at the top of
high mountains?’ In contrast there are questions such as ‘Should happiness be
the aim of life?’ or ‘What is the nature of knowledge?’ which are philosophical
and not answerable by scientific inquiry. There are also questions of human
motivation (‘Why do martyrs sacrifice their lives?’) and of aesthetic judgement
(“Which of these pieces of music is most attractive?’) which are quite different
from the kinds of question answered by science.

Recognizing the difference between different kinds of questions is impor-
tant for teachers in helping them respond to children’s questions. It is also
necessary so that children can be encouraged, within science activities, to pose
questions which they can answer by action. This chapter attempts to give
teachers help in developing the skills of encouraging certain kinds of ques-
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tions while being capable of handling all kinds of questions which children
constantly ask.

Types of question

Here are some questions which children asked when they met a marine biol-
ogist. (The age of the child involved is in brackets following each question.)

« Isit possible that there are creatures we don’t know about at the bottom of the
sea? (10)

+ Why are crabs inside out? (8)

* How do sea urchins swim? (5)

+ How do you become a marine biologist? (11)

¢ Why is the sea salty? (6)

+ How old is the oldest fish? (9)

¢ Why do fishes live under water? (6)

» What is the average age that fish live to? (11)

+ Why do some sharks eat people and some don’t? (9)

These are the sorts of questions children ask about a subject they are interested
in; the sort which are very difficult even for an expert to answer and in some
cases impossible to answer in a way which could be understood by children of
the age who asked them.

This may or may not be comforting to the primary-school teacher, who is
not a marine expert and yet is the one who will be asked similar questions on
this and every other subject by the children!

It also may or may not be comforting to know that it is quite often not the
best thing to do to attempt to answer the child’s question, because:

¢ children can be deterred from questioning if they receive answers which
they cannot understand;

* a question is not always what it seems (in other words, it does not always
require an answer); and

 giving the answer may prevent children from finding it out and learning
something in their own terms.

Instead of thinking that every question has to be answered, it is best to study
questions and learn how to handle them, not necessarily to answer them.
We can categorize most of children’s questions into five types:

1. Questions which are not asked for information but are really comments
expressed as questions (‘Why are birds so clever that they can weave nests
with their beaks?’).

2. Questions requiring simple factual answers which can be readily under-
stood by the child (‘Where was this bird’s nest found?’).

3. Questions which would require complex answers which the child would
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be unlikely to understand (‘Why do some birds build nests and others
don’t?’).
4, Questions which could readily be answered by the child through investi-
gation or inquiry (‘What is the nest made of?).
5. Philosophical questions (‘Do birds enjoy making their nests?’).
As an exercise try categorizing each of the questions to the marine biologist.
(Note that some questions might be capable of simple answers but still be ones
which children could investigate for themselves. These should be categorized
as (4).)

Do this first by yourself and then, if there is an opportunity, discuss your
results with others and try to reconcile any differences.

Questions in category (4) are the most productive for science activities and
the ones we should encourage children to ask. This can be done by example,
when teachers ask questions which encourage scientific activity. It is worth
practising this skill and the following exercise is designed to do this.

TEACHERS’ QUESTIONS WHICH ENCOURAGE ACTIVE LEARNING

Imagine that a child comes up to you, his or her teacher, and proudly shows
you a leaf that he or she finds interesting and has picked up on the way to
school. What questions about the leaf can you ask the child that will start him
or her investigating scientifically? (Such questions may not be the first res-
ponse to the child but they are appropriate at some point and so need to be
thought out.)

Information questions Action questions

Promote science as information. Promote science as a way of working.

Answers derived from secondary Answers derived from first-hand

sources by talking/reading. experience involving practical action
materials.

Tend to emphasize answering as Encourage awareness that varied

the achievement of a correct end- answers may each be ‘correct’ in their

product (the right answers). own terms and view achievement

as what is learned in the process
of arriving at an answer.

Successful answering is most readily Successful answering is achievable
achieved by verbally fluent children by all children.

who have confidence and facility

with words.
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Write down your questions. Share them with others and then decide
whether they really meet the criteria of action questions - that is (a) they stim-
ulate answer-seeking through active investigation and they encourage chil-
dren to use their own ideas and communicate the fact that these ideas are
valued - or whether (b) they are asking the child for information.

The educational significance of the distinction can be seen from the sum-
mary of their implications given in the table on page 97.

QUESTIONS THAT ENCOURAGE CHILDREN TO USE
SPECIFIC SCIENTIFIC SKILLS

We can extend the notion of phrasing questions to promote active investiga-
tion to target particular process skills. This is useful when a teacher is aware
that certain children will benefit from, say, being required to make more
detailed observations or trying to plan a fair test.

The approach can most easily be conveyed through an example. Suppose
children are undertaking to study the germination of seeds. They begin by
looking at a collection of dry seeds before planting them. Then they prepare
for planting seeds in various conditions and in various ways which test some of
their ideas or might answer their questions (such as ‘Will the seeds grow just as
well upside down?’). They plant some seeds in different conditions which they
help to decide. They observe, measure and discuss the growth over a period of
time and make some interpretation of the results which leads to more ques-
tions and more trials.

At various points in these activities, the teacher could ask questions such
as those below which would lead children to use and refine their process skills
whilst developing their experience of seeds and ideas about growth.

To encourage children to observe
¢ What are the differences between these seeds (of different types)?
* What are the differences between these seeds (of the same type)?
« What is the same about these different types of seed?

What are the differences in the plants from different seeds?

What is the same about plants from different seeds?

To encourage children to raise questions
¢ What would you like to know about these seeds?
* What would you like to find out about these plants?

To encourage children to hypothesize
¢ Why do you think these (dry) seeds are not growing?
¢ What do you think will make them grow?
« Why do you think some seeds are growing more quickly than others?
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* How do you think we could make them grow more quickly?

To encourage children to devise and plan investigations
¢ What will you need to do to try out your ideas about what will make the
seeds grow (or the plants grow better)?
¢ What equipment will you need?
What is the thing to do first . . . and then . . . and then?
+ How will you make sure that it is a fair test?
¢ What will you look for to find out the result?

To encourage children to measure and calculate
» How many seeds of each kind are growing?
* How much are they growing each day/each week?
+ How does the growth vary from day to day/week to week?

To encourage children to find patterns and relationships
¢ Was there any connection between the size of the seed and how quickly it
grew?
+ What difference did the amount of water (or sun, or the type of soil) make
to the way the seed grew?

To encourage children to make predictions (when the seeds are growing and rela-
tionships have been found)
« What do you think will happen if we give the seedlings more (or less)
water?
+ How much do you think they will grow if we double (or halve) the amount
of water?

To encourage children to design and make
» Can you make a device that will water the seeds evenly and regularly?
¢ How could we weigh the seeds whilst they are growing?

To encourage children to reflect critically
* In what way could you improve your investigation if you started again?
» Can you think of a different and better way of trying out your ideas?

To encourage children to communicate
* How can you explain to others what you have done and found out?
» What is the best way to keep a record of the way the seeds grew?
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Handling children’s questions

Although we may encourage children to ask action or investigable questions,
they will always ask all kinds of questions and these have to be addressed in
some way. By emphasizing the value of action questions we do not imply that
only these type need be heeded. To dismiss any of the children’s questions
risks deterring further questions and thereby losing a valuable source of infor-
mation for helping their learning.

The following passages by Jelly from Primary Science: Taking the Plunge
describe a strategy for turning questions which may not at first appear to be
action questions into ones which can start children investigating. It is partic-
ularly useful for those questions, categorized as (3) above which could only be
answered in terms of concepts beyond the grasp of primary-school children.

Spontaneous questions from children come in various forms and carry a variety of
meanings. Consider, for example, the following questions. How would you res-
pond to each?

1. What is a baby tiger called?
What makes it rain?
Why can you see yourself in a window?
Why is the hamster ill?
If I mix these (paints), what colour will I get?
If God made the world, who made God?
How long do cows live?
How does a computer work?

9. When will the tadpoles be frogs?
10. Are there people in outer space?
Clearly the nature of each question shapes our response to it. Even assuming we
wanted to give children the correct answers, we could not do so in all cases. Ques-
tion 6 has no answer, but we can of course respond to it. Question 10 is similar; it
has no certain answer but we could provide a conjectural one based on some rele-
vant evidence. All the other questions do have answers, but this does not mean that
each answer is similar in kind, nor does it mean that all answers are known to the
teacher, nor are all answers equally accessible to children. . . .

Not only do questions vary in kind, requiring answers that differ in kind, but
children also have different reasons for asking a question. The question may mean
‘T want a direct answer’, it might mean ‘I’ve asked the question to show you I'm
interested but I’'m not after a literal answer’, or it could mean ‘I’ve asked the ques-
tion because I want your attention - the answer is not important’. Given all these
variables how then should we handle the questions raised spontaneously in science
work? . . .

WNAV AW

1. Sheila Jelly, ‘Helping Children Raise Questions - and Answering Them’, in: W. Harlen
(ed.), Primary Science: Taking the Plunge . . ., op. cit., pp. 53-5.
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What follows is a suggested strategy . . . It’s not the only strategy possible, nor
is it completely infallible, but it has helped a large number of teachers deal with
difficult questions. By difficult questions I mean those that require complex infor-
mation and/or explanation for a full answer. The approach does not apply to sim-
ple informational questions such as 1, 7 and 9 on the list above because these are
easy to handle, either by telling or by reference to books, or expertise, in ways fami-
liar to the children in other subject areas . . . Essentially it is a strategy for handling
complex questions and in particular those of the ‘why’ kind that are the most fre-
quent of all spontaneous questions.

The strategy recommended is one that turns the question to practical action
with a ‘let’s see what we can do to understand more’ approach. The teaching skill
involved is the ability to ‘turn’ the question. Consider, for example, a situation in
which children are exploring the properties of fabrics. They have dropped water
on different types and become fascinated by the fact that water stays ‘like a little
ball’ on felt. They tilt the felt, rolling the ball around, and someone asks ‘Why is it
like a ball?” How might the question be turned by applying the ‘doing more to
understand’ approach? We need to analyse the situation quickly and use what I call
a ‘variables scan’.

The explanation must relate to something ‘going on’ between the water and
the felt surface so causing the ball. That being so, ideas for children’s activities will
come if we consider ways in which the situation could be varied to better under-
stand the making of the ball. We could explore surfaces keeping the drop the same,
and explore drops keeping the surface the same. These thoughts can prompt
others that bring ideas nearer to what children might do.

For example:

1. Focusing on the surface, keeping the drop the same:

» What is special about the felt that helps make the ball?

* Which fabrics are good ‘ball-makers’?

» Which are poor?

¢ What have the good ball-making fabrics in common?

¢ What surfaces are good ball-makers?

What properties do these share with the good ball-making fabrics?
¢ Can we turn the felt into a poor ball-maker?
2. Focusing on the water drop, keeping the surface the same:

» Are all fluids good ball-makers?

» Can we turn the water into a poor ball-maker?

Notice how the ‘variables scan’ results in the development of productive questions
that can be explored by the children. The original question has been turned to
practical activity and children exploring along these lines will certainly enlarge
their understanding of what is involved in the phenomenon. They will not arrive
at a detailed explanation but may be led towards simple generalization of their
experience, such as ‘A ball will form when . . .’ or ‘It will not form when . . .’.

Some teachers. . . are uneasy that the original question remains unanswered,
but does this matter? The question has promoted worthwhile scientific inquiry and
we must remember that its meaning for the child may well have been ‘I’'m asking it
to communicate my interest’. For such children interest has certainly been deve-
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loped and children who may have initiated the question as a request for explana-
tion in practice, are normally satisfied by the work their question generates.
The strategy can be summarized as follows:

Analyse the question

|

Consider if it can be ‘turned’ to practical activity
(with its ‘real’ materials or by simulating them)

l

Carry out a ‘variables scan’ and identify productive questions

|

Use questions to promote activity

l

Consider simple generalizations children might make from experience.
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Chapter 9

Science outside the classroom

Introduction

The environment of every school is a ready-made source of objects, happen-
ings and relationships to investigate. Thus even if a school has few internal
resources for active science, it is never short of an environment which can sup-
port a great deal of scientifically and educationally valuable activity. Not only
are almost all the materials to use outside the classroom free but they also have
an intrinsic reality. Ideas developed through their study do not afterwards have
to be applied to ‘real’ life, as do many classroom activities, for they are found in
the real situation and immediately help in understanding it.

This chapter has two sections, both of which include activities for teach-
ers relating to preparing activities for children. In the first section we describe
a way of using the environment to stimulate curiosity, to encourage careful
observation and to bring about an awareness that one can learn from and about
everything in the surrounding environment. The technique is one of devising
a ‘trail’ which children can follow from ‘station’ to ‘station’ where they under-
take tasks which involve some mental and physical activity, and lead to
enhanced appreciation of their immediate environment. A trail can be set up
in any environment, built or natural; indeed it can be restricted to the school
buildings themselves if need be. The activities at the stations are brief and
necessarily superficial, but they can be the start of further inquiries.

The second section deals with deeper and more sustained investigation of
parts of the natural environment requiring access to ground in which plants
grow and small creatures live. A garden or park can supply these if access to
more natural vegetation is difficult. The extended and ordered study of a par-
ticular plot of ground gives the opportunity for relationships to be seen be-
tween different things living together and the effect on these of the physical
conditions of the soil, the weather and the presence or absence of shelter,
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shade or sun. Such studies provide opportunities to connect related findings
into more widely applicable concepts.

An activity trail

An activity trail is designed to lead people (teachers or children) to a number of
places (called ‘stations’) in the immediate surroundings. At each station they
are presented with some challenge. The stations can be indicated by numbers
on a rough map or people can be led to them by brief route instructions. The
challenge at each station is presented in the form of a question in a few words
on a paper drawn up beforehand by the ‘trail makers’. The answer to the ques-
tion must be obtainable by some activity carried out on the spot-most com-
monly by careful observation, but sometimes by reasoning, measurement, esti-
mation or a simple experiment, and in many cases, by discussion.

An activity trail can be set up in any environment. It can be just an inter-
esting in ‘concrete jungle’ as in a garden. There is no environment which can-
not provide the setting for a trail. Of course every environment and trail is
unique and so we cannot provide an example that anyone can take away and
use. However we can give some examples of ‘stations’ which have been used
and which can be adapted to suit particular situations. Some of these clearly
use built structures and others natural features of the environment.

EXAMPLES OF ‘STATIONS’ IN AN ACTIVITY TRAIL

1. Stand outside the door on the steps.
Make five different observations which indicate that a wind is blowing.
Estimate the wind strength.

2. Choose any car in the car park. Look at it carefully for signs which tell you
something about its history. Does it tell you anything about its owner?

3. Stand half-way along the path to the gate. Note all the different sounds
that you hear in 2 minutes.
Sort your sounds into two groups. In how many different ways can you do
this?
Select a frequent loud sound. Find out how far away you have to walk
before you can no longer hear it.

4. Find the large ‘flame of the forest’ tree behind the playground.
Estimate the height of the tree.

5. Look at the stones in the wall at the back of the flower bed. Do you think
they are just decorative or a structural part of the wall? Give your reasons.

6. Notice the direction of the flower heads of the sunflowers. Can you
account for the way they are facing?
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. Wet your hand in the pond and make a wet print on the ground.

How long do you think it will take to dry? Find out. Find a way to make it ‘
dry faster.

Look at the roof of the garden shelter.

Estimate how many tiles it has.

Look out across all the land from the building to the hills in the distance.
What evidence is there of human presence more than 50 years ago?
What evidence of human presence between 10 years and 20 years ago?
What evidence is there of human presence in the last year?

What evidence is there of human presence in the last week?

Look at the two bushes of the same kind growing on either side of the
path.

What differences do you notice in how they are growing?

Propose three alternative reasons for these differences.

PRINCIPLES IN MAKING AN ACTIVITY TRAIL

Some general points can readily be drawn together from these examples which
guide the making of a trail:

1.
2.

The questions asked are ‘action’ questions not factual ones (see page 97).
The challenges draw the participants into more careful use of their senses,
into making comparisons, postulating hypotheses, seeking evidence - in
other words, using process skills.

The stations can be created in one of two main ways: either by looking at a
particularly interesting or unusual feature of the environment and posing
an action question about it or by starting from a particular activity (such as
estimating or pattern finding) and finding a situation which lends itself to
being a subject for this activity (any tree’s height, or the number of leaves
it has, could be estimated).

The stations of the trail should be independent of each other so that peo-
ple can start at any station and need not visit them in any order.

. People should work in groups (of three or four) and carry out the activities

as a group; the station activities should, where possible, take advantage of
the group and encourage discussion.

PURPOSES OF A TRAIL

As we said in the introduction, a trail is not intended to be a thorough study of
the environment. It serves quite different but equally valuable purposes, par-
ticularly in the context of a teachers’ course.

First, working on a trail is a good ‘ice-breaker’; it gets people talking and

working together, and it helps them to get to know the surroundings if these

105



Science outside the classroom

are not familiar. Second, it provides experiences of carrying out process skills
which can be later discussed. Finally, it uses no equipment and yet it enables
information to be gained through scientific activity. All of these purposes are
best served by setting up a trail as an early activity (the first, perhaps, after for-
malities have been completed) in a teachers’ course.

Later the use of a trail with children can be discussed. It is probably quite
evident from the examples that stations can be the starting points for extended
activity on a particular topic (evaporation, for example, or the conditions
which favour healthy growth of plants).

Scientific study of the living environment

The environment of the school is as rich a source of scientific information as
any textbook. Like a book, however, it is necessary to know how to read it
before it can add to our learning. Children need to learn how to study this
‘book’, particularly as, being so familiar to them as part of their daily expe-
rience, it is easy for the features of the environment to be taken for granted.
But to help the children, teachers also need to know how to read the ‘book of
the school environment’. It will be necessary for the teacher to make a biolog-
ical and ecological survey of the school’s immediate surroundings so as to
recognize and assess its potential for children’s scientific activity.

Preparations for working with children in the field, over and above plan-
ning the logistics of reaching the area for study and deciding how to ensure
orderly behaviour, must involve: preparing questions which stimulate the
children to formulate questions to investigate and to take up the problems
which are to be found in this part of the living environment; thinking out how
to guide the children to find answers to these problems and questions, that is,
to practise and develop process skills; and planning ways to help the children
to organize their observations and learning so that instead of being content
with isolated findings, they seek to connect the ideas they form into relation-
ships and conceptual patterns of understanding. When teacher and children
discuss their work (what they say, what they did, why they did it, and what they
observed and concluded), relationships of cause and effect, of dominance of
one thing over another, of physical influence, of parental care, of interference,
etc., can be pointed out.

AN EXAMPLE: PREPARING FOR WORK ON A ‘MINIFIELD’

A minifield is a piece of ground which is chosen because it looks interesting
for some reason or other, and is marked out using string, sticks or a hoop. It is
usually about one square metre in area (see Part Two, page 201).
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To identify what preparation is needed by a teacher, let us first anticipate
what children will be doing when working on their minifield. They will prob-
ably find a variety of plants in different stages of growth, and of varying size and
appearance. They can count the number of individual plants of the same kind
and the number of different kinds that are found. They can map the topo-
graphical position of plants of the same kind within the minifield and so record
spatial relationships among the plants and other features. They can find which
plant dominates, either by occurring most, or by its size. By then they will
already have started to establish certain relationships, either spontaneously or
with prompting from their teacher. A question as to whether the dominating
plant seems to have an influence on the others can start the children looking
for a different type of relationship, such as might explain why a patch of
ground (perhaps under the spreading flat leaves of a common dandelion in a
lawn) is bare.

If the children are to develop the skills and attitudes for noticing and
investigating these sorts of occurrences and develop the habit of using observa-
tions and predictions to develop understanding, then they need the encour-
agement of their teacher. This can take the form of things being pointed out or
a question which sets them reasoning. The best preparation for this role is for
the teacher to have experienced personally the exploration of similar mini-
fields and to have discussed the significance of what they have done and found
with others. Thus the activities to be found under the title ‘Children and their
Environment’ (Chapter 15) should be undertaken by teachers in the first place.
Teachers who have never done such activities before should do them a num-
ber of times in different situations.

Once familiar with the general possibilities of minifields, the particular
patches of ground to be studied at a particular time must be surveyed before
children are taken to work on them. This enables the teacher to think of appro-
priate questions and problems for the children to undertake.

Studies of minifields by teachers, during in-service or pre-service courses,
have a twofold benefit. The teachers can approach the study at their own level,
since challenges exist at any level of intellectual engagement when investiga-
tions begin. At the same time, they can consider how children might engage
with the minifield and how the various points of interest might be brought to
the attention of the children. Activities at both these levels have added value
when discussed with others. Questions such as the following might form the
agenda for a critical review of this experience.

About the educational value of studying a minifield

What science process skills can be practised in this study? What did you learn
yourself in terms of skills and concepts and what might children learn? What
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additional investigable questions can be raised from the observations? Does
the record made (map or description of findings) adequately represent what
was done and found? Was there sufficient evidence on which to base a reliable
conclusion? Was there sufficient challenge and interest to motivate activity to
answer questions? Is such a detailed study of a minifield capable of leading to
the grasp of the complexities of a community of living things? Does focusing
on a minifield distract from a more comprehensive view of an area or give sig-
nificance to features which might otherwise be missed?

About the organization of studying a minifield

Did you have everything you needed? In what way was it best to define the
boundary of the minifield and what would be the best size? Was the time allo-
cated for the activity sufficient? How long might children sustain work on the
area? What instructions beforehand would be necessary? What information
beforehand would be helpful?

About follow-up work

What can be done with the information obtained? How suitable is mapping the
area as a means of recording findings? What can be done with the records -
would it be useful to put them together to represent a larger area or to make
comparisons between one area and another?

Personal experience of the challenge of investigation and of the sub-
sequent discussion helps teachers to gain confidence in planning learning
activities for children. The activities can also be more carefully targeted for
different groups of children. The youngest children (up to 7 or 8) might for
example best take a hoop to define their areas, throwing it down almost
anywhere and then counting the flowers caught in its area. They might be
asked whether all the flowers look the same. The question then turns 1o how
many different kinds there are, leading the children to look more closely at the
distinguishing features of plants. In doing so they will find small creatures
crawling underneath, making the whole place one of interest and discovery.

Small children have difficulty confining their attention to the area within
their hoop, but this does not matter because the purpose is for the children to
observe carefully, to distinguish between living things and to begin to realize
the variety of living things in even a small area.

Older children can be more systematic, listing what they find in their
minifield and finding which is the most frequently occurring and how this one
seems to dominate. This is an introduction to the study of a community where
concepts of competition, dominance and interdependence can be formed.

Useful extensions of minifield work include establishing some character-
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istics of a particular woodland or of a meadow, or a moor, and finding out how
seasonal differences influence a particular area, which may be represented by
one or more minifields. In respect to the former, data from a number of mini-
fields studied by different groups within these areas can be combined to reveal
the general and common characteristics. This adds importance to accurate
description, mapping and the collection of samples. As for the latter extension,
the observations need to be made in the same minifields at different times of
the year and the records have to be accurate enough for reliable comparisons
to be made later. Children will then learn not only about the seasonal changes
but also the skills of accurate observation and recording.

MORE WORK IN THE LIVING ENVIRONMENT

The principles of what has been discussed for working with minifields apply
equally to other activities described in ‘Children and their Environment’.
Using basically the same techniques, these other activities lead to more com-
prehensive results and more widely applicable concepts and generalizations.

In the exercise ‘A Biofield in Layers’ (page 205) several groups choose the
same area for study but each group confines itself o a definite layer or level
above (and if appropriate) below the ground.

‘Working on a Transect’ (page 206) takes a step beyond the close com-
munity of living things in a minifield. A transect cuts a narrow path across a
larger area. It is usually marked out by string between two points which are
anything from 2 to 5 metres apart. It is most interesting if the transect cuts
across one or more transitions in the vegetation. The idea is to investigate a
narrow strip of ground, some 20 cm wide along the string, rather as if it were a
long, narrow minifield. Because of its shape there is more variation along it
and the changes in vegetation can often be related to visible conditions such as
the composition of the soil, the exposure to wind or sunshine, the slope of the
land, or the influence of humans in passing over it or cultivating it.

The concepts of ‘vegetation’ and ‘flora and fauna’ are rather abstract and
begin to have meaning through a number of experiences in the field. Vegeta-
tion is more than the plant cover of an area. It gives the landscape (or elements
of a landscape such as an embankment, the verge of a lane or the edge of a
pond) its own colour and character. It is influenced by the prevailing physical
conditions and by the activities of creatures living in it. Studying a transect in
relation to certain questions which lead children to think about the things
which are there and which influence them will help children towards the
more abstract concepts. Examples of such questions are given on pages 208
and 209 but every transect will call for its own specific questions. It is a good
idea to practise adapting these questions to suit the particular area being stu-
died during a preparatory survey of the ground.
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Questions used in field-work are of a special nature: they do not call for
immediate answers; they call for a response which is in terms of doing — look-
ing, probing, comparing and thinking (cf. action questions, page 97). What
will be expressed in words as ‘answers’ depends entirely on the quality of the
actions. Most likely questions, even if they are answered by doing something,
also act as triggers for more questions, either in the field or later when the work
is continued in the classroom (see pages 100-2).

NAMING NAMES

Teachers may fear undertaking field studies because they realize that they are
not familiar with the names of the plants and animals which will be encoun-
tered. It is a mistake to think that knowing names is a requirement for studying
living things. Nothing could be less true for it is no handicap in handling real
living things.

Two points may help. First, one’s own everyday knowledge need not be
underestimated; it may be based on popular knowledge, unscientific and
patchy, but it is a start. It enables one to distinguish between trees, shrubs and
weeds. Everybody readily recognizes almost all species belonging to the largest
plant family - grass. Many are familiar with the common local names given to
plants and animals which are found in a particular spot. Second, adding a
descriptive adjective to a well-known general name works wonders in helping
communication.

One can observe what things are like, how they behave towards one
another, what their distinguishing features are and how they struggle for sur-
vival in their environment, but one cannot observe their name. So knowing
names is not ‘knowing’ the living things themselves. Nevertheless, it is worth-
while becoming familiar with the common names of the plants and animals
which occur frequently in the neighbourhood. This can be done gradually, by
asking people who know the names or by using an identification key or flora.
Children can use certain versions of these references so that they learn the
skills of ‘looking things up’. Although this can be fascinating and satisfying, it
must be remembered that naming plants and animals is only relevant in rela-
tion to communicating with other people, not in relation to communicating
with the plant or animal itself.
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Chapter 10

Assessment as part of teaching

Introduction

This chapter, the first of two on assessment, is mainly concerned with informal
assessment, an essential part of teaching (Chapter 11 deals with formal assess-
ment, tests and examinations, important because they frequently dominate the
curriculum).

First, however, there are some introductory points about assessment in
general and assessment in science in particular.

We begin with the following definition of assessment: ‘Assessment is a
process of gathering information in which the actual evidence of performance
is replaced by something which signifies a judgement of it. In the process of
assessment some attempt is made to apply a standard or criterion to the infor-
mation.’

There are three points to make about this definition. First, it draws atten-
tion to the existence of a wide range of ways of gathering information about
children’s performance. Testing is just one of the possible ways, but there are
many others. Thus assessment does not mean testing; testing is just one way of
carrying out assessment. Second, in assessment the actual performance (the
piece of work or what a child said or did) is replaced by something which indi-
cates a judgement on it. This ‘something’ might be a mark, a comment, a
grade or even a smile or a frown. Only what replaced it then exists and necess-
arily some of the information in the original performance is lost. In contrast, if the
actual performance could be preserved (the piece of work, or a video recording
of what children did and said) then the whole information is retained.
However, we have to allow assessment to replace the actual performance for
obvious practical reasons. Third, the standards or criteria used as a basis for
making the judgement can be of different kinds leading to assessment which is
norm-referenced — where the standard of judgement is what the average child
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can do; or criterion-referenced — where the judgement is in terms of whether
what a child does meets certain criteria, irrespective of how others perform; or
child-referenced — where the judgement is based on expectations of the indivi-
dual child.

Child-referenced assessment enables a teacher to reward signs of progress
whether or not the pupil is behind others or meets certain performance crite-
ria. It has an important role in feedback to the pupil. However, it cannot be
used where pupils are being compared with each other or where decisions are
being made about where children are in progress towards common goals.
Norm-referenced assessment is not the best choice in these circumstances
because it does not give information about what children can or cannot do.
Where this is required, criterion-referencing is most helpful.

Purposes of assessment

Children are assessed at various times for different reasons. The purposes fall
into three main categories, although these can be sub-divided: (a) diagnostic
(sometimes called ‘formative’) — for identifying problems and points of prog-
ress so that appropriate next steps may be planned; (b) summarizing achieve-
ment (summative) - for reporting formally on what pupils have achieved at
certain stages of schooling (such as end of year or end of the primary phase);
and (c) monitoring standards of the school - for enabling evaluation of some
parts of the work of the school or of schools in a region. The first of these pur-
poses is the subject of this chapter and the second of the next. Assessment for
evaluative purposes does not affect the individual child and will not be dis-
cussed further.

The importance of assessment as part of teaching

The need to find out children’s ideas, skills and attitudes follows from the view
of learning which underpins this book (see Chapter 1) and which can be
summed up by the old adage ‘start from where the child is’. Another way of
expressing the same idea is in terms of ‘matching’, that is, providing expe-
riences for children which present just the right amount of challenge.

There has to be the right mixture of the familiar and the novel, the right match to
the stage of learning the child has reached. If the material is too familiar or the
learning skills too easy, children will become inattentive and bored. If too great
maturity is demanded of them, they fall back on half-remembered formulae and
become concerned only to give the reply the teacher wants. Children can think
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and form concepts, so long as they work at their own level, and are not made to feel
that they are failures.!

Some further good reasons for ‘matching’ can be added to those given in this
quotation. First, that theories of learning (including those of Piaget, Bruner
and Ausubel) suggest that if a new experience is too far beyond the reach of a
child’s present ideas then the child not only fails to make sense of it but also
misses a chance of advancing his or her ways of thinking. Second, arguments
in favour of matching come from considering what happens in its absence.
When there is frequent mismatching, children don’t learn what is intended
but they do learn that school is either boring or bewildering, a place where
they can never seem to do what is expected of them. This sets up a vicious cir-
cle where failure is expected and children may develop negative attitudes. The
reverse can happen when activities are matched to children’s ideas and skills.
Then the children can make sense of their experiences and gain pleasure from
extending their skills and understanding. Positive attitudes to both self and
school are then more likely to be formed, supporting further learning.

Common objectives and individual routes in learning

Misgivings are often expressed about the practicality of ‘starting from where
the child is’, particularly when it is agreed that there are common objectives
for all children. Does it mean that each child has to be treated individually?
This seems impossible. How can we reconcile the need to move towards the
objectives of learning (sometimes expressed in a mandatory curriculum) with
the idea of taking children’s ideas as a starting-point?

Objectives which are expressed as what is to be achieved at the end of a
year or phase of schooling present no real conflict. They do not suggest what
has to be reached in each lesson and so can be regarded as ‘staging posts’ on a
journey. They are fairly widely spaced locations (represented by asterisks in
the diagram below) and do not determine the path from one to another. They
indicate the direction in which to travel but not the route.

1. United Kingdom, Department of Education and Science, Central Advisory Council for
Education (England), Children and their Primary Schools: A Report of the Central
Aduvisory Council for Education (England),Vol. 1: The Report, p. 196, para. 533, London,
HMSO, 1967.
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A child’s route from one point to the next will be far from linear; indeed, it
may not always appear to be in the direction of intended progress:

Each child’s route can be different but still lead in the direction of progression
towards later objectives in development of concepts and skills.

When new children are received by a teacher, or a new topic started, the
children may be at a range of different positions, A, B, C, etc. From each of
these starting-points the teacher can begin from where the child is and help
the child make his or her way in the direction of progress:

The teacher uses assessment as part of teaching to find where children are to
begin with and to monitor the route they are taking.

This model describes how children make their own way in the general
direction of progress. Because each child does this in an individual way
(because each is an individual with unique prior experience and ways of think-
ing) does not mean that each child has to have an individually tailored set of
activities. Children will make different sense of the same activities and their
ideas and skills should be constantly monitored. The teacher who has informa-
tion about the varying points of progress of the children will adjust the help
given to and the demands made on individual children accordingly.

Assessing children’s ideas
and concepts as part of teaching

The sources of information about children’s performance are their actions
(what they do or say) or the products of their work (what they write, draw, make
or set up). Both sources give relevant information about children’s ideas but
the products give a more permanent form of information, which can be consi-
dered some time after their creation, whereas actions have to be assessed on
the spot.
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Products are more appropriate for the assessment of children’s concepts
than for process skills and attitudes. However, both products and actions can
and should wherever possible be used in assessment of all aspects of develop-
ment, since it is not difficult to realize that either source alone is insufficient.
For example, it is not always possible to be sure from what children do
whether their action had the purpose we might ascribe to it, but this could per-
haps be checked from a written account. Similarly, what a child may write or
draw can be open to various interpretations and it is often not possible to be
sure what is meant without talking to the child about the product.

The key to gaining useful information about children’s ideas from the
products of their work is to set the tasks with this in mind. The task should give
an open-ended invitation to express what the child thinks is happening, for
example these drawings produced by a child aged 8 and one aged 10 when the
class were studying some incubating hen’s eggs. The teacher asked the chil-
dren to draw what the children thought the inside of the egg would look like if
they could see inside. There is a great deal about these children’s different
ideas about growth and development which can be inferred from these draw-
ings. Both, however, realize that the young inside is a chicken and so have the
idea of a life-cycle.

faet
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Another eight-year-old wrote her ideas as follows:

' Mareh
IF T Could sec bh‘aujl\ or eyr shed

g L:’c:; W b Vi a very Wetle yeite,

(If I could see through an egg shell it would look like a very little yellow chick.)
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Asking children to make predictions about what they think will happen in an
investigation when they are setting it up is a useful way of revealing their ideas.
In the next examples, children were studying the evaporation of water. This
ten-year-old hung up some ‘washing’ to dry on a clothes-line and predicted:

U"’L"5 : (I think that the water will run
1 \',\_t LT | PR R | ) to the bottom and will drop on
\r:\:m ‘;ﬁ . the floor until it dries.)
%"‘ en t wnl !
n -3

Children can also be challenged to use their ideas to say how a particular
change can be brought about. When asked if they thought you could make
water evaporate more quickly, one reply was: ‘I think you can if you boil it to
steam, it will go faster.’

Other children replied that you could not make it go any faster, indicating
that they had little grasp of the cause of evaporation but just thought it hap-
pened ‘naturally’. Similarly revealing are answers to how you could slow down
the evaporation: ‘By putting a piece of glass covering it and it will last longer
because it can’t get out.’

This technique can readily be applied to almost any event children are
studying as the following examples show. Ideas about friction, when studying
how much force it takes to pull one surface over another: ‘What could you do
to make it easier/more difficult to pull it across?’ Ideas about the pit¢h of sound
when blowing across bottles filled to different levels with water: ‘How could
you make a lower/higher sound?’ Ideas about what makes things float: ‘How
can you make a floating object sink, or a sinking object float?’ Ideas about cur-
rent in a simple circuit: ‘How could you make the bulb light more/less
brightly?’

Thus, in summary, there is a range of questions which the teacher can ask
which lead to children either expressing their ideas explicitly or implying
ideas in the predictions or suggestions they make. The general forms of these
questions are as follows. What do you think is happening when . . . ? How do
you think . . . works? How do you think . . . happens? What do you think will
happen if . . . ? Could we make . . . happen more quickly/slowly, more/less
easily? How do you think we could make . . . happen? In all cases the questions
are part of normal activities and not posed as ‘tests’. Children learn a great deal
from these challenges and even from the necessity of expressing their ideas
either in words or drawings.
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USING CONCEPT MAPS

Another technique for gaining access to children’s ideas is through asking
them to draw concept maps.

A concept map is a schematic relationship between concepts. Take, for
example, the two words ‘flower’ and ‘petals’. These two words can be related to
each other by the use of a linking word or phrase:

1 has

The arrow indicates the direction of the relationship - flower has petals, not
petals has flower.

When several propositions indicated in this way are linked together the
result is a concept map.

Maps drawn by children can be analysed to give information about the
ideas the children have about relationships between things. The following
example was drawn by a six-year-old child using the words from the list on the
left (which had all become familiar from studying the growth of different
seeds).

seeds
root
leaf
stem
shoot
flower
potato
water
soil
sun
bean
mung
cress
air
petals
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Any relationships can, of course ve the basis for concept maps. Here is a
girl’s map about shapes:

shape
circle
sphere
square
cube
rectangle
cuboid
edge
triangle
prism
side
pyramid
pentagon
solid
plane
cylinder
face
corner
slide
roll
ramp
round
flat

It is a good idea to try drawing a concept map yourself if you have never
done so. Try making a map of the following words: hot, cold, temperature,
thermometer, air, candle, oven, burn, metal, plastic, insulation.

If you compare your map with that of others you will find that no two are
the same. This emphasizes the point that there are no ‘correct’ concept maps
but each says something about how the person thinks about the relationships.
You are probably aware that drawing the map makes you think hard and this is
the same for children. They enjoy drawing concept maps and the result pro-
vides the opportunity for the informal assessment of their understanding in a
particular topic.

One use of concept maps is to ask children to draw one of the words relat-
ing to a topic which is about to be started. Looking at the connections they
make can give the teacher information about what they already know and
assists in planning activities. Concept maps can also be used at the end of a
topic to show what ideas the children have after relevant activities. Of course,
they can be used both before and after, indicating changes in the children’s
ideas.
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Assessing process skills and attitudes as part of teaching

Children’s ability to use process skills can sometimes be inferred from their
writing or oral descriptions of their investigations. However, their writing
rarely includes details of how they carried out the investigation and ofien
leaves much to be clarified. This example of a child’s description of investiga-
tions with a string telephone is typical of the ambiguous way primary children
express themselves: ‘We went into the corridor and took the string telephone
with us. We held the cup tightly and we spoke into the cup and we could hear
very clearly and when we bent we could not hear properly.’

It is not clear what ‘we bent’ means (round a corner or just letting the
string go slack?) and whether or not other factors were kept the same when the
‘bending’ was tried.

This ambiguity is avoided by observing what happens as the investigation
takes place. This need not mean watching intently everything a child does
(and worrying about what all the others are doing meanwhile!) for, with plan-
ning, the significant parts of an activity can be identified and selectively
observed. Moreover, if a teacher arrives at a group when a significant part of an
investigation has just been carried out, it can often be ‘replayed’ by asking the
children to show what they did: So all is not lost when unexpected occurrences
prevent a teacher from observing how a particular part of an investigation was
done.

To focus observation, it is helpful to have a check-list, which has to be as
much in the mind as on paper. Although the items in the examples here are
expressed in general terms, not specific to any particular content, they will not
necessarily all be relevant to every investigation. But the opportunity can be
taken, observing particular skills when they are being used.

It will not be possible in any one session to gather information about all
the children. It is best to select one group as the ‘target’ for assessment in a par-
ticular session. These children should remain unaware of being chosen and
the teacher should interact normally with all the children in the class. The
‘targeting’ means that the teacher will be observing this group with the items
of the check-list in mind, trying to record what is observed for the children in
the group as soon as possible after the event. The record may be a simple indi-
cation of ‘yes’ or ‘no’ for each item together with a note about the particular
activity being undertaken.

A SIMPLE CHECK-LIST FOR YOUNGER CHILDREN

This list focuses on the skills of observing, communicating and simple inter-
pretation, and includes some items relating to attitudes.
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. Was at least one relevant observation made (indicated by something said

or put on paper)?

Was something drawn or described clearly enough for it to be identified by
someone else?

Were differences between things or from one time to another noticed?
Was one thing compared with another?

Were questions asked about what they observed?

Were ideas suggested, perhaps in answer to their own questions?

Was some interpretation made of findings by associating one factor with
another?

Were perseverance and patience shown?

Were ideas shared with others?

. Were tasks shared co-operatively?

A CHECK-LIST FOR OBSERVING OLDER CHILDREN

P NN R W=
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,

Were relevant aspects of the phenomenon observed in the initial stages?
Was the problem understood?

Was the investigation set up so that one variable was changed at a time?
Was at least one variable controlled (for fairness)?

Was the variable to be measured or compared identified?

Were measurements made either in setting up the investigation or later?
Were measuring instruments used to the accuracy of the nearest division?
Was at least one relevant observation made?

Was an adequate set of observations/measurements made?

Were any simple instruments used to aid observation?

Were results recorded appropriately at the time?

Were patterns or regularities in the results noticed?

Were actions carried out in a useful sequence?

Were any results checked/repeated?

Were generalized and justified conclusions drawn?

Were hypotheses proposed to explain findings?

Were further investigable questions raised?

Were sources of error identified?

Was perseverance shown?

Were ideas shared with others?

Were others’ ideas acknowledged?

Were tasks shared co-operatively?

Since only a few children can be assessed in this way in any session, the
teacher should choose other children as ‘targets’ in later sessions. It does not
matter, for the purposes that we are concerned with in this chapter, thart the
assessment is made when children are working on different tasks and investi-
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gations. Over time, the teacher would observe all the children in several diffe-
rent activities and so would be able to judge the extent to which the skills were
being used generally or only for certain activities. In the latter case, this find-
ing would be important information about the children concerned and the
teacher would then be able to find out what it was about certain activities that
encouraged the children to use skills which they did not use in other sit-
uations. This is using the information diagnostically, as intended.

Planning for assessment

Several times we have made reference to the need to plan assessment as part of
activities. This is essential if it is to have the diagnostic, formative function
described here. It cannot be added as an afterthought.

When activities are planned and put into operation there are usually sev-
eral stages:

Outline planning of activities takes
place within the framework of the SCHOOL PROGRAMME
school programme which may in turn be —>
related to a national curriculum.

The teacher plans the class programme
first at a general level, where type of
topic and relationship between science @~ —> GENERAL PLANNING
and other areas of the curriculum are
planned.

Then there is specific planning of
starting-points and possible follow-up SPECIFIC PLANNING
activities when materials and other —
resources needed are specified.

The plan is then implemented. —> IMPLEMENTING

Including assessment as part of teaching is an important addition to this
series of planning steps. It requires planning for gathering information about
the children’s ideas, skills and attitudes as part of the specific planning and the
gathering of information part of the implementation. It also adds a further step
of reflection (aided by record-keeping), leading to feedback into earlier steps.

The process becomes cyclic as a result of the feedback and each time
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assessment is used to give information about any change in ideas it is also giv-
ing information which is an input into later activities.

SCHOOL PROGRAMME

REFLECTING
on assessment — —
of changein T — ~
children’s ideas ™~ GENERAL PLANNING
~ of topics suitable
\ for children and
\ overall programme
\
\
IMPLEMENTING — — —— —™— ~ \
activities for finding . SPECIFIC PLANNING
out, developing and assessing of details of starting-
ideas, skills and attitudes points and materials

for activities;
of assessing development
in ideas, skills and attitudes
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Chapter 11

Formal assessment of scientific concepts
and skills

Introduction

In this chapter we are considering the kind of assessment which was described
as ‘summative’ on page 112. In contrast with the assessment considered in the
last chapter, it is formal and takes place at intervals, not all the time.

Such assessment may be used to determine pupils’ progress from class to
class, for selection purposes or for reporting on achievements. Sometimes it is
based on a test set within the school, sometimes on an externally set exam-
ination.

In all these cases the result is seen to be important for the children and
often for the reputation of the school. This high profile ensures that the nature
and content of the test has a weighty influence on the curriculum.

In practice this means that what is assessed is what is taught. However
valuable other objectives may be seen to be in theory, if children are assessed
mainly on the facts they can recall, then in practice in the main they will be
taught facts.

The burden on developing tests which assess the full range of objectives is
therefore clear. If process-based activities are to flourish and if children are to
develop understanding and not just factual recall, then processes and under-
standing must be assessed.

As we have secen in the last chapter, this assessment is best carried out
through a combination of observing practical work and analysing the products
of children’s work. However, it is not realistic to suppose that practical work
can be included in formal assessment, where many children have to be tested
at the same time under comparable conditions. In practice it is recognized that
the assessment for formal purposes will be in the form of written tests for some
time to come.

Much can be done, however, to produce test questions which assess pro-
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cess skills and understanding. The use of these by teachers and test developers
will encourage active learning rather than perpetuating rote learning,.

Questions which test understanding of scientific concepts

The factor which makes the essential difference between assessing under-
standing and assessing recall is that in the former ideas have to be used not
merely stated.

Contrast the following two questions, both related to ideas about dis-
solving:

David and John put equal amounts of
dry sand, soil, grit and salt in four
funnels.

They wanted to find out how much
water each one would soak up. So they
poured 100 ml of water into each one.

This worked all right untit they came
to the salt. When they poured the water
in almost all the sait disappeared.

Which of these dissolves in water?
sand (@] Soil Sand Grit Salt

salt O \>
cement @] 4
O

chalk

Why do you think the salt disappeared
but the other solids did not?
| think this might be because . . . .

The question on the left can be answered by recalling the fact that salt dis-
solves, but the meaning of ‘dissolve’ does not have to be understood. To
answer the question on the right, it is still necessary to know that salt dissolves
but, in addition, this fact has to be applied in a way which involves understand-
ing of the meaning of dissolve. Because the word ‘dissolve’ is not used in the
question the child has to connect it to the event described.
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Look at the following examples and decide which assess recall only and
which assess understanding through application.

Chaffinch Swan Eagle

1. The beaks are different to make
the birds easily recognized ]

2. There is no reason for the
difference, it just happens ]

3. The beaks are different because
the birds eat different foods [

(a) Which two of these would you
expect to eat the same kind of
food?

(b) Why do you think they might eat the
same kind of food?

Because . . . .............

How fast do snails go?

To find this out John and Pamela put four
snails down next to each other and marked
their trails.

They put a cross (x) where each snail had
reached after 30 seconds.

”70;
The SPEED of a moving object

o
ﬂy means:
how far it goes

Ao m‘“ < how much force it has

0, how long it goes on moving

2 how far it goes in a certain time
X none of these

O00O0O0

(a) Which snail went fastest?

(b) If snail C went on at the same speed for
another 15 seconds how far would it go
beyond x?
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To create questions that test understanding it is useful to think in terms of
some general types of problems that can be set and then to translate these into
questions relating to the concepts which are to be tested.

Some useful general types of question can be described in terms of the
tasks they set for the children: to put given events (presented out of order) into
a sequence using a scientific concept; to describe a relationship between given
things in terms of a scientific concept; to give (or select) an explanation of the
event which is described using a scientific concept; to make (or select) a pred-
iction about a given situation using a scientific concept; and to make (or select)
a prediction and give a reason for it.

Study the examples which follow and try to identify each in terms of these
general types.

These are all stages in the life of
a frog, but they are jumbled up.

A B

—8 =

Write the letters of the pictures
in the order in which they
happen
................... A food chain shows how different living things
depend on each other for food. The sign B «— A
means that B eats A.

Below are listed five food chains but one is not
possible.

Tick in the box next to the food chain which is
not possible.

[ STOAT «— RABBIT <+~ GRASS

[0 OWL <= THRUSH <+— CATERPILLAR <— MUSHROOM
[0 FROG <+ LADYBIRD «— GREENFLY

[J BLACKBIRD +— BUTTERFLY <— PANSY «— MOSQUITO

O MAN +— PIKE +— PERCH «+— MINNOW <+— WATER FLEA
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(a) The dotted line shows where the
surface of the water is in this
watering can.

Draw a line to show where the surface
is in the spout.

(b) The watering can is tipped so that
the water just begins to drip through
the spout.

O\/'—z

Draw a line to show where the surface
of the water is now.

A B

Thes is Mickys truek] He wound it up.

- =R _m%a___

e D

It moved along - .|........

R ~ =T R -~ -

and ther slopped

(a) When did Micky's truck have the
most energy?
Tick in the box next to the one you
choose.
O A Before it was wound up
1 B After it had been wound up
[0 C When it was moving along
[0 D When it had stopped
O Same all the time

(b) Give the reason for choosing the
one you did.
Because. . ..............
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In some of these drawings the wires are connected so that the
bulb will tight up when the switch is pressed. Put a tick under all
the drawings where you think the bulb will light up.

Suitch

Switch
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Now try creating one question of each type which would test the following
ideas. Choose the type which seems best suited to the idea. You may want to
create more than one question for each idea.

« Air fills the space around us.

¢ The moon circles the Earth, reflecting light from the sun.

¢ When an object is not moving, the forces acting on it are equal and oppo-
site.

» Friction is a force which commonly opposed motion.

* Sounds are produced by vibrating objects and can travel through mate-
rials.

Assessing science process skills

Some effective questions can be created for assessing some process skills on
paper. For the reasons given in the introduction, it is important for process
skills to be represented in tests if they are objectives of the curriculum.
However, it must be acknowledged that not all process skills can be assessed in
written questions and some can be only partially covered. In particular it is not
possible to include designing and making and manipulating materials and
equipment since these must involve practical work. Nor is it valid to attempt to
assess attitudes on paper. These limitations must be borne in mind when con-
sidering the following.

The key factor in assessing process skills is to create a situation in which
the pupil has to use (not describe or recognize) the process skill involved.

Study the following series of questions about shadows.

Some children made a ‘sundial’ using a stick pushed through a large sheet
of paper, like this:

129



Formal assessment of scientific concepts and skills

330am.
They set it up outside on a 10am
sunny day and marked the shadows
on the paper at different times of the day.
A. Measure the shadow length from the drawing here and write
the time and length in this table:
Time of day Length of shadow in cm
12 noon
9.30 a.m. 11.2
lpm,
2pm,
Ipm.

B. At 4 p.m. it was cloudy, so there was no shadow. Draw in on
the drawing the shadow for 4 p.m. as you think it would
have been.

C. Write down how you decided where and how to draw the
shadow.
................................ Spm

This series of questions assesses different process skills but makes use of
the same context. Question A requires children to measure the lines on the
drawing on their page. It also involves them in using a table for communicating
their results. Question B asks the children to make a prediction and question C
requires them to identify the patterns and relationships which can be seen in
the lengths of line in the drawing. Note that these things can all be done with-
out knowing about shadows and indeed even having done such an activity
before would not be of much help in answering these questions.

Some of the guidelines for creating process-based questions are exempli-
fied here: describe a situation which is familiar to the children but in which
the details are unique; give a task which can only be attempted by using a pro-
cess skill and avoid problems where the answer could be provided by recall.

As in the case of assessing understanding of concepts it is useful to think of
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general types of question which can be used for each process skill. The
descriptions of these types can be readily derived from the process skill indica-
tors (see pages 51-4) since these were expressed in terms of what children
would be doing when using the process skills. The selection has to be made
keeping in mind what can be done in the context of a written task.

General types of question for each skill are given on the following pages,
followed by some examples.

Try to match the examples to the types of question and then create more
questions for each process skill.

OBSERVING

Types of task:
+ 1o use the senses to gather information;
¢ to find similarities and differences between objects;
» to match objects to a given description.

Spider Crane-fly

Look at the drawings of a spider and a crane-fly.

Find three ways in which you can tell from the drawings
that they are the same as each other and three ways in
which they are different from each other.

Same Different
3 )
2. 2
3 3
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Plant 1 Plant 2 Plant 3

In this question you have to use the PLANT KEY below to help you find
the names of these three plants. This is how you use the key.

Start with Plant 1 and the question at the top of the key. Answer this
question and then follow the arrow from your answer to the next
question.

Foliow the arrows until you come to the name of Plant 1.

Write its name at (a).

Now do the same for Plants 2 and 3.

Remember to start at the top of the key for each plant.

(@) Plant Lis ... ... i e e
(B) Plant 2 is. . ... e e
(C) Plant 3is. ... e

PLANT KEY Seeds packed tightly together

round the stem

YES E
/

Long hairs coming Seeds in small groups
from each seed up the sides of the stem

YES [ NO YES { NO

.
/ WHEAT /
Seeds attached to stem

Hairs on seed very Groups of seeds
much longer than the attached on short
length of a seed stalks to stem
YES | NO ' YES | NO
BARLEY RYE DUNE RYE
FESCUE GRASS

by long thin stalk

|

YES
OATS
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RAISING QUESTIONS

This is difficult to assess on paper and there is really only one type of task:
¢ to suggest questions about a given situation which can be answered by

investigation.
Sam put a drop of black ink on a piece Pete and Jo built some walls out of
of blotting paper and then a few drops blocks of wood. The ‘bricks’ were
of water. The ink separated into arranged in different patterns in the two
different colours. walls.
‘White blotting paper
Ink blot . -

Drop smai drops of water
1010 the centre of the blot
using 8 dnnking straw

If you had different kinds of paper and
different colours of ink, what questions
could you investigate? Suggest two
questions.

They tested them to see which was
stronger, like this:

What other questions about walls could
you investigate using the blocks and the
other things Pete and Jo had?

FINDING PATTERNS AND RELATIONSHIPS

Types of task:
+ to describe a pattern of relationship in given data;
* to check a possible relationship against given evidence;
 to distinguish between a conclusion based on evidence and an inference
that goes beyond it.
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When we cut across the trunk of a tree
we see growth rings.

This tree has
three growth

rings.

Pith
Bark

The trees below were planted at
different times in the same forest. The
drawings show the trees before they
were cut down and, underneath, the
growth rings seen after they were cut
down.

What do you notice about the heights of
the trees and the rings in the trunks?

Julian made a model bridge out of two
blocks of wood and a piece of card.

card /co'”“

——wooden
spen biock
He measured the span in cm and
counted the number of 2p coins the
bridge could support. Here are his
results:

) Number of
Span in cm 2p coins
10 5
18 1
12 4
16 2
14 3

(a) What pattern do you notice between
the span and the number of 2p
coins the bridge could support?

The pattern | noticeis ............

(b) How many 2p coins do you think
the bridge would support when the
span is 8 cm?
| think the bridge would support . .
. . 2p coins.

looking at the picture.

oooaoono

Look at this picture of an apple tree in a field.

Read the statements below.
Tick the one which you can be most sure is true just by

The wind has knocked some apples off the tree
There are apples on the ground and on the tree
The apples on the tree are ready for picking
The apples on the ground are bad

The tree could not hold all its apples
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HYPOTHESIZING

In this case the skill involves using concepts and previous knowledge, and so
there is some overlap with types of question which assess understanding. Here
we give attention to types which emphasize the speculative aspect of hypothe-

sizing.
Types of task:

 to explain a given observation in terms of a concept;
* to give more than one possible explanation of an event.

David’s garden slopes down to the
village playing field. Some of the trees
in the playing field have branches which
overhang his garden.

David noticed that the rose bushes
growing underneath these branches
were much taller than the rose bushes
growing at the top of the garden.

David is puzzled. Can you suggest two
reasons why the rose bushes might
grow taller underneath the trees.

Walking along this footpath Thomas
noticed that there was ivy growing on
the trees but only round three-quarters
of the trunk. None of the trees had ivy
growing on the side nearest to the path.

Think of two different reasons why the
ivy might grow only on some sides of
the trees. Write the first at (a) and the
second at (b).
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John washed four handkerchiefs and hung

them up in different places to dry. He wanted

to see if the places made any difference to how

quickly they dried.

(a) In which of these places do you think the
handkerchief would dry quickest? Tick one

of these:

O In the corridor where it was cool and
sheltered

O In a warm room by a closed window

O In a warm room by an open window

O In a cool room by an open window

03 All the same

(b) What is your reason for ticking this one?

Two blocks of ice the same size as each other
were taken out of the freezer at the same time.
One was left in a block and the other was
crushed up.

— =
== S

It was noticed that the crushed ice melted
more quickly than the block.

Why do you think this was?

| think it was because ....................

DEVISING AND PLANNING INVESTIGATIONS

Types of task:
+ to describe how to carry out a whole investigation of a given problem;

136



Formal assessment of scientific concepts and skills

to identify the variables which have to be changed and those which have

to be controlled in carrying out a given investigation;

to identify what is to be measured or compared in a given investigation;
to say how the results of a given investigation can be used to solve the ori-

ginal problem.

4 litres of water
2 lemons

Michael made some lemonade using
this recipe:
this was true.

recipe?
500 g of sugar p

5 g of dried yeast /48

Then someone told him that the
fizziness depends on the amount of
sugar you put in,

When Michael next made some
lemonade he wanted to test whether

(a) What should he change in the

Suppose you are going to make a chopping board to use for

cutting bread or chopping vegetables or meat.

You have to decide which is the best kind of wood to use.
You have blocks of four different kinds of wood (A, B, C, D)
and you can use any of the things in the picture below to do

some tests on them. (You don't have to use all the things.)

What would you do to:

Test the blocks to find out which kind of wood is best for making a chopping board.

Lo A=) -
Butter@ & Water (2
0 P
;t;lel %nik Dropper

A
o A
Felt-tip pen L] " ///
. . Hammer
Drawing-pins
Nails

Make sure you say: « which things you would use
« what you would do
* how you would find out the result.
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PREDICTING

Types of task:
* to use evidence as a basis for saying what might happen (not by guessing)
in cases where evidence has not been gathered;
+ to make a prediction and explain how it was arrived at.

Planets

Planets LT~ ./"",/
move - —— . N

round o T . >~ N
the sun ,‘.- ( _ sqp‘ ’ '.) y ‘- \ ’/\\

Look at the following table:

Planet Distance from the sun Time for one trip round the sun
Mercury 58 million km 88 days

Venus 108 million km 225 days

Earth 150 million km 1 year

Jupiter 780 million km 12 years

Uranus 2,870 million km 84 years

Neptune 4,500 million km 165 years

(a) There is another planet not in this table. It is about 1,430 million km
from the sun.
About how long do you think it will take this planet to make one trip
round the sun?
Tick in the box next to the one you choose:
[J 10 years
O 100 years
O 100 days
O 30years
O 300 days

(b) Why do you think it will take this time?
BOCAUSE . . ..ottt e e e
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In India, farmers often clear the forests to plant crops. At first they
get a heavy harvest, but this gets less year by year. Then they add
fertilizer, and the total weight of crops in the harvest improves,
because the fertilizer puts back in the soil some of the things plants
need to grow.

The bar graph below shows the yearly harvest in one area.

0

Harvest

25

1000 kg/
hectare)

20

o
1950l 1951 § 1952119531 19541 1985 | 19561 19571 1958l 1959} 1960l 1961 | 19621 1963] 1964l 1968l 1
Year of harvest

Draw on the graph what you think the harvest might have been in:
(a) 1967, with no fertilizer applied

(b) 1968, with no fertilizer applied

(c) 1969, with fertilizer applied

MEASURING AND CALCULATING

Types of task:
+ to measure in a given situation using appropriate units to a suitable degree
of accuracy;
¢ to compute results from raw data.

The times of high tide at a certain place at What time is there between the two tides
the seaside are: on Monday?
Mon. | Tues. | Wed. | Thurs.| Fri. What time is there between the morning
tide on Wednesday and the morning tide on
Morning 6.10 |7.00 | 7.50 |8.40 Thursday?
Afternoon | 18.35| 19.251 20.15| 21.05 Write in the table what the times of the two
tides will be on Friday.
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' [ gl
\ 1
U
N 1Y
Y K<l

If each square is 1 cm x
1 cm, what is the area of
this leaf?

This shows the plan of a netball Fill in the number of paces for these other

court. The distances along two sides points:

are marked out in paces.
(a) Starting from H you reach the centre

e > <
" { spot P by going
.. i ]
Aces ) | ] ] D paces — and D paces |
. // (b) Starting from H you reach goal-post 2
2 1 I~
M G 117 Je by going
T o W L3 e i TN i EX)
Pacas
[ paces —and [ paces |
If you start from the corner at H, (c) Starting from H you reach F by going
you can reach the point B by going
8 paces — and 12 paces . D paces — and D paces |

COMMUNICATING EFFECTIVELY

Types of task:
* to put given results into the form of charts, graphs, tables, etc.;

* to read information given in the form of charts, graphs, tables, etc.;
» to decide the best way of presenting information of a certain kind.
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Richard measured his bean plant
every week so that he could see how
fast it was growing.
He started (O weeks) when it was
just 5 cm high.
These were the heights for the
first 4 weeks:
O weeks: 5cm
1 week: 15 cm
2 weeks: 30 cm
3 weeks: 40 cm
4 weeks: 45 cm
Draw a graph to show how the
height changed with time.

Dep

surface

2

Some children measured a stream. They
called one side side A and the other side B.
They found out how wide the stream was.
They also found out how deep the water
was below the surface.

They made a graph with their resuilts.

tn

1

r
Distance from side A (metres)

Use the graph to help you answer these

questions:

(a) How wide is the stream?

(b) How deep is the stream at the deepest
point shown?

(¢) How far from side A would you need to
go to get a depth of 35 cm?
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To raise butterflies, you need their eggs and their food, and a cage to
keep them in. (The food must be fresh.)
There is some information about different kinds of butterflies

below.

Butterfly Food plant Egg colour How many Colour of Colour

days for eggs caterpillar of pupa

to hatch
Small tortoise- | Nettle Green, then 5 Black with Black, brown
shell black white flecks or green
Common blue Bird's-foot Pearl white 10-15 Green with Green

trefoil brown line
Swallow-tail Fennel Yellow, then 6 Black with Green then
brown white marks brown

Painted lady Spear thistle Pale green 7 Grey-black Grey or green
Camberwell Willow, sallow Red-brown 7 Black with red Brown
beauty blotches

Use the table to help you answer these questions:

(a) What is the food plant of the swallow-tail butterfly?

(b) Which butterfly’s eggs take the longest to hatch?

(c) One butterfly lays red-brown eggs. The colour of its pupa is
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Chapter 12

Evaluating learning opportunities
in science for all pupils

Introduction

Teaching is an activity in which aspirations can never be fully achieved; there
is always room for improvement. Without inducing a sense of failure, we must
admit that none of us is perfect. Recognizing this, most teachers look for ways
in which they can improve the help they give to children’s learning.

Often there is a general ‘feel’ for whether things are going well, whether
children are responding in the way hoped and whether they are learning. But
to take action aimed at improving learning opportunities for the children
requires a teacher to be more specific and to look at particular aspects of the
classroom provision and interactions in a diagnostic way.

This chapter provides a means of self-evaluation which teachers can use at
those points when they ask themselves ‘how good a job am I doing?’ It presents
three check-lists relating to the children’s activities, the children’s way of
engaging with the activities, and the teacher’s actions and interactions with
the children.

One of the concerns of teachers must be to ensure that as far as possible all
children benefit from the learning activities which the classroom provides.
Generally there will be some children who are clearly benefiting and this is
satisfying for them and for the teacher. But are ail children gaining as much as
they could from the science activities? In particular, are the girls as active and
questioning as the boys? Are there children who avoid certain kinds of activity,
for cultural or religious reasons? What about children whose first language is
not the language of the classroom? What about those with learning difficulties?

All children have the right of access to learning in science and the aim
(inevitably unattainable in full) is to provide learning experiences which chal-
lenge and provide some success for all. T'eachers can be helped by being aware
of some of the known problem areas. Girls commonly under-achieve in
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science, particularly physical science, because of the male domination of the
subject and the tendency to cater for boys’ interests in the kinds of activities
provided. Different religious groups have different interpretations of certain
topics in science. Children from ethnic minorities may feel excluded when it
is assumed that the conventions of the majority are the ‘norm’ in studying top-
ics such as food, clothing, health and energy sources. Children with language
difficulties can be helped by providing a greater range of practical experiences
so that they understand directly the meaning of words and develop an appro-
priate vocabulary more rapidly than through the usual mixture of practical
activity and discussion. Children with learning difficulties require tasks struc-
tured and paced according to their needs. They can be given access to scien-
tific ideas and skills at levels which are satisfying to them and help in their
understanding of the world around.

The process of evaluation

Evaluation is the process of gathering information and making some judge-
ments or decisions about it. In order to make the judgements or decisions,
there have to be some standards or criteria with which the information is com-
pared. So, for example, in deciding whether a car is roadworthy, there is a
check-list of information which has to be gathered about its condition and per-
formance, and there are criteria for deciding whether it reaches the standard
required. Evaluation is not as clear-cut as this example may imply. We only
have to think of evaluating things such as the performance of actors, or books
or pieces of music, to realize that the ‘value’ which the word contains plays an
important part in the process.

So it is necessary to guard against thinking that an evaluation has any
absolute meaning; it is always dependent on the criteria used. It is, for
instance, quite possible for a lesson to be judged successful if one set of criteria
is used (perhaps about how clearly the teacher presented information to the
class) but less so if a different set is used (perhaps about how active the pupils
were in learning). This does not mean that evaluation is not useful; it simply
means that we should be clear about the basis on which any judgement or deci-
sion is made.

The process of gathering information about teaching and considering it
against criteria which reflect our values and objectives should be a central con-
cern of teachers. It is certainly essential if improvements are to be made and
the whole point is, of course, to make improvements, not simply to pass judge-
ments. Thus the criteria used will reflect this purpose and the result of the
evaluation will be that some action is taken to improve future teaching.

Given this purpose and the crucial part which the criteria play in it, the
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best way of evaluating aspects of teaching is for teachers themselves to draw up
a list of what they consider to be the ‘ideal’ characteristics. If there is the
chance to do this, in a group with others, it is best done before reading the lists
below.

Evaluating activities

Whether or not you have drawn up your own list, it is useful to consider what
others have suggested as criteria for evaluating activities. The following list,
which has originated in the work of teachers, will be of interest in this context,
but should not be taken as having more weight than teachers’ own lists. Its use
is in reviewing activities which have been carried out and those which are
planned.

USING THE CRITERIA

In this case the criteria are expressed as questions which are asked about each
activity. They can be applied to actual events, in activities in progress, or in
thinking through possible activities in planning.
Does the activity:
» give the opportunity for children to apply and develop their ideas about
scientific concepts?
+ give the opportunity for children to use and develop science process skills?
» encourage scientific attitudes?
« engage the interests of the children and relate to their everyday expe-
rience?
+ appeal equally to boys and girls and to those of all cultural and religious
backgrounds?
« provide experience of learning through interaction with things around?
+ involve the use of simple and safe equipment and materials which are
familiar to the children?
* involve resources which are readily available and strategies accessible to
the teacher?
* involve children in working co-operatively and in combining their ideas?

TAKING ACTION

Clearly it is intended that the answers should be ‘yes’ to as many as possible of
these questions. That will not happen for every activity and, for some, certain
questions may not be relevant. However, where there are persistent negative
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judgements it is time to look more critically at the activities. Suggestions made
in Chapter 3, for changing activities and in Chapters 5 and 6 for the activities
which help in the development of concepts, skills and attitudes might well be
revisited. Most help of all may come from the activities suggested in Part Two
which exemplify in detail activities which meet the above criteria. These
might well be taken as a pattern for activities in other topics.

Evaluating children’s engagement with the activities

The concern here is with the interaction of children with the activities, not
with what they have learned, which we considered in Chapters 10 and 11. The
distinction is not all that easy to make, for the two are closely connected. What
we are looking for here, however, is whether the children are engaging in the
experiences and doing the things which give them an opportunity to develop
their ideas, skills and attitudes. Again, this list is an example for teachers to
compare with what they might produce for themselves.

USING THE CRITERIA

For this purpose, the questions are asked of activities which have already taken
place, over a period of time (perhaps a week or two). The idea is to reflect on
whether each of these has been noticed. The answer ‘yes’ should only be
accepted if there are specific examples to substantiate it.
Did the children:
» handle materials and show by action or words that they had made observa-
tions about them?
» talk to each other in small groups about the things they were observing or
investigating?
 ask questions which led to investigations?
+ ask questions which indicated their interest in the way they were working
or what they were finding out?
+ talk freely to the teacher about what they found and what they thought
about it?
« display their work and explain it to others?
» suggest ways of testing their ideas?
¢ discuss the meaning of words they or the teacher were using?
« consider a different view from their own and assess it on the basis of sound
argument or evidence?
» carry out an investigation which they had taken part in planning?
» express justified criticism of the way in which an investigation was carried
out?
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» follow any instructions given to them orally or in writing without diffi-
culty?

« make decisions for themselves about what to do?

» use equipment effectively and safely?

» measure something in setting up or finding results from an investigation?

* make a prediction based on their own ideas or findings?

« link observations in one situation to a relevant previous experience?

« show in some way that they were absorbed in their work and that it was
important to them?

 use sources of information to answer factual questions?

TAKING ACTION

Whilst a ‘yes’ answer to these questions is desirable, there will clearly be sit-
uations and constraints which sometimes make such an answer impossible.
Teachers will know, for example, whether it was the constraint of space and
resources which meant that children did not have a chance to measure or use
equipment. However, even in cases where there were constraints, the environ-
ment itself provides opportunities for scientific exploration, as suggested in
Chapter 9, and those with ingenuity will find such opportunities within the
classroom as well.

Many teachers will find that one of the greatest obstacles to providing
opportunities for ‘yes’ answers to the questions in this list will be class size.
The larger the class, the greater the noise of active learning. It just has to be
accepted that a class which is busy learning science cannot be a quiet class.
Learning science is not a matter of copying from the board or writing dictated
notes or learning from a textbook. It is a matter of investigating, using ideas,
sharing ideas, talking to and listening to others, and trying things out. There
will be times which are quiet, when children are reflecting on and writing or
drawing about what they have found. But the buzz of activity and discussion in
groups is a must at some time,

Management skills are at a premium in large classes and science will
stretch these skills. However, the teacher does not need to be in all places at
once if: (a) the children know what they are doing (this doesn’t mean that they
are not thinking for themselves; their task can be to come up with ideas, with
questions, with plans for an investigation, to report to others); (b) the activity
has been structured so that the group members have well-defined roles; and (c)
routines are established in relation to collecting and replacing equipment.

If group work is regularly preceded and followed by whole-class dis-
cussion, with reports from groups (as suggested in Chapter 2, for instance),
then children will take seriously the accomplishment of their group tasks.
With very large classes, more time may have to be spent in whole-class dis-
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cussion, but there must be group work to provide first-hand experience to feed
this discussion.

The second massive obstacle to working in a way which meets these crite-
ria is time. Commonly there is resistance in practice to process-based active
learning because of the type of syllabus which teachers have to cover. Typi-
cally such syllabuses comprise a long list of specific content which children
have to know. Teachers feel that they have to ensure that children know each
element of this list and this is difficult because the very weight of the syllabus
means that there is no chance for understanding. Thus the purpose of the syl-
labus is defeated by its character.

A review of these syllabuses generally shows that there is potential for
accomplishing their real intentions in a way which is not as self-defeating as
the existing form. They can be reorganized into far fewer items which identify
the key concepts which it is important to learn with understanding because
they apply to life. By contrast, many of the multitude of separate facts which
are listed have no relationship to the children’s environment. Nothing is lost
in this reorganization, but much is gained in freeing the teacher to spend
much more time on the important, generally applicable ideas. Although this
adjustment is not something which individual teachers can do for themselves,
they may help national curriculum centres and professional associations to
take action.

Evaluating the teacher’s actions and interactions
with the children

The third list applies to the teacher’s thinking and behaviour. Considering the
activities in the same period of time as for the second list, teachers should ask
themselves whether they have:
» provided opportunity for children to explore/play/interact informally with
materials?
» encouraged children to ask questions?
+ asked the children open questions which invited them to talk about their
ideas?
« responded to questions by suggesting what the children might do to find
out rather than providing a direct answer?
» provided sources of information suitable for helping the children to find
out more about a topic?
» provided structured group tasks so that the children knew what they were
to do?
e asked for writing, drawings or other products in which the children
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expressed their ideas about why something happened or behaved in a cer-
tain way?
« provided opportunity for children to present ideas or to describe their
investigations to others?
» noticed children working well without help?
» kept silent and listened to the children talking?
* been aware of the children’s ideas about the materials, objects and events
being studied?
* become aware of changes in children’s ideas from ones previously held?
* made interpretations of the children’s written or other products in terms
of their ideas and skills?
» kept records of the children’s experience?
» assessed and kept records of the ideas and skills shown by the children?
» used the records of children’s experiences and progress in planning
further activities?
» talked to the children about the progress they are making in their learn-
ing?
¢ considered and guarded against bias in activities which may disadvantage
children on account of their gender, ethnic origin, religion, language or
physical disability?
The questions in this list are perhaps the most value-based of the three lists
given here. They imply a role for the teacher in learning which is quite diffe-
rent from the traditional role as source of information. This role is consistent
with the kind of learning which is the message of this book. We have to pre-
pare our children for a rapidly changing world where they need not only to be
able to apply present knowledge to new circumstances but to know how to
extend their knowledge.

Our children, therefore, need learning with understanding, which by defi-
nition is learning which can be applied appropriately and imaginatively. Chil-
dren learn with understanding when they take part in thinking things out for
themselves and have ownership of their learning. A teacher cannot give chil-
dren this learning by direct transmission, but the teaching role is none the less
central, active and guiding. It requires teachers to reveal the ideas and skills
children already have and to take these as the starting-points in active learn-
ing. The teacher has to help children to develop the process skills (as
described in Chapter 5) which will enable them to explore their environment
and test out ideas (their own and those of others) so they develop more sophis-
ticated and useful concepts and skills in the ways described in Chapter 6.

Part of the teacher’s role is to monitor children’s progress and to take
action where difficulties are being encountered and where challenges are too
small. Teachers know what learning they wish to bring about, but the children
are the only ones who can do the learning. They must remain in control so that
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the learning is truly their learning, and the skills and ideas which they develop
are ones they will use in their daily lives.

A habit of self-evaluation, such as might develop in the regular use of cri-
teria of the kind proposed here, will help teachers to reflect on their role in
children’s learning. It is particularly appropriate in the teaching of science,
constituting a scientific approach to the constant seeking for better ways of
teaching.

Using these criteria will also help us to remember, in a shrinking world,
that science is international and its development in the past has depended
upon contributions from many different cultures, and it will do so in the
future. In our teaching, and particularly in the written materials we provide,
we should reflect these contributions and avoid giving the impression that
science is the preserve of certain types of culture.
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Chapter 13

Classroom activities and
teacher education

Introduction

The next four chapters of this book comprise suggestions for activities which
exemplify the approach to teaching and learning which we have attempted to
describe and explain in Part One. Each chapter’s activities concern a partic-
ular topic:
¢ children and water;
¢ children and their environment;
» children and reflections; and
» children and balances.
Of course these do not cover all the areas of content with which primary
science is concerned (as proposed in Chapter 1, for example) but the purpose
here is not to provide a comprehensive guide to classroom work but rather to
exemplify in specific terms the things which children should do to help their
learning. The presentation of the activities is also designed to indicate an
effective way of encouraging children to engage in this doing. The four topics
have been chosen because:
« they cover a good deal of the core ideas;
* they are of interest to children everywhere and can be applied in almost
any conditions in any place in the world; and
¢ they require only simple and readily available materials.
The activities within the four topics have been used with children and with
teachers in training and they illustrate:
¢ how ideas and information can be gained by active inquiry, by ‘asking the
water, or . . . the balance, or . . . the mirror, etc.’;
* how process skills are used in this active inquiry; and
* how inquiry leads to more questions and more investigations, which in
turn advance ideas and skills, which lead on . .. and on . . . to more learn-
ing.
153



Classroom activities and teacher education

The activities in Chapters 14 to 17 have a dual purpose: in the classroom and in
the context of teacher education. In this brief introductory chapter we con-
sider their use in teacher education and point out some of the issues of practi-
cal teaching that are best addressed in the context of actual classroom activ-
ities, for example, the use of worksheets, the identification of opportunities for
developing certain process skills and the recognition of what anyone engaged
on scientific activity is doing, are most usefully discussed in terms of specific
examples.

What we are suggesting is that teachers and student teachers should work
through many of the same activities as proposed for children, for reasons
which go far beyond trying things out ‘to see that they work’. We now consider
the four most important of these reasons to be:

+ helping the understanding of the nature of scientific activity;

* helping the understanding of how children’s learning can be assisted;

» developing a deeper personal knowledge of science; and

+ developing ability to criticize, adapt, extend and create further activities

for children.

Such is the potential for learning in everyday things around us that the same
activities which provide for young children to make steps in their learning also
provide an opportunity for students and teachers to develop their ideas at a
much more advanced level.

UNDERSTANDING OF THE NATURE OF SCIENTIFIC ACTIVITY

In Chapter 1 we described the process of learning as being much the same for
adults as for children. There are differences in the components of the process,
of course. The experiences of adults are much wider than those of children,
the ideas they bring to bear in understanding new experiences are more
abstract and generalized and they also have the ability to stand back and reflect
upon the process of their learning. The important similarity lies in the way
existing ideas and new experiences lead to the development of ideas and in
how understanding results from working things out from one’s own expe-
rience.

In order for teachers to be able to provide fruitful learning experiences in
science for their pupils, they must recognize the nature of scientific activity.
This is not easy to describe in theory, but it is easy to recognize in action. Many
primary-school teachers will not have had experience of this in their own edu-
cation and this must be made good in their preparation for teaching. Doing
some science at their own level can start, however, from simple activities such
as can be undertaken by young children. The activities with the balance
(Chapter 17) provide a good example. The first few pages of the activities
invite children just to play with their balance and, whilst it is not proposed that
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student teachers go through these elementary steps, they may well begin by
investigating how the balance can be brought into equilibrium by putting dif-
ferent things on each side. The more precise observations which can be made
using the peg-board balance (page 266) lead to the identification of relation-
ships. Before long students or teachers are busy suggesting relationships, using
them to say what should put the balance in equilibrium and testing them out.
Whether or not they formulate the relationship in the formal way is unimpor-
tant. What is important is that they have found something out from the mate-
rials in front of them by manipulating, by doing and by thinking.

It is important for there to be experience of scientific activity in various
contexts (as, for example, in Chapter 2 as well as the topics in Chapters 14 to
17), particularly for those who have had little experience of learning this way
themselves. When they have been through these experiences, then they can
stand back and examine them, and understand what makes these scientific
activities. The experience of scientific activity is not enough; teachers must
know that this is what they experienced.

UNDERSTANDING HOW TO HELP CHILDREN LEARN

The personal experience by teachers of activities which children will be
undertaking can be the basis for discussing how children may tackle them and
what they may derive from them. The advantages and disadvantages of partic-
ular activities can be considered in these terms. This is only possible if teach-
ers and trainees have undertaken the same activities, including the thinking
and reasoning, the searching for evidence and the making of conclusions on
the basis of the evidence found.

Through their personal experience of the ideas and skills involved, they
can discuss what children at different points in development will need in terms
of support and encouragement from their teacher. Reflecting on how they felt
themselves as learners will prepare them for what a teacher needs to do to trans-
late activities from a page into lively learning opportunities for real children.

A DEEPER PERSONAL KNOWLEDGE OF SCIENCE

The simple activities with water in Chapter 14 exemplify how understanding
can be developed at different levels. This is helpful because it satisfies the
adult learner to go beyond the simple explanation which is appropriate for
young children. More than this, though, it shows teachers that there is no end
to the sophisticated and complex answers to the question ‘why’ in science and
so the worry about not being able to give children the ‘correct’ explanation
should be dispelled. What is ‘right’ for children is what they can understand in
the light of their past experience and the evidence before them. As this expe-
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rience grows and new evidence emerges, then more advanced ideas are
needed and understood.

A simple activity with water, such as ‘floating and sinking’; carried out by
teachers, may go beyond identifying things that float and sink to noticing that
some things which sink can be made to float if they are placed on the surface
with care. A needle or a paperclip can be made to lie on the water surface and
careful observation reveals that these objects appear to make a depression in
the surface of the water. An object floating in the normal way, however, such
as a cork, appears to draw water up where it touches, rather than depressing it.
Suggestions for comparing these things are given on page 169. The explanation
for these observations in terms of surface tension may well satisfy children.

But why should water behave in this way? To go beyond the descriptive
explanation requires understanding of the molecular nature of matter and the
forces between molecules. This is a good opportunity for teachers to extend
their knowledge of the way in which the macroscopic properties of materials
are explained in terms of their sub-microscopic constituents and it may help
them to explain a whole range of other phenomena. There is still another
‘why’, however, about why the molecules behave as they do, and we have to go
into sub-atomic structure for this explanation. Recognizing that this is a stage
of explanation which they are not going to understand is useful to teachers in
putting them in the position of children who may be force-fed an explanation
which is beyond them. Knowing where to stop in giving explanations and
information is important knowledge for the teacher!

At this point it may be useful to underline certain points about what is
often termed ‘the necessary background knowledge’ of primary-school teach-
ers. It would be quite wrong to give the impression that this consists only of
scientific knowledge. Such knowledge is necessary and desirable, to a point
beyond the level of the children being taught, and it is best obtained through
extension of practical activities of the kind described in the following chapters.
But it is not sufficient in itself. The necessary knowledge for teachers extends
to knowledge of how children learn in general and how they learn science in
particular. It must include how to bring about this learning and how each
activity makes its contribution to it. Intimate familiarity with the activities
through carrying them out and evaluating them for themselves and then
through the work of children is part of the essential and developing knowledge
base of teachers.

ABILITY TO ADAPT, AMEND AND EXTEND ACTIVITIES

The introductory remarks to the activities in Chapters 14 to 17 emphasize that
the activities do not form and are not intended to be used as a ready-made pro-
gramme. Teachers are expected to use them to make up their work pro-
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grammes since no one can do this from a distance. Whilst the general objec-
tives of science education are the same, the details of the curriculum vary from
country to country and place to place within a country. To use the suggestions
here (or from other sources, for that matter) it will be necessary for teachers to
accept the responsibility for adapting them to suit the circumstances of the
class, the school, the locality and any national syllabus. The activities in the
chapters give a helping hand but do not remove opportunities for teachers to
use creative initiative.

To develop the ability to use materials in this way, it is first necessary for
teachers or student teachers to carry out the activities. Then their tutor should
help them to stand away from the materials and consider them critically. Some
of the criteria suggested in Chapter 12 (page 145) might be introduced to con-
sider a unit of work as a whole. It is at the level of individual activities,
however, that changes have to be made and where new ideas may come up for
extending activities. During activities with water drops, for example, some stu-
dents realized, for the first time, how drops of water magnify. They were off to
find out how much a particular drop magnifies, how this magnifying power
can be increased, how the drop can be conveniently held steady so that it is a
useful magnifier. Then they turned their attention to using these ideas with
children, both in following similar lines of inquiry to their own and in using
the product as a magnifying glass.

Trying out activities also brings insight into the effectiveness of the sug-
gested materials. Often improvements can be suggested or substitutions made,
where proposed materials are not available. A large part of the discussion in
teacher education should centre around the development and application of
available materials and equipment, and their appropriateness and effective-
ness. If this is done from a base of trial and experience it should do much to
prevent teachers’ being deterred from providing practical science for their
pupils on account of lack of the exact materials which are suggested.

The use of worksheets

A final general comment about the use of worksheets is in order here since the
activities in Chapters 14 to 17 are presented in this form. It is suggested in
some instances that certain pages can be copied for use by children. However,
in general their intention is to be exemplary only and in practice altered,
enriched, extended and even replaced. Teachers learn how to make these
changes in workshops. So it is important to include in teacher education an
opportunity for teachers to ‘do’ worksheets. This is fine and fun at first; it often
opens up possibilities not thought of. But for an adult the worksheets provide
little challenge in terms of their content. The challenge for teachers in work-
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shops is not so much the ‘doing’ but in analysing what makes a good worksheet
and trying to make some. Students and teachers can sharpen their skills by
making worksheets for each other. When they try each others’ there is a
built-in evaluation.

The discussion should bring out the pros and cons of worksheets and esta-
blish criteria for a good worksheet. Some of the following points may be
included in the discussion.

Pros: Worksheets are handy and help children to work independently so
that the teacher is free to pay attention to other things.

Cons: How independently are the children working if they depend on a
worksheet? Does the worksheet really leave room for the children’s own think-
ing?

Problems: When children are at a loss as to what to do next after they have
‘finished’ their worksheet, is this not a cause for concern? Should a worksheet
not end with a further suggestion, a new question, or with reference to some
reading? How can we create an ‘open end’ so that children continue investigat-
ing and exploring?

Wording: Does the wording on the worksheet present a problem in under-
standing? s it made clear when an instruction should be followed strictly or
when it is just a suggestion, leaving room for children to show initiative?

Content: Are the problems proposed real ones? Will they engage the chil-
dren? Are there closed questions which really need no extended investigation
- such as ‘Do letters change in the mirror?’ or ‘Can you see the things behind
you in the mirror?” Such questions discourage thought and turn a worksheet
into a guessing game.

After considering the negative aspects, however, it important for teachers
to take a positive view. A good worksheet is not an impossibility. It poses ques-
tions in open form and not always in words. It makes clear what kinds of equip-
ment can be used and specifies what is essential and what is optional. It gives
information which may be useful but does not inhibit activity. It leads to other
investigations, in various ways, perhaps by referring to another worksheet or to
what children might do to extend the inquiries. It is attractive to the age-group
of children for which it is intended and it provides an invitation to ‘ask the . . .’
to give answers to children’s questions.
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Children and water

Introduction

Water is a common yet exciting material, freely available almost everywhere,
which lends itself to an endless variety of genuine science activities. Common
as it appears to be, water can be a source of wonder to children and to adults
who have kept up the habit of questioning and wondering. Waterplay is one of
the earliest forms of children’s exploration. At normal temperatures water is
pleasant to work with. Some of its properties are easily revealed and these early
experiences are the start of more detailed and sophisticated ideas. ‘Water
makes things wet’ is one of those early experiences, but that this high adhesive
power is due to its molecular structure giving it a strong negative polarity is an
idea which requires many more experiences and related ideas formed by
reflection and thought.

All investigations of water at primary-school level can be carried out with
the simplest of materials, readily available or made or improvised. Providing
materials for the study of water is by itself an inviting challenge. For example,
a zig-zag gutter system of split bamboo stalks or banana leaf stalks to convey
water from one place to another was initiated by a practising student-teacher
and carried out by a class of children in order to solve the problem: ‘How can
we make it easier to water our garden from the well above?’ This chapter indi-
cates many simple materials which can be used for qualitative as well as for
quantitative work. Most of the things demand only the effort of collecting
them. Some, however, require more careful, though simple, fashioning; for
instance the making of little wooden floats of different shape, but of the same
area (page 174), or the waxed cardboard shapes made to test surface tension
(page 190).

Within this chapter are various activities comprising a certain sequence of
experiences which are related to a particular aspect of the science of water. An
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example of this is ‘surface tension’. This phenomenon is introduced as a first
experience on pages 169 and 170, where the surface tension makes a meniscus
and supports a ‘floating’ paperclip. Little, if any, explanation of the phenome-
non itself is required here. At best this may be a good time to introduce the
proper term ‘surface tension’, but it will only stand for a still hazy concept. The
concept, however, may well gain in sharpness when children have been ‘heap-
ing drops’ (page 176), when they have experienced the problem of ‘how full is
full?”’ (page 177) and have measured its ‘strength’ with a balance (pages 189 and
190). Constant referring to and fro - to previous experiences from present ones
- consolidates the idea, and helps to test whatever new notion arises from fresh
experience, such as the adhesive property of water resulting in the phenome-
non of capillarity and ‘soaking up’ (pages 185-8). By the time children have
undergone and discussed various experiences of surface tension, their concept
may be rich enough to make a relation between their observations, so that they
can begin to seek for, and discover, a satisfactory explanation, even though it
remains incomplete at this stage.

The actual sequence of activities related to surface tension is rather arbi-
trary, of course, but every fresh experience provides a new angle or a different
point of view which is a step forward towards a better understanding of this
property of water. The explanation of it in terms of the electro-magnetic forces
prevailing in the lopsided structure of the water molecule will still be well
beyond the grasp of children (and most teachers). But if they do recognize rela-
tionships between their observations and the outcomes of their ‘what happens
if . . .” experiments, they will begin to construct a pattern which gives momen-
tary satisfaction, which is correct though inconclusive and which leaves the
search open for further hypothesis and investigation. Those who later con-
tinue the quest for deeper understanding will find that the mental ground has
been well prepared to foster further insight.

This chapter on the science of water brings out another important aspect
of scientific activity: the recognition, use and control of variables. This ability
is rather difficult to ‘teach’, as it requires some insight and hindsight into one’s
own investigative work which makes critical appraisal possible.

A first acquaintance with variability is presented on page 169. Objects of
various shapes and materials float on water in a different way: some deep in the
water, others high up; some fall on their side, others stay straight up. Children
are asked to observe and describe these variations. So far the children are only
asked to make observations, but the observations include the different proper-
ties of the objects they use, as well as the consequent difference in behaviour
while floating. Something similar is called for when they compare how
different shapes of wooden floats of the same area can hold different loads
(page 174).

The idea of varying shape and size in turn is not included in the activity
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yet. Some intuitive agreement that the area should remain the same while the
shape may vary is all that is suggested.

On page 176 a further step is taken when children start ‘heaping drops’ of
various liquids onto various substances. Although ‘heaping drops’ basically
asks for ‘what happens if . . .” observations, these variables become important
when results are to be compared. What can be varied are the liquid, the surface
on which it is dropped and the number of drops. The results are to be found in
the shape and size of the drops as they lie on the surface material. Children can
see, and sometimes even measure, differences in diameter and vertical height,
and they can compare the curvature of the surface of the drops. This is about
as far as one can go with primary-school children: good observation and
accurate recording. Nevertheless, part of the accurate recording is the mentio-
ning of the variables: the liquid, the surface and the number of drops. Now
they can establish certain facts on the basis of evidence collected. The fact that
different liquids have different ‘heaping’ properties and the fact that different
surface materials interact differently with water, spirit or whatever other
liquid, are probably all that the children can conclude at this stage. But that is
sufficient.

In connection with the experiments on capillarity where the ‘natural flow’
of water appears to be reversed, the need to control variables can be made
obvious. This is a good opportunity to pay special attention to it, to point out
once more what variables are, how this idea applies to these situations and how
necessary it is to recognize and to control variables in order to get reliable
results. Page 187 starts the discussion. Apart from such a discussion, it will pay
off in later work to keep referring to the idea by reminding the children to look
for possible variables and to take them into account in experimental work.
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”l"e') ) stir every -

(@ thing in Lhe
\/ Jﬂter suirls

arounel !

alrJajs amazed at
how Chey alda
trenlt” a s)z[ﬂ\on.'

and Wonder Y

168



Floating and 5,’_Hk
{

n?
When children WJork j

With Water and Ehinjs.

one of the first questions usually is:
"What ha)opens if you

EI’L row a ... ($ill in Ghat you fancy) ...
Into the Water?

/’* /~l .Jer%‘
or: What Jill {loakt? 7~ 3':0“
What Will jsih.k? %@ q:oitaor'l
no—- With!
HoJever, do not leade it ~

al: El‘zol::
Go bejond the question and WATCH:

HOW does a block of Wwood jlool:.?
or a plank?

Dr-ad' ik a tin (EmPLy)?
nicely: a tin (half full)?

acork?

a jar?

a piece of sf:yrofoam?
a sponge?

Q pinﬂ-Pon/q ball ?

How much of it is above the surface of
below the Jater?

ls ik |>u'nj stkqiﬁht? or Lilted ? Hod much?

Where does q cork (or a pin) float:

af in afu” e

b) in a
cup”?
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CQn you make a Pin.,
a paperclip,
a heedle,
or o razor blade )’-lool:?
With a 5|'mp'e instrument

and a littte patience and
practice, eder/c(baalj can do Wl

Open =3
’OQPeo—clfp

Use Ph’ers
to ma ke

a little
oot
5 ond

lover
Lhe object

5el1£lj

O L‘O

the Jaler

Once you ﬂet ik afloat,
wWaktch CGrejully Ohce more:
How it floats,
Where it floats.

Chink of
the cups,
ull anel

hal}j“”-
bry Compoare a cork or piece of Wooc
Soater! which floats in Jaler with the

<, Jlootl.ﬂj paperclip;
@ look where flo::ting obje:L‘
@? anel walter touch !
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Can You make

Q .5i|1kl'rﬁ Oé_"ect f‘oot?

This is a potalo with

mabehsticks stuck into it

How many malchstick’s

or toothpicks
(and perhaps you can bhink
of other buojan.t things)
are needed to make a
Potqto jloal:?

) hade no
wmalches!

S

o

N

N A
LR ]

A ball

of clay =
{l'ﬂké, o T
bukt
attgg, make
,‘F'_ ) a little A votlen eqq
C boal will floal ¢
- outl

oj-it’.

=

Whatever children 5ujgest
s \J'orU'L tf:jgn_j out aH:hOujh...

Hou Would we

cdo thalb WJith
a stone ? < My

—

P
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Can you make

o) j—lool:(nﬂ obJ'ect sink ?

e This is a small cork
Wilkh Pin__s stuck into tk.

? -small rails or kacksscan
. be used , too. —
How man ins (nails,

tacks) a¥Fe neecded lo
make a cork sink?

At What pin does Lthe cork starl Lo
sink ... arc does it sink Lolhe bottom?

At the
umptgenbkl

Could you

make the
cork __floal:
I.ﬂ l;“tg
Pieces of balsavood middle of
are easy ko stiek the {ar...?
Pins inbo, lal sJo.j
ancd one
can make
measure -
menls
. . +
quite eas.l,, 0 -
A piece of wWood sinks With L hal size
: : : [y do you lLake
15 pins stuck into ik 2 E Y A
How many pins Would you W~ wice!

neec Lo make a piece of
Wood sink Lhat is Edice iks
size?

Please, Miss,
coulel you
repeal this
questu'on 4

Hou do you
malke a
balloon sink?

S
what my
fece o
chalk does
When | pul
iL' n Jﬂtei’!
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Food-, fruit-, j‘ish- and soup-tins
should never be throJn aday, reall
be.jore. hcufmj been put Lo qocel (.'.:..en.t.f:c)
use:

'kﬂ‘lnl:l—m ens if you Iace an empt
Lin on l;ie Ja{en— 5urface Py

Then it j'onfs Qerlm/:: L
of course! Ltk Aod? ‘:_

- HDJ Jill it floak if ks
«jh and Harrod? f ?
- How Will a low and \Jide Lin {loatl? ?

- Can you make Lhem alf ﬂcml: s(:raa'jhk up? Hou!?
Hod much Waler

- TOH ou loacd into
Sand. oun loab: Lin
koufmony peas. .bejore it (just) sinks?
e iiss, | s thak th
aperclips, 5 tha e_same or
Ppepbbleg every tin? S
corks
rubbers How come?
Witk ) and | make a hole
kJo holes

more holes (n alin..
anc J»loqt it on Lhe Jater.

Does it still J‘loal:? For hod lonB
What haFPen_s?
What do you see in the Ein?

Meagsure the Ebime for one hole,
two,
jé_laju":.l. holes.
What h

F pens |' 'fo marbles
or—Peb es mto ou— in (WJith one,

tJo.
foul’.
g% Y Measure Limes &l'ﬂhl: holes ?
A
]Q/G\ | 3 Tabulale or graph
’L'\ anumber o_f’ holes vs. Lime.
\4 b Rumber of marbles us Eime.

/ me for Whald ﬁ:ﬁ;

173



\Do\:\:\°\-'°ps
Sardine-tins S_Hoe-polish Eins (+lids)

are kooﬂooci l:a be
thrown adnj:
they are jir.sk—cJass
seientifcé eqm’Pmenl:
j—or a art‘el:j of esze"""”e"t"-

"r‘lie:, can be used as "cargo boats”

e , - How many marbles,

- o pebbles,

.\\ g — = sancl,
— L clay,
=== things

can the boat carry
without toPrI.‘nj,
kee inﬂ over,
Capsizl'ng,
or sinkin ?
\What else can you load ? 4

How can you load your boalk rn equi“brium?

It Jould be nice Lo make

little Wwoodert "boals”,
cult out in da’jjercnlz
shapes, but of equal
area.

o Would the shape

of the "boalt” make

an olifference to
it e -loadinj capqcity"?

—~Can you Pi‘c as mary

marbkles on a square
as on a tl'l'angle_?-

o 'ql‘ld C‘f'j Saﬂc[ ?
o Ane when lhese

loacled boats move

-} ln_ hou lﬂqn:_{ lJa.js
can you make our
boat's move wWithout
Eouching Lhem 2
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DROPS

How do you make drops?

Or should one ask:
How does a drop

.Lj-orm. ikself ?

What exacl:lj do du—ops look like ?
What is a drop's shape?

Observe very closeb:
* a hanging drop,

. quﬂ clrop,
ying“drop.
runding drop,

j—allen. cdrop.

How bfﬂ 1s a crop ?
Are all clrops ec,qal in size ?

lf you drad
& With care,
then you know
how well you
observecl!

opDHD

:Drop
drops
nto a
measur-‘ng

&g o

How imany drops
make (Tor2 ml?

.ga, counl and didfde)

o Once you know how to "measure” drops,

you can tompare: wWhich liguid makes

|erer or smaller clrrops: - WJater ?
~milk?

- spirik?

- sea water?
3 !)Uonder." -o0il ?
- \/inejar.?

- S50a Y
Jzter ?
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Heaping_ drops

>/ou can heap drops...

but what happens if you do ?

Try heaping one crop onto the other:
d Ping P

- usl'nj daf‘.:'kt
soapy Jater
o:l
i k
seq Jater
\finejar

on to plcl.sl.'ic
3!055
wWoocl
our arm
metal
‘Loi' (aluminium)
ubber
paper
Jaxeclfa per
makintdsh cloth

Have you eder
ts-ted. cll‘opplhj
drops on ko
sand?

Drops soak into
blokl:injloaper anecl
make rings
-neu'spmnl or
ee j-llter
can be used,
too.

\Jou'd this be a
reliable way to
Measure JEOPS?
And Lo compare
their size?
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Look,

Com pare,

and draw accurake!:(
What you gel:

Waker

o
on plastic ?

soapy waker
v

on 3|ass ?

‘o dn._

q .
I
N ) 9

~

Water on Waxed paper.
¢ 2 3 N
da}ferehb ’lquvc's onr

Wasxed peper: 1 WJaker;
z: sFin'L; 3: soapsud; u: oil.

idem ..

on aluminium jon‘l.

. Jhatever E is. ..

Y on Whatever it is...

Whal vs Ehe
difference
bekJeen dl—oP
and dv-p




How J’u” (s j—ull?

Colleclt some small vessels:

like bol:“ecaps: @

Nty

Screw - l:ops: f

small cups; T

lids oj J'ars ...ele.

or
even :
penholder

caps:

—rl{en I:VJ and see how monj c‘koPs

of Water,
Df Soapy Jater,
of spiril,

oj— Vinegar,

of oil you can add to Q"full" Vessel

J:ae._fo.—-e it overfloJs.

How high can you heap
the lic,u’?d a.boJeyl:;:e ri:f?

>/0u can ntake use of
- C’L_[e-droppers,

- lrject ion syringes,
'Tt:e/-( arejood A
Sor measuring, ‘_\'

J

) Lold you! E’
<

- or, n'f you are clever ekuﬁlq,

orclincn*y drinkfnﬂ straws

Which drop makes the bucket

overflow?
s -

N
i:a'

\fhak Happens uf

you 'heqp' o:—dinarj Waler above

Ehe rim , but not quite as hci[gh.
a

as you dare, and thern ad
tiny drop oj ... soapy Water ¢

or any other Il'quic(..
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pccihﬁ Drop.s
Let dr‘ops drip and run...
- alone litkle slopes o

di 1erent an (ef, s

-arcd made of (sheets of)
different materials,

Such as 'olasl:t'c, @
WJooel,
formica., 6
lass,
slate,
metal,

and walbehl well 7

Observe: how the drap.s rum.,
- Do Lhe urn stl'nic ht?
- Do théj -un asl:-"?
- What dges Lheir speec depend on?

And i ou
chan { >ll:he

Ov ( you

AR
\ s

J angle Of the use different
R‘)\l\ slopes ? liquids ?oi?
Spirit?

And n_otJjo»/ the

“Take sizeable Ltins,
pots, buckels, botlles,
or valks ancd let drops
race each olher cdown
the cuirved sides.

Which C‘I’OP of

Wwhich liquid, becomes

Champion ?

- Can you find a Way to make advop Win?

- Could you use straight-sided vessels?

- Could you use sloping sheets ?

- How could you make crops run skraight?
- Have you Eried drops of ink?
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\'ﬁtot more cap you do WJith draP.S?

ou can make a prett
/ ()/ /><-]/ood handlens: P 7
= Place a nice, clear

dkop on Qa iece o

transparent plastit,
(oden—headpr_ojectar sheet)

"l’;ﬂ it out as a lens:
- Shat diskance above Lhe olﬂ'ecl: should you
hold (t to jet it into .SharP j—ocq_g?

*
.

- How much (or little) can you see
of your obJ'ect throujh the Water lens ?
- Can you make your cdrop-lens an
biqger? better? rouncler ? clearer ?
- \Jould another h'c,uid (e.ﬁ.oi.” make
a betlber lens ?
\»ﬁtateJer ou J’-a'ncl.- adatcrdrop lens comes in
handj I\JKE.PL You have no handlens on you.

Adrippn'nﬁ tap s a clock.
@ How can you ocIJ'usl: such a clock?

0 = How can you measure time ...
[ .. With a dru’Panj tap,?

QOul of tins you can

make” Water-clocks:
G

‘ Atin Sith a hole ?
Bul... wouldn't you
Se.l: a stream of WJater ?
Ancl ij» you coder Lhe
hole With J'Hterpqpel—?
>/oq could lel the )
wWater SyPI’LOn L‘krauﬂh =
a coltbton’thread oveFr
the rim rnto a Measuring

Jar (home-made?)

How do you wine these clocks?
How do you keep them runm'nﬂ?
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are splosl—ned_ draps.

lUse coloured Water

Beelrook Juice s cheap,
Inks andl dyes are dear,
Wakercolours are expensive,

Fooccolourineg clean’, bul
rather- J"-orbi a‘inﬂ.

W hat ko,ofaens wikth drops Which are
dropped f-wo:—n a Heijhl: of 10cm,

25 cm,
50cm,
100 ¢cm,
150 cm,
onto paper? 200 ¢cm,
\Jax—Paper?
S‘QSS? Goodne:s mel
plastic? Jou vather
-StOhe? qo° outside?

-rhe m.ess.‘

linmoleum?

or... into a pan of Water ?
or dr/\{ sand?

Coloured .SpoH:er.s ou can sale.

hrﬁej .\Jl‘ite" l:he.iu— ouJtn records ...

... but ou Should Write the "what haPPens if...'quesl:n'on
mext Lo them, otheruise you saJe answers
WJithout quesbions

ou can also measure Lthem
and make « E("“Ph

~

Measure
thnt,}l'r?
Graph
what, sir?

Look at the

question above

b3~

& and Lhe spatter
below!

kS
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yogeb
mane
dT—JoPs
for nol:hin,g r
Use them!

- \Watch how the varn

» straiqht clown ?
v slamnEing?

° lous obliqueLy?
¢ Whot Jould make the vain slant ?

- What

falls :

happens to raindro

Jhen th
dl‘op clown ? pe en =

o Look low, just above the ground,
Where Lheg hit Lhe earth

° and Wwhere thg kil the Surface
o}- a Puddle_

e Wheat, Prc:«'selj, can yvou see
ha ppenin where a'drop hits
the wat eju‘— n a Puddle? (ora pan?)

Could you cdescribe a Puclc.lle tn Lhe rain ?
or Paint ik?
or drvaw it?
or sing Y § you Wish !
- \Jhalt colour has the Wvater in a Puddle?
ccan you copy thal colour?

- Go and stand 'somewhere else:
Wwhat colour has

the puddle now?

P (Teg it &
can you copy
this ‘colour, too?

- Look arocund anel see

i ou camnr j—inol _samel:l-lirﬁ
€lse of the same colour.
13\\

What is hare
y When (t rains hare ?
[

)
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LF ik keep.s I’Qil‘Lil‘Lﬂ;
- WVhat does Lhe rain,

or the rainWater,
do to kheﬁround?

* Look on the path,

. on a bare Pal:ch.
I Lhe $Q|1dpit. o
unrder the tree, e
in the grass. i

Uhat Would
cats and cla_gs
do Lo the

ground ?

Where does the vainJater
leave the clearest Evacks ?

Did you |ook where the 3rouna|.

.sloPes.

Could you make

Q mini -vider .Sys’ten.
ourself ona slopin

éqnclj ’;atch of ground?

Everi on a AI’J dqj’

-Where does all Lhe rainuJater ,90?
* HOIJ do yoq kH.OIJ.?

Can you Lhink of some Wae ko - 0”00"
the >\:fate:—? f - j

Are all raindrops equal in size?

Stick a piece of paper outside; hold it
/Hal: into the rain... for fusk one seconcl...

- Whatl can this be_spaktered paper

tell you? ...about equal or unequql sizes?

How mant clrops did you catch?

Could this small experimenl lell you

somelhing aboul (whot is) ‘gentle” rain
or "hard" rain?

Measure Lhe biggest spatter
Lhe smallest,
Lhe one which occurs most.

\Jhat exacl.'ly HqPPened_ to the raindrops

hitking the paper ?

Does l:‘gi_s also l—qupen Wwhen I:Hej hit qlass?
lastic? slkone ? dry sand? a mackinEosh?

Qa handl<8rch:'e_f? bafe skin? kinky haivr?
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"rh'e_ Mathematics oj- a Shouwer of rain .

{ ' [
'lrl '.ll"
' |!ll'\l| \ '

How "of course”
1s the I'Al'nﬂauje_?

rainjauje ,
of course'

What do you Jant Lo measure ?

.“The size of Lhe olrops ’
*“The amount o)‘- drops ?
o The ciuaul:itj oj- Jater that has ja”en?

¢« "The amount of kainfall atajl\fen time anel
Flace_?

/ m What can you measure
v =

/ J:HI a tain qau e_.?
4 Adee,
' >

"With a qood; skrgijhf-sided, tin ?
{m "With your "spalter - paper” ?
Y /

/' : Whal means: "Zrm ro.'njall 2"

-the vest you have to calculate

or bto eldtimate.

An estimatke
is like a
measured
quess

Now calculate:

gl"fﬁe area of the school's
Pla_:ijroun_d..

y lj the rain j'aFe measurecl

2 mm of rainfall, lou many litres of
Water jell on the qu’n{jrouncl ?

And if the Whole shower fe” oh an area of
1.5 square Kilometres, and measured 2 mm,
how Heaij WJas that shoder?

lj_rg_clrops drop on your paper (Au) in one

second, how many drops, then, cdrop on your
Plaﬂﬂround_j-rom a shower last:nj {0 minulbes?
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Waoler ane :D_jg__

Water isa fluid... m
...bult how does it @5 :
__flo»J? /g—

Movemenlts and currents
1M Lhe Wwalter are usually invisible-..

until you drop a crystal of dye,
or a dw>o/P aj— Co?ourinjl (or irl.{) =
inko Lhe Jater

\fhot does happen if
you clrop a drop of

due or ink "maqlass,
oT-Ljo basin, o \«fgater ?
TRY and WATCH

'Bj this simple. techn.ic,qe

~or brick- ou camn draw qul‘e
qJ»e_u' setrels from Lhe vater:

*Howu does WJater move ?
eHow does Water mix WJith
another liqqid?
oHow cdo currents run, or flow ?
cHow coes the Jalber al the top
of the kettle heat up?
sHow long does water Jhich has
been Ttirred Eurn round anel
rouie ?
— or how long does WJater remember”
in WJhich dTrection ik Jas stirred ¢
ol How cloes a Crysta( cissolve

in WJater?

*How does a dissolved -ora
dissolving - sSubskance (:solute)
spread t roujh. Water ?

Water throdqh moving Water?
and cfﬂe Lhroujh still "Jater ?
hel you through cold Water?
solde ‘these holt Water?
problems. heating Jater?
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Water Funning upward ?

“THat s
|mFossib!e.'
‘OH § ‘
@ 't can’ R y

honest !
) svear!

Take Euwo small glass platkes,

and,al one end, you skick
Q nakbkch stick betJveen them.

' [f ¢= makeh stick
; Next, tie Lhem I:o_ﬂekher With
) Fubberbands

ol

Now Ekouch ,With the underside
°f this contraptaon the surface
¢ the WJater (n a basin _ ..

What kaPPens Lo the wWater
between the qlass plates?

Draw ik, Describe ik,

S 8 Well, What
3 ) di cl.) Eell

You? e

(B0 ‘tht?? =

Vhat h -
/) yo: sta:EquZiich

in a plate, pan or
pot o? bfal:ef?
AN 7 - or a rock ?

- or a broomstick?
- or a piece of chalk?
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Let water climb

up a strip of paper
and you Sill find

mahu roblems
Lo Be solvecl bj
as many experiments:

ln Jhat paper does the Jater
climb hijhest?

‘Iln blotting pa ?
. l:: ne.:f.s pa?fr F}&r

‘In copybook paper ?
':h kitchen paper :
‘in Wrappin aper ¢
‘In kfalflgp a%e.f: F?
“Ih  toilet paper ?

‘i filterloqper?
“In doesn't-matter-uhat-paper 2

I you Hang
l:gei/e .sl:riFs
Ina row, you
Qul:amatl'cn”ﬁ

jet a qraph’

And hod does

Water climb
o "I'l:jh or low -
™~ in strips o
- cotton elolth?
- Waol ?
- hylon? ,
. ’?askic? ) Ery it iR
et -coloured Jaler
) canJ95.7 - sugalr Water
) ""_”-"{'“?-' - salt Water
“ linen ? - oil
/']nf 'n sl:'rip; . sle::;afade
[e) rouserieq ¢ :
o}f- _shiztsleei\g)’?e? milk
of coatl tail ? .
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Variables

U you wank to make valid
Comparisons, and S0 assure
yourself of dependablc solubions
to your problems, you should
compare onlj one possibl
di”e:—ent quafity at the same
Eime.

A Jorieue
1sa :,uah'ty
H‘lat maj

ot may nol

differ.

ExamPle 1: Lo solve the problem:
"Which liguid rises hiﬂkext?"
yo“ maj Uuse

d_Lf_feren_t liquids,

W but: Lhe same poper
= _ of the same Uidth,
- dLPPed te khe Same depth in the

||'c1u|'c‘s.

Example 2: Lo solve "How cdoes the JSidth of
the strip affect the rise
of Lhe Water ?°

ou musk use the same kind of paper
4 anel the Same ll'quial'ftﬁjdip
bhe st+ip to the same degth (n (L.
Only the Width of each strip may differ,

“FLTLS (s called
"eoutr’o“ir\j the

Vaviobles™in an
exFerimen(: .

) control
a Whole bunch
of Jariables

eJer dnj v

Keep this tn mind, ancd you can solde many problems.
P 4 Y P

Like: Hou}as‘: does a liquid rise in

- different papers ?
(How far) - different ‘tektiles ?
- dif}tererzt bricks ?

And : Ho\J'J-ost do di}feren.l: lt'quids
rise I --- papers ?
texkiles ?
bricks ?

How Would you control Variables here?
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And there are Plentﬂ other problems:
Listen!

HoW come

the liqm'ol

.stoPs ajl:er

a while ? Would it geb -~

Does 1t h{jhel— up
if e Jrap
thin lastic
joil around

our .sl:rila.s ?

ou can

hang ) can let
our skri wWater
tnside a creep ofer
bottie ZHJ the side
cork il! of a [ar
L{roz_‘h a
thre&d of
cotlon .

Hod does

WJabtet+ mole

) am qoin
Lo make a

stvrip o up a round ; =

ilter paper, jece o n =

fand lCl:Pl:he f;)apar f? t‘fh 7
Jakber move - (‘:Araujh — >\/
avound a blok a star-shape, \&"’\

Oj‘ ink ora zig-zag?

) pul
l:'free

colours ) make a
i m aper oith
Fq erj- Fa Phola i‘n
sbrip ‘t No,

three holes,

;'l-o-. jour_’
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How “strong" is Water ?

- You can Heo " \Jaterdu—ops
- J; Carries a perclips, needles, razorblades.
ater "pulls” lL.selj up .

And have w
ls Jater "sl:rorj (‘ eJey- true!?‘.o

) Separate tWo
l"lo:J .Stl'cky , &o\\ et Platas of

clm_amg 1 ﬂlass ?

or tenaclous i's ik (

!—— and Z and ¥ ou et
Cuk §old 5 a Walter Surface
Ehis the e tLension metep.
shape tail & - .
oul zig- [ﬁ) It also measures
zag: ossible surface
;{Per A F":ension. of other
’ liquids: at leask
you can compare.

ust Louch Lthe surface,
and ge nLl;_.‘ pull upWard:
how fﬂl— does the zig-zag-
SFrcnj exlkenrd?

Can you think of a more reliable instrument?

) JOulJ trj

kﬁhwn'ﬂ

e | ijkt
Sprim La.lm.(,g ik be
@- P4 better
to use

So:nef:kn'n_ﬁjlnl' With £ ?

)/es, because
< theve (s more
/ vy Suvrface fol'
4‘;4- the WJaler
~ fo hold on Lp!

Or-..
shall Je use
a Fra,:en—,bn(nncc?

Hod about adding

Washers Lo a

leating vrazor .-
j;)lqde 3
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“The Sur—jace tension balance

Cut rejular shqpes
' out of strong paper or card
— which you can make Jaterpraof

by °“PP‘"‘,‘| it in hot candle WJax =

@ or oul of P’astic or melal
sh&etfnﬁ. ’
Fix a pin through each fiqure's
dj Ce.::trePPOint, and .ben'ilﬁu:

to make the shape Suspendable,
and kecp it i1 balance.

Suspend one fiqure,

on afzhrea:/.fr{n:g the

balance, and bring the
balance to E?ui’ibrium .
]-l‘r_st. ‘Then let the -

SAaPe ‘ust btouch the
.Surfnce oj the JSater.

Nou add units of Weight

(eq. Faf:erdips) to the

ofher balance-arm , anel cournt how many ave neecled
to Fqll the shaPe free jrom the WJater ('s hold).

Now you Cam compare and find out to Whal
extenl Sha e, size (-qren},or even kKind of “?ul'cl,
ajjecl: Lhe liquid's (the Jaters) “holding powser”.
Mind Lhe
Variahles 7

when you consider solding
Prablems like:

s soapy Saber Stronjcr, or..?

* |s one shape held more
"Eijhtlj" than another ?

. HO\J can you compare the
Walers pull on d.‘fferen.l:
areas ?

“Try and make differenl
5Eang Jith LHCJJSame ‘Jkld‘t Jariables should be
area, and olifferent kept constant , ane WJhick
areas of the same one may Vary ?

shaPe.
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ICE
" WATER,
Where STEAM

does boilinﬂ Water
30?

-there rs a classic experiment
dhere..bj a cold plate is held
in the (et of steam comin

jram a thisHinj kettle ..
)jind this rather o‘an_gerous

o1 children! ESen teachers

hburn their J—injers !
\

A surprising investiﬁqtion Is:

Can you retriese it?

What thPen.s to Lhe Jaker:s temperature

belWeen ice and steam ?
- Start With a pan of iceblocks (+ Jater).
- Hold a tLhermometer in it &

and from now on lLake a
reading every minule.

- Keepdcareful recored of
the temperal:ure,s ?

Heat the pan on a stead H

tempeknture in °C

lame , or on a hotplate,
and let the Water boil

j—ar at least five minutes,

Make « graph.

time n minuleg

Y
>

Whal does this qraph tell you?

My children lode
making ice cubes
in the 4$reezin
com a;l:mentjo
a rejrijeratmf.

£

J hate sent them

] With the Prob’em

making ice bal(s

MiSS how
can you

keep Ethe
airbubbles
oult of Lhe
ice Blocks?

or llce e // ’\
or ite rina .s, ,{Ilﬁt\'

or indeed, any shape.
~ \
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E\faporation and drjm’g_g_p_._

:Dv:_'inj Lhe !q.,mc(r/-.( seems so common, bulk
Jhat exactl. haFPen.s
Shen Lhe WJet clothes
dlj?

What ié'drjinﬁ u)o".?
How Web is et ?
HOLJ drj is drj?

Can you measure Weblness ?

Out of a simp’e balance you can make C\ﬁood_
hfet-o}ncl-drj meter: 4

Suspend on one side a (measured)
Wet' cloth or piece of blotling "“/pll

aper. Bring the balance in
Equ”ibrt'um % ﬂddinj small li'
bJe(jh.ts to the otherside. L

\Jlﬂ.en drying , Lthe C

objeck Io?e: Bba{qnce, N
arel the balance Joses
equi’ibrium-

"Tgl’s enaHes you Lo

measure Lhe Lime
it Lakes, as Jell as K
Lhe quantiby amec the o«

SPeejL (or 7(::!:6) of
ed’afiorat('an..

(PS. Weigh the elry object {irsk: the ou knod

,'105 much Cjﬂal:o.’l" it jsl:ill reta,‘:'ni’:lcmldaker

(s lgram)
NO\J. tkin‘(inj of Variables (Which ones?) you can
solve: t Does the place (position) make any cifference ?

In the sun? Lhe shade? the clraujht.?
On the cupboard? In the corner ? Under the table?

2 Does the Shape make any cli”erence.?
Cireular? Square? %fanju’ay? Ribbon-like ?

3 Does the area affecb Lhe rale aj—
erbl'rﬁ HP?

NB: Cut same shapes, different areas;
same areas, different shapes.
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le this the end ?

“There is no end. Jt‘
HE5

course,
because Pnan‘ fons and
O'O Problams rem.cnn

e THere is much more Lo be done
v With, and much more to be
learnecl jl—o:n. Water.

GTKI."LI( Of D= \J;\l:erpoufer 'makinj ,:urbl'nes;
-5hudj erosion;
- WJork on pressure;
- hydr ics.
- \ater cyele ydraalics
ater preserdation
- Water works

“moke a Jaler -
distribution map ;
“dismantle and

assemble a tan.
Water pollution P
é Puriffcal:ion "-Filterinﬂ.

- Solytions and

- Hod man sugar
Solventk (s) 4

lumps clfssolVe
in hot Jater?
cald
\Jhal. do you 5&!.
' )/ou edaPoraLe
Sea leaLEI
Aned Whatever lives,

lives not,

_ lives no more
in the Jorld's JSaters

ortant,
is in erestm
is lnstrucl.n)'e
is releJanl.

E\/er/H‘Unj s lm

Fit in an. l:oPn'c Wwhich
catches your childrens

Ct“:e.ntion or yours.

’Just et started, o
and see Wwhere il ends. Y
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Chapter 15

Children and their environment

Introduction

The environment of every school is full of interesting features, full of informa-
tion and full of illustrations. It is also rich in materials to work with, almost all
for free. As a rule, the school environment is very close (and appropriate) to the
daily experiences of the children in their own familiar world. The familiarity
of the environment might be a drawback in so far as it can lead to taking things
for granted. Some effort is therefore required to delve into the unknown parts
of this well-known place.

This effort is required from the pupils in the first instance, for they must
learn to ask questions which are not always obvious in an everyday environ-
ment. They must also learn to look for and find satisfactory answers to their
questions. Fortunately, answers to appropriate questions are hidden within
this environment and can be uncovered with the right kind of scientific explo-
ration and endeavour. Whatever the children uncover, they also discover, and
they delight in discovery. This kind of discovery through scientific endeavour
and discipline takes away the odium of randomness, often mistakenly asso-
ciated with the idea of ‘discovery learning’. Endeavour can be planned.

This means that the teacher, too, must make an effort. Not only does the
teacher have to make a biological or ecological survey of the school’s imme-
diate surroundings, he or she also has to recognize and measure its potential
for children’s activities in their learning of science. It is the teacher’s task to
stimulate, and often to formulate, the questions or problems with which a liv-
ing environment confronts children.

This chapter presents a number of suggestions and ideas about doing
science in the neighbourhood, in the surroundings and in the environment. It
attempts to give an answer to the question: ‘How can we help the children to
use their own environment as a source of learning?’
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Children and their environment

It does not provide ‘ready-made lessons’ simply because it would be
impossible for an outsider to make these up. Every school’s environment is dif-
ferent from all others and therefore unique. Having explored the school envi-
ronment, teachers must make their own activity plans according to the possi-
bilities and opportunities offered by this environment.

The aim should be to help the children to approach their environment, or
aspects of it, with 2 new scientific look, so they learn to view it as a whole, in all
its complexity. Some activities suggested in this guide do just that: working on
a minifield, or a transect, means observing it as a community in which we try to
unravel relationships and interdependence, and other influences. We start,
however, direct from the touchable, observable and very concrete materials
and situations of our children’s real environment.

On pages 201 to 203 are ideas, often in the form of questions, about how to
study a minifield (a small patch of ground, clearly demarcated in some way)
and how to relate observations to each other to find relationships. Questions
are suggested which can be answered by looking carefully and which will, of
course, lead to other questions. Variations in the study of minifields (page 204)
are proposed as starters; teachers and children will think of many more.

What is suggested for working with minifields is of equal relevance to the
other activities and exercises described in the chapter, since they are basically
similar in approach and technique to the study of minifields. They lead,
however, to more comprehensive results and, hopefully, to pleasant and
motivating surprises. Some such surprises were expressed by a group of teach-
ers who, during a workshop at their school, attempted the exercise named ‘A
Biofield in Layers’ (page 205). An interesting area was chosen at the edge of a
stretch of woodland where the undergrowth began to give way to open grass-
land. The teachers were told to study the area in detail, to sample samples
where desired and to prepare an accurate map, illustrated with sketches, draw-
ings or real samples.

The first group was assigned to the area ‘underfoot’. This meant that they
studied no more than the soil and what was immediately on it or in it. Their
attention was drawn to the thicker layer of humus in the wooded part, of which
they took a sample for display together with their presentation afterwards.
They also dug up a number of roots and root systems, rhizomes and creepers,
which on closer scrutiny revealed not only a surprising variety, but which also
clearly indicated a visible relationship between form and function. What they
had formerly dug up from schoolbooks they had now dug up for real, and their
comments expressed satisfaction: ‘I am going to do this with my children.’

Members of the second group, restricted to the lower five centimetres just
above the ground, were surprised at finding species of plants which grew no
taller than a few centimetres, yet were complete: flowering and seeding. The
elbowing action of leaf rosettes came to their attention and the question
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Children and their environment

‘Where does the stem of a plant begin?’ led to a fascinating investigation and
discussion. The group studying the layer between knee- and shoulder-height
became interested in the aerodynamics of a swarm of midges dancing above
the grass, something they would normally have passed by without noticing.
The group mapping what was found above eye-level expressed surprise at the
great variety in size, colour and even shape in the leaves growing at the ends of
branches of shrubs of the same species.

These teachers, like most others, were not field biologists, but they were
motivated by the unfamiliar approach to something they had walked by for
ages without taking much notice. The most pleasant surprise, however, came
when they presented and displayed the records of their findings: five annotated
maps, filled with sketches and fresh samples, which contained so much more
information than they had expected and revealed such a high degree of crea-
tivity that they made two comments: ‘Can so much information be found
within so small an area?’ and, looking at the five very different representations
of this same area: ‘Have we done all this?’

Working on a transect (pages 206 to 209) leads a step beyond the closer
community of living things in a minifield. A transect is more suited to the
study of the vegetation across a larger area; it gives an overall view rather than
great detail. A sequence of changes in vegetation across a piece of land can
often be related to visible conditions like the composition of soil, exposure to
wind or sunshine, tilt of the land, or disturbance by passers-by or cultivating
machinery.

When studying ‘vegetation’, one considers the collective plant cover
rather than individual plants. Vegetation is more than just the plant cover of an
area. It gives the landscape (or landscape elements like an embankment, the
verge along a country lane, or the swampy edge of a pool) its own colour and
character, along with prevailing physical and climatic conditions as well as the
influence of inhabitant fauna. The lonely ant who happens to pass by is of little
importance, but the wriggle of eating caterpillars certainly is to be taken
account of.

From page 210 onwards, attention turns from the field to plants as indivi-
duals. Considerable emphasis is placed on using the actual plant as a first
source of information about itself. What does the plant tell about itself? To
answer this question, which keeps returning in different guises, the student
(child as well as teacher or trainee) is required to observe the plant and its fea-
tures accurately and in great detail. However, observation is only a first step,
for the student must now attempt to look through what has been observed in
order to gain insight into such relationships as exist between form and func-
tion of various plant structures, or between the plant and outside (situational)
influences. This requires thinking and reasoning, putting acquired concepts in
order so that an intelligent hypothesis can be formed and formulated. It calls

197



Children and their environment

for comparing and finding similar structures related to similar functions.
Further work may lead to simple experimentation.

The role of language (plant words) is placed in its proper position: as a
vehicle of thought and a means of communicating findings. Classification of
plants is presented not as a matter of fact and a completed system, but as an
activity to be done, requiring skills of observation and ordering. When classify-
ing plants, students observe similarities and differences, and by discussion they
establish criteria for grouping their plants on the basis of observable characte-
ristics. This means that they must make decisions on which features are rele-
vant to establish ‘likeness’ or ‘difference’ in relation to inclusion in, or exclu-
sion from, a certain group or ‘class’ of plants. Linnaeus might smile at the
result of such activity done by a group of children, but he would be delighted
by the method.

Finally, some activities on animal life are suggested with great emphasis,
once more, on observation and finding relationships, particularly with the
environment.
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do Science

in their ENVIRONMENT
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Children orient themselves in this world. Continuously they try
to accommodate themselves among the many living and non-
living things, forces and powers, mishaps and successes,
natural phenomena and unexpected events, illness and bad
weather, joy and grief. They are surrounded by multitudes, and
they want to make sense of it all by figuring out relationships,
connections and explanations. They adjust themselves and their
behaviour accordingly. They try to conquer their world by
attempting to understand it in all its multiplicity and compiexity.

The environment is the children’s own: they live in it, they
play in it, they belong to it, they are familiar with it, and they
learn in it. This familiarity may give the false impression that
they know all about it. They do not, of course, and they have to
be prodded to learn more from it, and so about it.

In these worksheets you will find a number of suggestions
and ideas about doing science in the neighbourhood, in the
immediate surroundings, in the environment. They attempt to
give an answer to the question: ‘How can we help children to
use their own environment as a source of learning?’

You will not find ‘ready lessons’, simply because it wouid
be impossible for an outsider to make these up. Every school’s
environment is different from all others and therefore unique.
Explore your schooi environment, which you share with your
children, and make your own activity plans according to the
possibilities and opportunities offered by this environment.

Help the children to approach their environment, or
aspects of it, with a new, scientific, look, so they learn to view
it as a whole, in all its complexity. Some activities suggested
here do just that: working on a minifield, or a transect, means
observing it as a community in which we try to unravel
relationships and interdependence and other influences.

We start, however, directly with the touchable, observable
and very concrete materials and situations of our children’s real
environment.




\/\/Ol‘kLH.j oM a mi_na;fi,eld.

-Choose a piece of qround Which,
j-or some reason or another, Jooks interesting.

It meed not be of unijorm_ appearance.

Use skicks, slats or string Lo mark or
pes out a square of, say, 1xi metre

) yse a hoop.
Lhat 35\155 me
a round square

1 metre.

Now Skuijitkf'u'.s minif,‘glal cm—e_fully

and ma

-What lies there?

: & %
-What sits there? =
- What movUes Lhere ? 'W(' ,g,.. 1\.,‘\‘_\11,
-What cradls there? - 9 ﬂ@
- What creeps there ? <2 ,2
- What grodslkthere? \gcui’??f? .
- What digs arduﬁ there? : L-’m & ?,
-What lives there? ™ q =
-What made a home Ehere? :

rhis is nice
Qroup Wwork!

Let's WJork
l:oge“’t&r

onit.

I{ you take a condenient shape and measurement,
then ik is very easy te map H-u'nj_s accaral.'ely:
Various kincds of Flants, objects, stones, holes,
seeds, _fr-uits, .SeeG”l'Hﬁs, animals, droppings,
peels, throw-aways, and other bits and pieces.

) /O.Sé ny,
red p¢h<.—|'/l
recen[:/y...
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7_.__:)/ ancl see

it you can j—ind. relationships

belbJeen any of those Lhings you Frud i
youl’ mcnt?l&'fd = f A

Relationships ...

.. lsetveen irndididuals o £
chne kind, f ﬁ

Fel

A a o
, i

.. betJseen cln'ffere:-\f kinds,

...betJSeen plants and anrmals,
.- betJeen plants and PCOP{E
-- betJeen plants and things,

. hetJeer animals and Peor)fe,
... beltJeen animals ard tlu.:js

. betJeen l:A.'ﬁs and Feople

Could you Jrite cown What you find or think ?
yaq may drad, or sketch, or paint Lo make it clear.

Reltter: talk about it _first'.

) ound a green

Pul‘Ho_ku on
\a green sta“f Hndeg— bushes
All Soodlice cnly mosses j"o“r
Jere hi J'*j

under «a

5[?0'1& “F‘ I
f‘\ ,.')OlJ a
5Puder-J'¢b
’/\-Y:‘f’o_-k 0 _full of dead
a dead

J—hes

—_—

bll’d, '
It smelied :
harn'Jr! -? /\ I
\ " Somebon
/ ‘:rnmfaled all
//\ over oulr
yeaah! § > floders 7
i e —
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Mﬁ! L ook also for relal:ionsh:'ps

%;'q beltween (Ehings Within) the

h—tim"fc'elcl. and (those in)
%‘l the larger wWorld WJitheut.
Perhaps

Somebody

%
passes through ﬂ;ﬁr%;%#

your mim‘field...

- Where from?
§ - Where to?

Seedlinj.s come from seeds ...
“From WShere came khe seeds ?

Can you fl'ncl parenl:f:/anl‘.s around ?
Where ? Manj? Far a-Ja;( °

LLeaves lyinj aboul .. Jere bloJn from Where’

Can oufinci trees somehere near ?
Do t ey haJe similar leaJes ?

Look carefu”)/, too, at Whalt sits and liJes
umeclermnealth, and at the bottom of

Your l'l‘linifl'elc‘. - -

And do not forget Lo look
alk Jhat konj_s above il

~
lx obher Jores
.sl:udy youl-
minifield

With grcaL’
care, bul
nok in

iselation!

I} the children compare their findings
recorded on their minifield maps,

it wouled add meaning Lo Lherr concepl:n'an
of the character of a larger area.
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Minijield

and Maxi-use.

My little ones

love c.hoosinﬂ
Prel:l:y, Ioderﬁ

minifields ... _’ R
and then pickfng D
them bare! Mine N
_just make Q}
their oudn \ 7
minifields:
1§ they jl'ncl

My children
st’udiecl mini-
jz‘eld.s at Lhe
edqe of a
SHeatFreld.
.5urpr,‘5e v
"'/f:( it, koo’

there is no floder,
U-zey qo and pinch
them jram elseJhere!

My nine-year- 7 @
olds __l'us{ loJe \\\"\\,
Separating anel 4 )}
sorting “sorts’. (;j

g

\.fe, tmacle a
Vegelbation stuJy “/’\
of 3 larqger areas: l
a Jood | a hillside- >
wastelane , and
an embankmentl,

. My class
by samplinj anel ! "adopted”
comparin mini fields. mini‘f-ielcl.s
Then WJe spread cutl all /7:\}\, jor a year.
t1aps fn the as.se.mbly- vy Each child
hall, & N returned to
\ 4 his or her ouwn"

'ﬂl'm'_fie_lol edery

~ Season angf kept
ﬁood recordsof

Wwhat Jas changed

and wWhat Was perma-
rnent.

skrvin
of "'lini_j-l'elds
works “like
a ktLransect

and 7 does
1ol have Lo
be a 5(:4'4\(5!1&
{ine.

Our Leacher qale
each of us a
mini freld Eo Jeed
fn his gqarcden !
We coué‘ keep
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A Biojielc[ in Layers.

Look for an intere.sl:in_g
spot “someJhere Hearby
where there /s plen L‘)f af

3rodth.

Pe_g out a small area
of some 2x2 melres,

Ten ko :'jl:een. children
(students) can Work on lhis.

Form small groups and dlivide the Work:
i layers.

ko map Lhis area I §

Group I maps the area under fook.

Group IL maps the area as far as the ankles reach.

Group Il maps khe area up to kneelevel.

Group IV maps the area at shoulder level.

Group I maps the area above e)/e_ledel.

+Collect
you J-ind. note kJo:-l:Hy.

‘Make notes and fi” th a rouﬁh .skel:chmap.

ou Mma
sin_ful) collect samples.

- Take eJeryl:hin back
ko the \Jorkinj table
(classroom) ancl complete
Lhe map of the assigned
"larzer'" and embellish (L
With relevant samples.

A

It /'ze,lps
Lo subclivide
the map of

the avea.

our inftormation With care: Whatever

(where this makes sense anel is not

!
}
l
I
L
‘

- - - -
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Working on a Tramsect

A transect "cuts across”
Mmakes a Lransverse section oj,
a piece of lanec: a landscape.
It is a means of making a rmore
global study of a larqe* area:
more cletailed than an overvieds;
less delailed than a minifield.

Choose cn u‘nterestn'n-.ﬁ stretch of lanel
M am area wWhich sHouvs some Eransibion:

e.q. : - ehargin vegekalbicn
3 - the efljeﬁof aﬁcule:d‘oted _jn'elcl.
- cicross a ditch | acdune, a dike,
adam, @ Wall. an embankment:
(u.suall;_, ko compoare influences swuch
as exposure Lo sumshime or shacde,
or skeepnrness o~ .sJamf:.'ne.s.s or---.)
- bthe edje cf o Jooecl

i 5

' span a skrimg Qcross the area or ?J,%/
J-e_af:ur—c You Jish to iﬂlf¢.(hl;ﬂ€lte.

Limitk our~ observations Lo a maximum

of 2o centimelres,or less, on both sides of
khe sbr-imgq.

For beﬁinn fns

children it is ) tie knots
Bood to use in the sl:m'nj
colour ful ribbon. al one-metre
/ a_fl:e,n strelch intervals.

LJo ribbons or “THis makes

stvings,aboul

- it much easier Lo
30 L6 wo cenli-

loeate eabures

metres apart, accuralely anel to
running fmml- map Lhem
- lef. correctly

qj'l:erJarcls.
Oh, the _final ik too

diﬁic:fr“: to leave ouk
somelhing interesling

Which is "oul ojrbouncl_s.'
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NO!J jok the c“fijult Fr-n-l:: ’

A transect is meanl Lo brin the
investiqating child nearer- Lo
Uinelerstanding Lhe Web of inkter-
relationships bet Jeen livin

and non-livim thinﬁs anc atl
Sorks of other in /qencinﬁ ackors.
This might begin "to reseal some-
l:’n.inJc oj Lhe nature of Eransition
anel c“zonﬂe.

Right, but jiks/: [;h_injs first:
Children must first learn Lo
register carefully ancl properly
tkhose indings Which matter,
Which are relevant .

"fﬁe_y must be helped to ja‘ncl. What
is relevant.

uestions and suqqestions like
those Lhat fo!!ou Will help.

There is one qeneral question , Lo Jhich
all quesktions" of detail are related, and
thal should be kept in mind throughout:

"What do the thinge, the changes,
Llhe c:li.}je_rences, Lhe occurrences
alon LHis Iine "tell” me about
khis stretch of land and Wwhalt
lives or it ?

ARG
% ";\_a\‘_\\ for?
<& L

glm” we

.f\//?

$ake plastic
bags ‘wilh
u:??s ‘ Well,
Lo Fic“ up
» rabbit -
droppinﬁsf
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Queskions

to ke.e.p 'o::’-(«'nﬂ

- What _grods/liu’es here ?

f

How does it grow?

.. OF

inclumps?
climbing?
c_re.e.pfnﬂ ?

in bundles ?
tSining ?
sPreadlnﬂ?
jirm Iy on its own ?
solitary ?

or many tajel:her.?

How many Plcmt.s of tEhe same kind?
How many of Q ch'fferent kinel ?

NB. a kind s
often callecl
Qa 5Pecies.

Are all plants of

lj you cannok
count l:hem,
don'l Jakl'j: -©“ J
just deseribe @‘/
that tn Eterms )

o)l "manj ”,

“more’ pr “wmoS t

2o

the same species

°_f' the same hei/qht.? or the same

colour ?

ln what does 1L all ﬂraw).?

Where

cloes the soil
In colour ?

ou sSee o cl‘mnﬁe, e.q. 0
shed a diff
in campasil:n‘on.?

Lfejel:alzn'on,
erence, Leo ?
in Lexture?

Which other things obstruct or influence
ﬂrod&h of (/ejel:af:!'on?

ls the land
- Morth ?
South?

- East ?

- West ?

- the sea?

- a mounlan?

J—acihﬁ

Fhud 2 Vi v
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- rubbish?

- voecks? e ?

: assin eople !

. E"aterj? P
burning ?

: cul;l:,'nj? or modinj?

L

!
ol
N
W~ B



How warm (cold) is it here? Remember:

How wet, These are
How moist, at grassrool's quiding and
Hew humicd

“h eIFinj- to-look-"
qu eskions.
ou cannot measure

ede:_:(éhinj eJerydhere .

is It here?

How open?

Houw oJer_gn—o-Jn.?
Sample clata Where
you find Lhem relevant,
e.q.l? compare one
end of the bransect
With the other, or
a loder part With a
h(;ghe.r-.

How sumny ?
H o .shaafj?

How \Jinclj?

Ho;JJ'ar vas Lhis
area left undisturbed?
Or brodden 7 Or flattened? —

Or moJdn, Fl'cked_' eﬁkeu? Meqsul'e t&mperatu'—es;

Hnderﬁrounc[ (to s cwm)

Hou do the plants “imove- ? and 6n the ground.

uPdard?.gfde.dq;‘J? 5piral~J|'se_7
De l:hy rool at every node ?

Do not jorﬁet: Lrees are
Planl:s, koo, and so are the
alﬁae growing on them;

so are the mosses, livervorls,
toadstools, moulds, lichen...

Measure relative humidily
, ° lthe grounc aned amen
Do you J'lnd. bulbs, bubers, I;I{{_ Jeﬁesl:a‘:fan- 3
rhizomés rn the ground?
Are an ruils or seeds

Soil can be smearee
attach'ec to the plants?

on paper (the ma[:.‘) to
Show ks colour.

To preserve substance anel
bexture, “trap” a little soil
umrder scoltch Lape or a tin
plastic bag stuck ko the map
ak the vight F!ar_c.

Do other creatures
(or Hu'njsj Iie about,
rmove aboul, creep,
clig, bore, cli;ﬂ,;h'ck
or hanj aboul

\Jha': cied walk,
sit, gnad, eal,
spit] de{ecate.

To map o Eransect use a lon
.Strip of paper. Indicate the metres
(knots!) on a convenient scale, so you

moult , shed hair, can keep relations of space and
or leave other size with accuracy.

U"“‘j-‘ or Map your f:':-:ala'njs (ske&ches,.samples,
tl‘acks? l1cte.1, shzeqr;) :‘”"e_f"“)‘, either on a

preper map (bird's-eye view)or lengi-
Ludinal section (sidevied).

7

Q'mﬂ“"p“ﬂ’«”
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What are
(@Wm little plants

= made of P

/7t Root

Jy Stem (stalk)
& leaf - leayes

ﬂ Fiower

But.. is it really that simple?

Would it be a matkter
of words only ?

\«f"‘lat exac“y do you know when Yyou can
recite Lhis Short’ Iiskt ?

7/\2?? a little
\'{ it lan'guﬂjﬂ.
—  bthatsall.

And the p'o nts
themselves ...

What can l:he.)/ tell us ?

Does nobt every plonk tell us its own story?

- Rk you cannol
‘ study each and
Cderj plant !

Oj course you can
mel , butk you
cam learn to
“listen” and
be observant
Lo what the
plants have
Lo "say”,

Starl: by pa incg attenbion
Eo the s('.ru{t-f‘{-e. of the
plants you meel:

How do form and funcf:ion relalte ?

210



FOrrn. andl Function_

What does (the) form reveal
about (Lhe) junr_tian?

When in\le_stl'jotirﬁ lants and Lheir POI'L'S,
Reep qqe,sfions like lzhe_jo”o\dl‘nj in mind:

- Whatl coes it look {ike ?

~wWhat does it resemble (if anybhing) ?
- How is it "[Juk tigether"?
- How do its Pm—ts fit I:Ojethar.?

- Hod are the J'oined ?
- Space, distance, nnjle ?

- What does Lhe P[ant consist a_f?

- Jcod.’ Fibre? Edible jreen? Coloured Par[‘;_’

EsFecu'a”}/ when can.sidem'nﬁ parts ofq P'ant:
* What could be iks J—unction?
- What purpose cdoés it serve?
le Lhis ks _funcl::'on?
. Whalt makes you think F /s ?

—rﬁl.lll(l-ﬂs,
Hypothesis,

Experiment) -

Science .

= * Could you Verify Lhis? How?
@ - Could it be d{j_fererlt ?

¢ 2

F - -Are there difjerent fae-m.s

-~ having Lhe same fungL‘l'an.?

-Are there similar forms
hnd’inﬂ dn"ffec—cnl‘ functions?

Whal do Je
=) cdo Jilth such

7" abstract quest-
10mms ¢

l.JeH, ind a
P!qn anel
trake Ehem
cotrcveke.

There are Various \Ja_,js of doin_s this.
TWo examples of possibc a:ti.}il:iu_follo-.".
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Keep Qshl'hs Lhe j—orm-and—fqnch'on questions.

I. Ask and COmPore

Go outside and collect some (3 te s)
Common Plants, Dl‘g them oul carefully,
WJash and rinse them and put them doun
one next to the other.._

We should
keep our

voolts on,
Shouldn't
we ?

l.ook for Wwhalt (s the Same,
land different) in form

instructure

in attachment

in coherence
th colour

Use a handlens and .
note all details: 'mt‘he-" th
Do you notice prickles ? n tekness
airs  ? _in Cross-section
Where stings 2 in circumference
can you find thorns ? I Strené?l:l't
them? fibres 2 LRt l‘-ul'_gi il:y
jluj_f ? ih com ositiion
How Vires  ? in arrangement
are they scabs ?
atbached ? bc:ms, I \Shere do Lhe roots go
r'id_gss > over Lo become stem ?
What grooves ? *How is kthe leaf attached
unction skripes ? Eo its stalk (Pebiale) and
:lould7kh¢3 lholes ? Lhe stalk to Lhe stem?
ve ! i ?
@ f‘_'nl;s 2 « Hou does Lhe stem branch,
HO.J mﬂﬂj knot.s ? or grakr branches ?
can you find? | Waax 7] Where anel how are lLhe
c fatby stuff? flowers allbached ?
t eleim ?
oy count | Skt || fat shape do Ehe evoss
: hooks » sections of stalks
Anecd What paH:erns? :gatf;
else do Spots 7 leares have?
you j’ind? eaJes aJe !
- How ma:?/ colours do
you J'in n a Planl:?
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1. EJer)/ Plant vants to become SomeU’LirB_

l:\rery plqnt s equipped te _germinate.,
Lo row,
to bloom,

and to l—epraduce.

But... no Plonl: lives alone
E\/’erﬂ\.rhere. there 1s a Skruﬁgle f"" lij-e,---

What does the PlanL’ il:sel_j tell about
its delbermination to live,” Lo surJive
ane to reproduce?

Structure and form oflLhe Whole plant,
as Well as of ar‘:j of iks parts, reveal
Something of khese j—unctlons of surJival.

What can you understand of this kale?

--. OF make co:—nprehensible ?

Go and colleck each LJo enkire plants
of the Same species.

’[T"['eh. make Qa dauble whole 0000000 Eapl;;
piece of work : R

On Lhe left: R w F*

What cdoes the #,

planl: as a whole ) ﬂﬂ

tell aboul itself ! =

On the right: )

Whal cdees each : @

Pan—b conkribute

ko this story?

(:natural history)
or: Whalt does each

part Lell aboul Jj children use
itselj and the iﬁerent species
Whele plant ? of plants, khey
fan arrange
Eheitr Jork so
—Repeak Lhig that many Planl:s
With another bell their story:

Species of plant. let them compare.
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Plantwords

[t is qood tor children
Lo colTect Certain Jords,
Mames and terms, and
become familiar Jikh

%‘ Terminalogia.
botanica
tlheir m aninj and their

use , so Ehe/z.( can af better understand Lhe
_bl'olo_qg of Plant.s,

There are: bl better remember impon—l:anf

. S, cf beltter distinquish betJSeen
-g,c:,:’;‘jm sed. J species, or kinjcls, Jhen
-DPud - - - aPPro‘or{ate,

Thll—l’_g-\.fov—clg: d/‘baktek communicate.

o)
R erry Children like
Bud ) .
-Rlossom “1;"1"";515“’:1- on
-Axil "oilan oo §33
"gi“e' ‘Z;:h , ,bes;'lc;les
- tiole athering allinfor-
etio Fgah'on. l:h% Jar{ft‘.
W ds- they can also collect
Nome, or Lréir PIanl‘JorofS
:Meoss alongside picturecl
.'E‘,:.;g,s /.}07 .Jreierfed. Plar[nl:s.
- Hod them paltient
-TF;OT;L [ Lime /n plerﬁ' Lo 4
- le a complete” it to their
- -leather oJin _Sm':i.sfac.l:ion.
-’\!—a—‘?—‘"—a Oh )neder_f-‘ni.sh.'
-Teasel ) keep adding fresh
-TZ‘[,'P Peages because !
'?aen:rsnip {}e_g,:l'(-a'no‘l;'nj:eu
ecor en OrelS aned ne
'Copseltla bursa plan kst
pastoris

TAKE CARE!

“The labs are and remain
n-nPorban.t. Words only Seirve.
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WHERE

co all those

little Plonts
come J—rorn °

(
ok tddhcdar Sl

An)/ bare Pakch of ground..

Any dujﬂ-lp J"od&f'bed.._

An J—reshl)/ Jeededfronl‘fﬂan—den...
fn

i1ls Jith litkle plants in
J-\Jlmf: L:rﬁzen»is to be nPo Lime... Weeds all ofer!

| E CEPEOI'mI}/ is ajo.scinql:inﬁ_prob!cm

-Do go ancl search around your neighbourhood .
Wwhere do you J-ind. many plants of one kind
to_c!el:her?

- Can vou tind "parent plants” and “offspring”
Brod%nj j.side_ @7 jide% ff prna
Do not only look for seedlinjs.
try and find rdnners, Loo, and
cliﬂ into 'hegr0und,3ehkly,araund
fresh shoots”

- Ha\!e a close ,oo,( at a "landjul of soil.
Use a hancdlens. Can you spol seeds?
O bulbs? Or rhizomes With nodes? Or...
. )/e__s? How many ?

- /NO ? Well, pul./\im Lrodelful
of topsoi| in some vessel.
Keep it moist and Jarm. .
Cover it —or put il inke — a
Pla.stu'c haq and look What
hqppens in a few da)/s'l:fme.

Go back to where this soil came jram and look!
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Myskery Seeds

Scrape J—Ve.sh soil
Jrom under your shoes
or boots after WJalkin
in the :field.s" o~ i the
Countky.sfde.

Or collect goil

J—rom a Jell-useecl
cloormat.

SPrian tLhis on Lop of
some Ssoil 1 an old baking Ein,
Or Something. Moisten /L and keep
tt moist and Jarm _._ Wail ...

al:feu“y..- @
amnd see \Jhal:/c,ro-.)’.s of!: of ik ;. .°

“+Hen go out ancd see if you can
jihd “he same plants and look
Ir\S"laE their seeds atre like --- (.})«aq canfl'nc!dny)

’I-')roblem 4
"’DAJ Cam ypu be _5u|—e_
or maeke sure, Uga.l.‘
Lhe seeds Jere in
the soil Ehat came
rom your shoes or

doormat ¢

Yts, aned mol
alveady in
the soil in
the old bakinﬁ

Ein?

Tust heal
the - .

seshhh...

Lel the children
talk aboutl it

il’.St, and trj
to jind a Jay
out oj Ehis pwoblem..

216



What is a blossom? What is a bloom ?

.ﬁLe loder.
chilelren, 1s
Lhe repro- °

° Tt\l' lanquage
cduclive * ﬁ j
1655011 maj
bhe useful,
ts mn:)! bqt o
up oj .
these Does "The
( perts: |, The Flower . -
Pistit, Fl ower
Stamtn, corslla, L[.L_L/,Ll . o
blah , blah, blah, blah, existk -
blak , blak, .
blak . Go and jind 1k

In the Bal—cl en.,

Collect a variety o

lovers and
b'o.ssom_s. 'T':y anel ldentij—)c khose

parts in each bloom wWhich seem
to have the same _f-unction.

Divide a paper so |(Petals
that you can stick
ov the or ske(:ch.
arts of lowJers
Which "befanﬁ"
EOjeH‘leh

Sepals Tratil | 8kamen OJary

He_lP Lhe children with proper terms WJhen needed .
Use 'pins, (a razor) and handlenses : tiny floyers
Qre jlok}ers, Loo.

My mo(:he.n’ says
her eramiums
are good bloomers

m Grahr\
Wears them.
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,ﬁ (Anthriscus
T sylvestris)

Lhin cross-sections

jrom a P’a"‘-t

at different Flaces

rom bottom

) l:oP-

This s another Way
oj lookinj ot Plants.
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C,osstj’)/i.ng Plamrts.

F‘oa— this you neecl qqite
a few plants...

Please.

bear in mind
Lhat Lhis 15 a
look-and-think
exercise. The
}inal resull is not
Lhe most important

Bejore local frontgardens
gel ruined or Lhe floral
environmenlt becomes de-
opulated, look for a
convenient piece of qround
Where many common Pla'nts
oceur,

Lelt children form groups
of five. Eachchild™is to

collect five different plants,
I'nc.ludin{ rqﬁ&jes. 'r‘E.';

results Tn each group
@ \'Jor'kinﬂ' With 25 Plants,
Which s enouﬁh.

Divide all Flants n .t_iQ
groups.

o \.”17 co you clo it this \Jay?
o What do the P’ants in one

gqroup hade in common?

© Does this exclude Lhe opposite
group?
- Brieﬂy describe and

charvaclberize each group.

Children should Lalk ® Divide f:k&([_'u’o)jroups
and discuss anclmjue agarin into kWo groups
about Ltheir clidisions,

Jor their choice should @ Then once more cliviele

be based upon the ang- the 4 qroups inlo tJo ..
wers to the Que.stl'ons:

Why Lthis choice of division? ) anel again ...
‘Jl‘l{f clo the pfan 5 inone 3

Group have in common? @ and again ...

My un:lc
Linnaeus
c-”.i “’(aL‘

"(axano"'y

A briej deSCriFkl'on unkil you cannol divide
characterizing each a grou any imore, because
qroup can be Jritten ERevre 1's Dn(y on_c(kind
on a small piece of a_!—)/:)lqu let init.

paper, or a card,
Which then can serfe

as a label Lo eack

group of Flan(‘.ﬁ.
See)‘ollodirﬁ page.

Ydid ik
my Jay.




KE)_/_

[k will be rather lf the children manaqe Lo
difficutt jorkhe divide and subdivide their
children in Lhe collection into yes/no groups,
beginning ko spot and to label each gqroup “accor -
exclusive charac- dingly, they may get something
Levistics. Talk like the fo”auJinj Paffern.:
With them, argue
With them, and
help them decide. 9;1?.:‘&;
~ merva leafnerves
g‘.. ‘) :::{-”;l * oranched
- \ /\ /\
Slowers: tlowers: \J'oady not
ears bigger woody
N kg [
9 °> n RN 06 'Sb \ob
Ny o o & o Q\ w
qul'n-E done all this "properly"'
you s ould have a slmF!e ke
by Whiclh to "l'den.tify" the Plan(.'s
‘n your colleclion.
o
)
A
©O©
4
N
|72
ln the same Way you can compose a ke
Lo "l‘denl:ijy" -Jnuykumn leaves P 4
:ﬂ . stones , shells, coins.
@ . or even the children in theclass.
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Minibeasts and Enviromment

Environment” is a very difficult concept,
and children Orlly bagitn to form it
They neecl lots of time and plent)/

of "Suppor—tinj" experience, Do not
ol:l:empl: to 2xplain' it in Words.
Environment has 50 much todo
Jith the interaction betJeen
'r'dn'nﬂ organisms and eJerybhin
around them, in their immediate
Sukroundinjst o [he gotl

o the moisture
o Lhe lumidit

o the temperoture
qu ‘\ad canm [ l:hg aivr and the Jind
children Jearn othe Jeather
Lhis Jery climate
complex Season
Mmatter? clouds

raim
sunshine

© the position of the land
anel of the (ground) Jater.

o the pred‘aih’r\j phy:ic«lfeatures
othe geolo y
© ancd all other U’linﬂ.s 'I'L/l'ﬂg

or deﬂd, .
‘- l,

Lhou sluqgard,
W—Iiw COnsidefsheu—

Indeed , Jhenever children
Work With minibeasts, they
Should work Jith Eheir

minibeasts' endironment as
well:

- Where does it live?

- What 1's (t like there?
is it dark there, or light ?

wWays, and
be Jise .

cool or Jarm?
moist or dry?
- Does this minibeaslt WJaik ?
or Iy?
or creep, o cradl, oslither ?
- Uhere aﬁves it sit down or perch?
e How? .

\ - Deoes it diﬂ? Bore? _SP.‘,.,?BuiH?
/ - Have you scen it eat? Jhat? How?

- Does it live there where you say it?
«~ Does it grow up there?

If you want Lo keep a minibeast...

. Can ypu
make a_good home for il?

221



L-in-eayy
ot e,

o

Do
#~ Lthe same kinds of
#~ minibeasts live and thrive ™
# n different places ? For instance: .
¢ F tloJerbeds, railJay embankments, farmland..
& ladn, road derje, he:{gerad’, garden, hitl top, W\,
0 fdodn, dale, ditch, Jood, brook, pool, pond, meaded 2\
<’) /Oy is Lhere ?somefh:'n_g in different places Which is \
f the same ! . ?
/- Or, Jhat s Parl:.'cular to t‘lg:!’ j:rl'm'?su;:r;‘?
different Places where Hou lﬁhk ‘s ‘ijht ?

e Same minibeasts [ije? :
[ of cifferent minibeasts live? Hou do you measure all this?
lulHe beasts, that

\ live tha similar (or in
Bthe same) enJivonmenl, |
% hade anything tn common?y
§ Colour? Shape ? Eyes!Skin?
Brenfhfnﬂ organs ? Lejs?
FDo litkle animals
Hehange if their endiron-f
chanjcs? How? 4
#What clo they do if and f
# when you yourself change /
# Lheir endivonment? s

the place tell you
f °nyfk~'nqh°5°ut the (:mqllj

b Is it moist or dry? Yabery? oo
\ light or dark ? Warm?coal?

Y Overarodn? Open? &
% Screened?
X e )/ou,
koo,

belong to Ehe

enfironment of
mini beasts...

animal(s) That live(s) Lhere?

te!l you qn/“linj about 1ts
natural endivomment? “Our enviromment
is Jell suited,

I‘ley Mama?”

Ob.ser\finj any minibeast:
! Jhal characteristics
timake 1k suibted Lothe
P,ace Shere ik lives?
d Whal- characteristics
bof Lhe place make it
3y a suitable endiron-
L iment jgr ptrl’«'cu-/
minil;tn;h .

a%%

J

.YGS. dear, bul Ehe
Club of Rome warns
us nob to use 1t uP‘ "

Do l:key {ive
so(itaryf In pairs?
'njro&«'ﬂ}? rin
multikudes?
Who eats Jhom?
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NO[ZQ Be.ne:
Observalions made by children

are always Valucble,
bul Lheir '|'|1t¢rpr¢l:at.'on_1"
need a likttle caubion...
anc so do your own ...

ane certain"j Lhose of schoolbooks .

Conclusions on (e.q) animal
behaviour, or form and function
relationship, are easily jumped at,
OI’J'uSL‘ tc«fen forgranted.

“The "Jhy" and the "hod” of animal
behaviour can often be related
Lo the enJironment vn Jhich
they live , buk no more. Nothing
ey

is ‘self-esident.

Nevertheless, children should talk obout their
observations and discuss aboul possible
"|1te|—Pretat|'ons, but then 'n the sphere
of *) Lhink that! , " Coule it be Lhat...”: ko
hypothesize is fine, because it leadls to:
*Chall WJe L’v’y and '/erify wWhat WJe Lhiak?"

Help Lhe children to base
their "explanations” and
"interpretations” alWays
on their own observations,

A
And enhonce Lhese obserdalions &P—-
by askinﬂ ansuerable questions

Why cloes thak
caferpillar have
bristles ?

Tﬁi.s (s
Gﬂood exnmple of

a bad question.
[tk /s nok ansWerable.

Foi- a goocl question: W
Use DO-or LOOK-Words:
Whalt .does the caterpillar do
Wikth (ks bristleg ?
Are they soft or have ?

_'\_ And what to think o_}:

L“'lj has a CEnL‘ipede a
hunclred jeet.?

Write o better
centipede quest:‘on
b&[o«J:
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Chapter 16

Children, mirrors and reflections

Introduction

Mirrors are fascinating things to play with as well as to work with, for they hold
an-element of magic. Magic and science seem to-be at odds, but net necessarily
to children. An exploration into the reversed double-world behind the looking
glass may well retain something of the thrill of the fairy tale and so provide a
strong motivation to pursue some real science. The fairy-tale mirror does not
exist in the real word. Every child knows that. But the mirror does and so does
a child’s wonder about its workings. It doubles whatever is in front of it; it
shows you your own face; it makes letters look funny and, at first, illegible; left
and right seem confused; it bounces sunlight into a bright spot on the wall; and
in combination with another mirror it seems to keep on reflecting reflections
infinitely.

Mirrors are universally available and cheap to purchase; children can
easily be induced to borrow a mirror from home. Any piece of glass, especially
when blackened on one side, makes a workable, though not ideal, mirror. Any
shiny, smooth surface can serve as a mirror. In fact, the shape and form of
some ordinary shiny things, such as teapots, wheel-hubs, reflectors, Christmas
decorations or spoons add to the challenge, for they make things look diffe-
rent.

The activities in this chapter need little introduction to the children: just
provide them with mirrors, and slowly structure and order their investigations.
It is a unit of learning which entirely depends on the children handling mir-
rors and other things they need. By direct experience and experimentation
children will extract information from the mirrors.

It does not take long for children to start exploring when mirrors are
placed in their hands. A certain amount of free exploration, as a ‘getting-to-
know-you’ exercise, is essential. It focuses the children’s minds on an area of
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Children, mirrors and reflections

science; it generates initial questions; it opens a perspective to ‘what you would
like to know’ and . . . they do it anyway. However, free all-over-the-place mess-
ing about is still somewhat removed from the scientific inquiry which the chil-
dren have to learn. The teacher is the one who should bring order and system
in the children’s explorations and turn them into genuine investigation. Hav-
ing noticed the children’s interest and the direction in which it seems to go,
the teacher intervenes. Sometimes the work is stopped altogether and the class
discusses possible lines of investigation which have opened up. Sometimes the
children are involved enough to be given, individually or in a small working
group, a challenge in the form of a problem or a new piece of equipment.
Questions and tasks may be given by word of mouth or by an appropriate work-
sheet. In all cases the work of the children is given more structure, direction
and system; it is ready to become more scientific.

This chapter presents a number of ideas for children to investigate various
properties of mirrors and how they interact with light. A number of pages (par-
ticularly pages 236 to 242) could be copied as they are and given to the chil-
dren as worksheets. They suggest some problems and indicate how, with the
help of one or more mirrors, solutions can be sought. Many of the ideas and
tips given on other pages can be transferred to home-made worksheets.

Any unit for children is a teacher’s resource. Many ideas and suggestions
are given, but they still need the creative teacher to turn them into children’s
activities or investigations at the right time. Even ready-made worksheets stiil
need the judgement of the teacher as to where and when they should be
employed and whether they should, or should not, be adjusted or extended.
Worksheets are there to facilitate the work of the teacher; they are aids, tools
for the teacher who retains responsibility for ensuring effective learning
through the activities. The ‘Figure Cards’ and ‘Sample Cards’ described on
pages 244 and 245 need to be made by the teacher, after which they can be given
to the children to solve the problems they pose. Making sets of these cards is,
of course, a very good teacher-training activity. The technical problems of
making sets of these cards is slight. Those who cannot draw can use very sim-
ple figures, make a stencil or use small stickers. There are so many ways to
make this easy that it should put nobody off. Apart from the work of composing
pictures-to-be-matched, one is compelled to think. Perhaps there should be
‘easy’ sets as well as ‘tough’ sets; what makes a scale of difficulty from simple to
hard? Would you include a few cards with an ‘impossible’ problem (such as the
example of a card on the left of page 245)? It would not be bad for the children
to realize that in the world of mirrors there are things that just do not work.
Mirrors with all their ‘magic’ obey strict physical laws. A few impossible figure
or sample cards may start a lively discussion as well as provide an opportunity
to review and summarize the children’s findings and ideas so far.

There is no definite sequence in activities provided here. The teacher
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Children, mirrors and reflections

should use his or her own judgement on what to start with, and on how and
with what to continue. The teacher can add activities and inevitably the ques-
tions of the children will lead to things not included here. It will be helpful to
have other sources and books at hand, and to use them as the occasion arises.
Periscopes, lateral inversion and angles of incidence, among others, have been
left out because they can be found in every school textbook.

It sounds rather ambitious to expect primary-school children to under-
stand the physics of light and reflection, yet by way of encounter and interac-
tion with mirrors it is entirely possible. Of course, ‘reflection’ means little or
nothing to children unless it is there, present in the mirror they hold in their
hand, changing when they change the position of that mirror, or multiplying
when they move another mirror nearby. Accumulated experiences, encour-
aged or suggested by the teacher, ordered and reflected upon in discussion,
formulated in words by recording, and given specific meaning as verification
of some hypothesis, may order themselves into patterns of understanding; and
ideas of a higher level of abstraction may evolve in the minds of the children.
They may find that searching behind the looking glass need not be magic in
order to be satisfying and rewarding.
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These worksheets are about doing with mirrors: about getting
children to interact with mirrors. You will not find ‘lessons
about mirrors’ in them. You will not even find any ‘useful’
information about mirrors. What you will find are a few starters
to get children to investigate and solve problems with the help
of mirrors.

Once the children are off on their investigations, be
prepared for all sorts of questions. Don’t let this alarm you, for
either: (a) the mirror will provide the answer (and it is good to
learn how to ask the mirror); or (b) you know the answer, which
makes it easy (well . . . 1); or (¢) there are books available
which provide an answer; or (d) the answer is simply not known
by you nor by anybody. Well, let it be so.

Mankind is still learning, and we are not omniscient. That,
too, is a very good lesson for our children. Periscopes, lateral
inversion, angles of incidence and like bits of language and
technology have been left out, for you can find these in every
school textbook. So use these terms where appropriate and
called for by the interest and questions of the children.




Mirrors and 2poidsslls@d

What shines
ond mirrors This is QjOOCL starl:u'nj
1 all around ? qu:stion. Manj surjacu

shine and reflect light,
some more, Some less
than mirrors. RII he!p
to understand hod l(j/\l.‘
is reflected

Write dodn five
objects, seen from
Wwhere you sit, and
lace Lhem in order
of "rejlecti\ribj"

Coule you
make a list
of "mirrorords ? Look
- mirror {or l:l’u'njs
-shine which shodS
-reflect or-do Jhat
- radiate Lhese Jords describe.
- bounce
-ﬂl{sten Examine Lhese oEﬂ'er_ts and
-glalJ Lry ko _find. Words Which
- gleam arther explain Lherr
- gTint re_(le.cti.}e gualities, such as:
- polish smooth lass
- s parkle polished '?,_Jely
- Image b irnished flat
Jaxeel unru_ﬂled
Jarnishecl bald

This helps children Lo
de\fe.lop an e C_ft:k
(rele\lan.l:) Fl\ysica.l

Properties qf Ehinﬁs.
Besides... ik helps them

ko discuss sensiblqy abeout
Lheir cbservations.
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Sit arouncl JSikh your children and discuss
all tegether your experiences
anel observalbions; raise questions,
Sugqesl possible ansJers, propose
C:I:Pernmen.fs and agree on Jhat
Locdo, on Jho does Jhat, on hod
ko e abo«l: & and hod u'l: all shoulcl
be recorded and communicated.

Hod 0‘0 k‘u'n 3
become h’Ee
mirrors ?

?u‘pp!es n

Bo;‘.' Glass Ehe WJater v“ \\‘b
mir-ors make it &

ecl: j—unnj nirror.

loo eba -

al: ll: rom

r;FFFJace in ik

Spoons ond leqa-
P°t5 and water-

kettles are_fme o
mnraors ’ ke ”‘j

Kitchen {oil 80 do my

reflecl:s Shoes ,
ul it does providecl

nol: mirror ) lade
Falf.shecl

Ehem?

Likkle shin
round things
like buttons
make thm s

look ever
So t«n./n( ﬁ®
-
"&%}

Qn GCIuarlum
is a_f:ne mirror.
Look at the
Sutrface from

belod, CJ'Gerlunﬁ N

5Jims upside )
cdoun ¥ ;‘/
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Mirror 25 YoyyiM

What makes

a mirror
a mirror?

o
L)

voy 1'mob \(HW
Joyviet ad3 A2o
o_f mire-ors

.j S i
= f‘/\ H tl 9 j [
(el \' O:O:-‘

to do Ehings Jith? i

RRNGRI oy

Oh, but then
e need loks

T—'ffqal: is the Jay Lo ask Lhe mirror, so see to it

that there are su_f_ficient mirrors ovailable :
af —Brinj Some your-.self
y Ask the children Eto borrou

all sorts of mirrors from
home: small ones, biqones;
mirrors Lhat enlarge or
diminish; rear-Jied mirrars;
Spoons, c:jjeepot lids, butlons,
christmas decorations, copperplate,

buckies, oumpers , as long as ik
mirrors.

< Lek the children Jork in qroups
50 Lhey can Jork Jith each
okhers mirrors, and share
ideas and experiences.

Questioning, doin
_j—l' urinj oul and veneJed
qn-«estion-'nj Will _jo“od naturqu,

, Erying,

What follous consists of Eips, ideas,
Suﬁje_stions, ﬂenl:’e. nudﬁes )
~ Some paqes may be (photlojcopied
as Uor—ksheetfjm— bhe c"\ildfer\..

Remember: Lhese are onl/L‘ starkers ©

Aded and chan’ge Wwhatever you WJankt:
you and your children are the boss 7
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Children can do a lot with mirrors

t IVE them mirrors
_T;s 9 i r--_ and Watch

(g )| ko ?
) 1 me ?

In the mirrer... you can look at yourself (or others).
you can look round a corner.
you can ook in your moulkh

With Edo
mirrors
ou can

look behine
\/oul- ears .

U’ you hold the mirror above
your eqes or your head :

I: eJerything looks upside dodn.,
2 and (h this upside-down world
- you can Jalk amd jump,
-‘shake hands,
?3 - Jalk a slalom through a line
y J of chairs or stools’
v - P'ace something in a maltchbox
and laut it on a table.

3: ou can Lvy and follod
>C/l snak lﬁne on L-jhe
raun&j.
Drad the “H.e or
use a rope or a
ﬁarden hose .

-never step on ik,
- keep it betJeen your legs,
. ned‘fr look at il:,y 3

- unless through the mirror.

y: Fow lonﬁ can you
stand on onel:g
th your Lo Sy=
l:urd'y Jorld'?
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‘r’j and Jalk
wa/qh the

(aned out 0‘(’ ik

under
look into the
mirror held

steadj, and

J'acu'nﬂ upWard.

.Sdnoalbm'ldins

by Eﬁgjrpn fJom—)
koldinj amirror
our chin:

Can you mnl(:

%
A ’o" a full Jace out

- of a half?

llod oo
Jo juo 9307 .~
Soapo llplw 2

\S¥/)

With two mirrors
you can ...

Well,

75

of R,
\ £+ d &
Ng2 What (3‘}'%1
can you =
do With kwo
Mirrors held

aEunAanjle?
{
SN
/e

AN

)

Look at )/om—.selj—

in this 30° combination...

T}j k“ll-s :

Place somelthing small
betJeen bwWo mirrors
lheld “P’;ﬁht al an anjle

Count the images and
measure the angle

C”lan{c‘e Fhe qngle and

counf Lhe images again

Note \J"H:\L you jet
ok 190°: '
0°: - . .
6o _ _ _ _ "
45°:
30° :

- . e - “110325
M

Make this ints a
,simple graph: x angle

y no. of
images
Can you now iqure
oul a

J-armu a which
_gn'des you the number

of imacges - a
qfnjle?g J’o "4
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then Wink akb your.selj..

Can you ezplain. this?



WRITE  ,our name

1 mirror.sc_ript

(Lhat is: so Lhat you can

read it in the mirror’.)

2v191dslxrold ni

cJATIGAD Ui

T Y

Asivd o wond ) >/ou are allowed lo
use kricks, bulk do

tr, it withoutl tricks

J'irst.

>/ou may Write
mirrorWJords” anyu}here:

oru Pﬂ PEI’

on Lhe loor thefraund.,
on the blackboau—

BEnq a_nrH ,‘WT
41 blod bro 49 vo
sdd daminpo qu

jdell

Which lektters of the alphabet

do mot chanﬁe in the mirror ?

HEEENEEEN

Can you write whole words

which do not change in the
mivror ?

Or a sentence...
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Mirrorscrabble

A mivror reverks l'.hin_gs

u
P .
T\ A
d @]
d -
g
/o N
a‘@ A laterqll)/

BCDEHI KOX

A
<

Hold a mirror on kthisline to refleck
A M the lekters above-
Can you make o whole Word

Which looks the Same in Lhe

\

152

U

3
22 mirror? or a sentence?
o
..nf Vith Lhe letters above you
I o s can Write HOI'l'zanta”y.
S O
Qo \With Lhe letkers on the left
) ou imay imake Verkreal| Jords.
<8 7 A
v X L.f And ... you could make
) quindromes.
g
ol )
l-l Y £ "ﬁ\ Anyg (Sea
ol % - Whal a
_5? [ - palindrome
=
I3

§‘-£;:- 5
‘o}. rol 1 NI
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DICK BOXED BEDE

-10x P — P>IPIT

C°P}'> Lhis sheet _}Or the children.
Glue the leltters on thin cardboard,

and cutl them out,

Now you can make mirror-scrabble
Words.

Could you invent a mc‘n-ror-scrabble-_game?

Make up your owit rules.
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How man mice

can yod make With
one mirror ?
two mirrors ?
Lhree mivrrors ?
more mirrors ?

What ditference(s)

do you see

when you “multiply”

Lhe jir.sl‘. o Py

Lhe Sseconc mouse?
X

Dl’ow or describe
aj the position
Y ofPI:he. mirrors,
bJ how the mice are
.S“‘.L‘inj.

What more

can ou do
and Find out
b With mice and mirrors?

And. \Jl‘lot do

‘when you miirror
tiny mice ?

*or a picture of yourself?

or a pencil ?
. T or ...
ﬁ | o" o

you can take qnyl:hin’g-

)/ou Bet

Even with Lhe word

‘mouse” you can
make somelbthing nice
using two (or more)

M B u 5 E mirrors.

Try ik and draw
Lk

resull.
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Dvraw what

you can make
out oj each of these
ft'gures and o mirror:

AOWIIWUAW
YAIOWAIA/N| .
Lews Carroll vnomotiq sb my ,gibord wiW o
1ot (hithh 38t ben gilind waT ustws 1 ol bk Asbroorbed
>dow 3t ni s¥dmig bes awg HiGQ

A390g0108 241 smam amien WA
Adotgine 14wy smom 3d1 bah

(85\3100 3b nvrow motd sl
avind wb as\iuld 2" {8
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Dl’QW Lhe fijul'es (left)
Qs you Will see Lhem
when you lace a
mirrorr om khe line.

Onlj after dradirﬁ can you check With

our mirror ancl see how correct’ you are.
Y Y

2%
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Take a sizeable mirror
and hold it j—irmfy above
your eyes, orFQSH h1jront
&0 that yod, looking in Lhe
mirror, look down upon
Lhis paper.

Then follow the instructions underneath.

OFO+F Nonrveh-
{ coeq !
FPE b P,
266 Non Qr Q
ag ener ) beprojbnub
co avg by nb
1N FPE WIKKOL;
Keeb joopiud
Nonk bewcijboipf~

roQq -MIFY
ajoud fp!e

g) Dtirs

i,

o2Mal|0m

1B | b

Did we go w,
ot did we just
come oubt’of
that pu.b’.
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Mirror-work anc problem cards

\A/lLI'L Ol‘l:‘l

anel an’y mirror
you can make man
pictures.

@ Taste

trees, landscapes,

on Lkhin carcboard

anel see wWhal ik
becomes When you
slide &« mivrror
across ik in any
irection ...

ickure

4

faces, houses,

..-0r ko challenqge
one another

@ A real Frolo!em carel:
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J'u.sl: for fum ...

Use a mirror
and Ethis clock
ko make:

of Breakfast time.
.Q.School Eime.
5{ Dinner time.
9{ Bed time.

ef Free Lime.

_f/{ No Lime.

or any time



@ F‘-fﬁure Cards

YOU neecl one "Jiﬁure care"”:

Fiqure card

>

and

a sel of Prablem carcls.

F
»

The Problgm_ ie: With Jhich of Lhese cards
-amd a mirror—- can you
reproduce Lhe figure
on the fiqure card ?
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@ SamPle carcl Pl’oblelﬂs

This is anolbher set of problem cardls
wWhereby a mirror is used WJikh Fhe
“.Samplg card” only.
e problem 1s: ‘kEry aned copy the
confiqurations fo:-«ncl. on Lhe other
cards. (Can you, or can you not?)

T

Sample card

NG,
These are only
a fed examples.

You

Camn

make
lﬂqnj
more .

Make Various such sets

perhaps a

nice prﬂe:[‘

A P for Help_ful »
" : = Parenl:s.._? )!,2:_‘:?
wordds 1
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T he Problem of the Mirrorwall

lmajine )/oq are inaroom
one wall of wWhich is one huge

mirror. t)/ou are tn the COmjnny
of a solitary Jase of flowers.

mirrored Yoom

mirror Jall

I 7 /A VA

room

. 4

yourul} Vase of
jlowers

>/au stand at the SFOE indicated
(4]

n this fan anel you are lookin
In Ehe mirror at'the Jase ofﬂoé’ers.

Sketch n pe.ncil the direction
in whiceh you are lookirt.ﬂ

Rjter dradin youl-"h'ne
o_f Vision™, By all means,
cdo check With a mirror.
...Bul do not qet
co.mfu.sed..
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The Problem of _the Rear-view Mirror.

Shine or tempest, my car is parked. outside.

} hadl mot Jashed it for quite some time..too long,
and so ik happened that my rear Window |ooked
somewhat ﬂrimy...

A naughty liltle he_l'_E(MDOuI—-JOOy scribbled on it
With & wek finger:

A': jir.st ) eid net notice anyl:h(n

g
wunbktil | boarded my Uehiele ancl lookecd
into my rear-Jied muirror ___

\Wwhat exacHy did | see ?

T:(_H :ntp Ehis
mirror imagqge

«— rear. Jiew
OJ my vear Jincdow

mirror
WJith
what') actua”)' mirror image
dic see. 3{ rear -
indod.

Please, hodd do you ex[:lcn'n Lhis?
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The Flexible Mirror

Flexible sheets of thin shiny metal or
losl:icizecL oil make beauk:ful J—lexible.
mirrors, but Lhese are nol easy Lo obtain.

A sheet of acetate -overhead projector
transparency- fixed. onto q dark,Black,
paper makes a Very gooel substitute.

Position your.selj acing a source of h‘_ght
(alamp or a Windod) ard halding a darker,
Shadowy, background, and look at yaqr.ielf
jn the flexib!e mivicor.

)

\What do you see, Jike this ..
i you }lex k. _

or khis ..

or this.. ?
or Lhis..

or bhis.. ?
or this.. ?

IS OO @D

-Place a neWspaper headline in front of

y0ur jlcx - Mmireor

What do you see?

And What do you see T DraJ here l

i)‘ you jlex the mirror ?

N\

tonvesx toncade
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—ralkinﬁ about your wWwork ancl
experiences ’'s d‘e.n—_y :mPOrL-qnt.

Allew children,

as a matter of course,
Lo muse and share
ideas and Froble.ms.

ou can shine
the sun from
our MUIIrot

on Lo the Jall.

\ Jam upside-
- dodn ‘n
a spoon ?

Bt you are
N vight side
k\\\\ \’\k u’a on the

-, back!

W, A Much smaller,

In “|¢ buvnpzt—
a‘j’ my clad's car

} am adjully
at and

Ok, eJer 50 far!

Qnd a square 4@««
mirroe-

shines c;@
round! -

ou can pla
-ca&)cllt" -T2 L'Lf =

wWall. YVou must
try aud bouch
my .S‘ll'u;; Pab:L,’

) can boumce Lhe

Sum L’hraujk your
mirro- back in -y

_j-ace.'

) can look
oJer Lhe heads

You can see khe
bottom oj- a

if you make ln('hz
) Wallk on
A X a mirror!

>
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Chapter 17

Children and balances

Introduction

Balances are good learning aids in science education and therefore good
teaching aids as well. They can be simply made so that children can work with
them freely in the classroom. They give children access to some sound
science. Not only do children gather some valuable information (so-called
‘science facts’) in the form of fundamental principles of mechanics (the inter-
play between forces and movement), they also practise scientific process skills
which can lead them beyond these few ‘facts’ into self-reliant learning and
independent thinking.

The title of this chapter has been chosen with a purpose. Children manip-
ulate a balance in order to learn about some of the laws which govern its work-
ings. The condition for learning and understanding is that the children are
fully involved: by seeing for themselves, by doing things themselves, by think-
ing themselves, by verifying things themselves, by making mistakes them-
selves and by reconsidering their ideas themselves in the light of evidence
which they have uncovered themselves.

The children are therefore not given answers before they have had a
chance to ask questions. They are confronted with materials that contain a
challenge, that raise questions or problems, and that have possible answers
within them to be released by thoughtful interaction. The children ask the
balances; the balances provide the answers. The teacher helps in the asking as
well as in the effort of finding an answer.

The aims of this chapter are to help teachers help children to use balances
as a source of information; to ‘ask the balance’, using scientific process skills;
and to generate, through using scientific process skills, the kind of knowledge
which leads to further knowledge.
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Children and balances

How do children use balances as a source of information?

The balance does something in response to something done to it. This makes
children’s observations of the working of a balance active and selective. Push-
ing it down and then letting it go; adding a weight to one side; removing a
weight from another side; piling up weights on either side; matching weights
to balance; and matching different objects to balance. All these simple actions
provide active experiences which leave behind (bits of) ideas on how the
balance works.

The first few pages of the chapter suggest that the children do just that.
The children’s active learning with balances involves thought-processes
which are expressed, quite spontaneously, by the children talking. The
teacher should, with open ears, make use of this by joining in the talk, either
by talking with a child individually or by leading a group discussion about
what the children did and what they noticed happening. The active build-
ing-up of ideas and concepts while working, together with the co-ordinating
exercise of talking about it and discussing findings, soon leads the children to
make more general statements on recurring events. Pages 259, 260, and partic-
ularly 261, provide examples of this.

It will be found, however, that younger children need much practice
before they come up with (or accept) a general abstract statement, such as ‘the
same volumes of the same substance balance’ or ‘if A balances B and A
balances C, then B balances C also’. Such abstractions may be clear to teach-
ers, but children will tend to try out every instance. We should let them, for
this is the way in which they form, test and use patterns.

How do children ‘ask the balance’? How do they learn to
apply and practise scientific process skills?

If the children just play about with balances without, somewhere along the
line, being given some order and direction, they will probably make some
interesting discoveries, but learn little science. It is the teacher’s task to intro-
duce some order, or some system, into the children’s work, by helping them to
make the appropriate next step forward when they come to it. The discussions
among the children themselves and, more so, the discussions with their
teacher, provide ample opportunity to ask the right question at the right time,
or to make a suggestion for further activity in order to find more or better
answers from the balance. Questions which the children ask themselves or
which they adopt from their teacher are an inducement to learning and a
strong motive to make an effort, to investigate, to take care to be accurate and
not to give up before some understanding has been acquired.
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Children and balances

| The scientific process skills which the balances invite the children to
préctise are accurate observation, classifying objects, calculating, comparing
quantities, manipulating materials (and instruments) deftly, some designing
and making, finding patterns and relationships and, above all, the raising of
motivating questions.

The use of these skills, made more conscious by discussion, brings order
and purpose in the actions the children undertake. Creating this order and dis-
cipline in handling things, creates order in the concepts, ideas and thought-
processes which generate from these experiences. For examples one can turn
to pages 261 to 264, while the point is underlined by the true story on page
265. The last six pages, of course, should be considered, too.

How does the practice of scientific process skills lead to a
kind of knowledge which generates further knowledge?

The more elaborate exercise round the question ‘What makes the balance
balance?’, which is suggested on pages 266 to 270, has proven to be a powerful
illustration of how science ~ via accurate observations and careful recording -
can lead to a short-cut towards learning. After having defined, on page 266,
some unit of weight or mass (paper-clip) and a unit of distance from the ful-
crum (the distance between holes in a strip of pegboard), there are a dozen or
so definite simple problems to solve with the help of the balance. Confirma-
tion of the right solution is given by the balancing balance and the outcome is
systematically recorded according to the suggested scheme and outline.

Invariably, someone somewhere along the activity will go beyond the sim-
ple trial-and-error approach and replace it by predicting what to do; a simple
calculation is made and verified. In fact the formula ‘Weight times distance on
the left equals weight times distance on the right’ (or any more sophisticated
formulation of the law of moments) is being applied long before students are
able to put it accurately into words. Soon a discussion develops around the
question: ‘What makes a balance balance? What is in equilibrium? The units of
weight or mass on either side?’ ‘No.’ ‘Or has it to do with their position in rela-
tion to the fulcrum?’ ‘Yes and no.’ Soon the proper relationship is worked out
and can be expressed in words. At first the students may formulate this rela-
tionship in a rather roundabout way, but they will be able to exemplify it by
using the numbers they filled in on their record. This shortens it, and from
here it is only a small step towards a simple formula which corresponds with
the words as well as with the figures Z(M x D) = 2(M x D). (Which means that
the sum of the units of mass times their distance from the fulcrum on the left
arm equals the sum of the units of mass times their distance from the fulcrum
on the right arm.)
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Children and balances

Provided students, or older children, have had sufficient experience and
have made clear records, they can either come up themselves with, or under-
standingly accept, this formula or its descriptive summary. It is precisely this
knowledge which generates new knowledge: new problems can now be solved.
The formula allows a short-cut. When an unknown element is then intro-
duced, it can be worked out by simple experimentation and calculation, as the
exercises suggested on page 271 indicate.

When the activities are carried out by student teachers, there is a double
benefit. They learn or revise some fundamental principles of the physics of
balances, which gives them confidence. They also analyse the scientific pro-
cesses they undergo or apply, which helps them appreciate the process-based
teaching which they may be asked to use in their work with children.
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A gentle word of caution in advance

A balance is an instrument to do something with.

Only by doing something with it can one investigate its
working, and so begin to understand some of the laws which
govern it.

Because it is an instrument for doing, it can be placed in
the hands of children, and thus it will invite them to interact,
that is to explore, to investigate, to experiment and so gain
experience. For our primary-school children this is sufficient.
Investigation turns their minds into the fertile ground in which
later understanding and more correct formulation can flourish.

Therefore, do not force anything upon the children at first.
There is nothing yet to be learned by heart, but there is much
to be learned by experience. Somewhere along the line learning
by heart becomes useful, perhaps, but then they will
understand why, and submit to it gladly.

There are simpie laws of mechanics (the interplay of forces
and movement) which can be discovered by simple
investigation and experimentation. By merely manipulating
simple balances children discover elementary relationships and
these are all they can handle. Our abstract patterns are often
beyond them. Primary-school children can manipulate things
that work: balances. They have difficulty in handling our
generalizations. We must give them time and opportunity to
form their own generalizations out of their own experiences.

We can help them on their way by letting them work with
balances, freely exploring at first, but gradually with more
direction and purpose. The satisfaction of the experiences and
the budding conception of what makes the balance balance,
guarantee a solid foundation as a basis for reliable
understanding when later abstract thinking gives meaning and
coherence to observations and experiences.

What follows is a number of ideas on how to work with
children and balances. There are no ‘lessons on weighing’, nor
is there a treatise on ‘the Law of Moments’. You may add and
substitute what you like, as long as it helps you to start a lively
interaction between children and balances.




\Aﬂ'la' Is a bqfqnc.e_?
What does L clo ?
HoJ cloes rt WJork?
Hos does my balance Jork ?
Hod clo ) WJork Jith Py

bala:1ce ?
[ om——
A A equa’?
[——

equq“k ?
equilibjrium ?

g”la” ) a.sk
Leacher ?

In Fig. 11-40 the vector sun)
ver is obviously zero. What is
ther point? Let us choose the rig
\jch to find the_torques, orasitis

#ill note that F, and F; are equall
{er these conditions, the lever is j
er from the center without shify/

/l .ba/an(e s a
jasc:natu« ‘nskru-

a:—cl-uloll'en
l:a Jok Jith:

ol

) dhiak )‘d
N ey

//ﬁ D belt

f * ask
=g
.,v//'» d) balznce

It does” Sameélt.fncj
Ih response to Jhal
you oo Lo ik your -
self

,t CIOC.S l«f!‘lcnt ) Jant prafac[ec(.
) krnow What &k can do cu-nol WJhat ik
1s Lhat ) Janl !

eoe?
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Would jou Iike Lo
Ask the Bolonce 2

C’I‘A/en jir.st make a balonce.
Ny

Use a
- small piece o Sood,

- a sfﬂa” _Sla

Q -a hammer and
A. - some nails.
“rHese clradinjs shod
hed Eo Fix ]:‘Liri‘gs.

wWe con @ gee L’hat kl‘Lel’e are

c* do it easily

( enoujh ,balamce_s:
at Igast one belJSeen
ESo children . lﬂyol‘Ll'nﬁ

in Lhrees is also jooé:

A!

ik erlivens discussion,

[oetiotasanasatoniioiiiil L ook
@ Lhen?
5

Rdd a sl’.rip of

peq-board, tdJo fe Z / ’
rjokj_s Jfole, anel balances ﬁ c;fesn‘['
\\j a

Wilh an odd number
of holes in each rou.

But a thin sén—iP °
Jood (aslat) Jith o
jeu) holes makes a
ﬁood balance arm, Loo.

I)O noL‘ undtl—'
estimabe Ehis Jery
simple imstrumen(:
ik is sensibive ko
small §ractions of
a qramme

just aboJe

the centre.

[ 0 J /%’j

* 1\ f "

CT bhis hole &7 . @
-
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With Lhe younjer children
Lheve s lilkle to juss aboul .

——

=

e

Make sure bthat Ehere

are some Jbalances
reel. aJhilabfe .. tocgether Wilh
J- = brzcks, acorns,
beans , Jashers,
and assorted odes and endls.

Let them explore as H»:ej Jish :
Ehis is a first "encounter’, Ji
leacling Lo a first dialoque: "What are you?”
- f 4 »What can Cu do?”
“These basic questions "What do you do?”
are sufffm'enlf for- Ehem .
\Wabch “and learn fram children

aned balances alike.

Look! It

It goes doun ! sikts
Crooked .

It Lilks
When )
take
some.l:lLinj
o_fj.

Short story.

Yulitha and Dominic are together working on the
same little balance. Yulitha notices that the
heavier side of the balance moves down. She adds _r L' ‘:
a weight to the other side which now moves down. Irs ]

Soon she is satisfied with this observation and

changes to something else. Dominic, howevaer, seesad s
notices that some weights cause the arm to dip

only a little way, while other weights make it an d ,:,'l.e n
swing all the way down. This fascinates him and

he continues to explore this further by trying ik s“ ts St ‘ ”

out & multitude of different objects.

This shows that not all children do the same thing
when they are working on the same thing.
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Makinj Ec’ui ,),L»—iurn,

Someuhat older children begin to relate
the behaviour of the balance to What l:hej
Pu(’ on L. 'TF—ej start to compare, and nouS
their balance becomes an instvumenk for
l-nql-<i:-.ﬁ e.cr.lffil:n-ium.

“Sitking straight! )

e call:

With nal:‘u'nj on i t,
ik aits sh—mﬁhf.

) can niake ik sk “Joeing In S
sl:l—mjh(: Sikth equili ium. ﬂa\\\:\
' beans own ! vy

v
”~

- . ¢

Mak-’nj equilibrium nod becomes ’\\//‘

the end o_f the childrens endeaJours,

They like practising Lhis skill by makin
all sorts °f thinj’_? balance ea;’E other_j

Ma kn'nj equi librium

Je J'u.sl'
call:
balnncinﬂ.

N ﬁa C‘lcstnuki are ,
L D) n oqui'v'brium Jith
J-.'Jz acprns, /- \
U\}U
LN
JE on”.‘ andl nut /\\'/\
make equihbm’um
Sith sefen ﬁefr triofs are direct
‘\ Washers. and concrete, Jhich helps
) the chiledren dedelop

OEEJ'ELHJEU ) obserJation .

But "jeneraf vules” are no (yef) imMade, novr wused.

22222
{i*2
= 0

i@

O,'L ’DD‘(, Pn_j
belt aned nutl
.bn‘nhce

Let me see
Wwhat else Jould
.ba'an.ce

my boll and nuL’?r‘ \ > /
aj tourse

) shall Lry LtJ (v
P Y
youi- rubber

C “alse balances|
seden Jashers,

oo bult thalt is molt so eblicus -
Lo thes child !
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_Frowl :Ba'oncirtj to \«gi_ﬂhfnj_._

Qur mocdern cgrocers

no lonjer kfe_ijh Lheir

Wares 6n proper
balances. Instead
they use some
eleetronic ﬂnd et.
Our children do not alJays
associate Jefjhinj Jith
balancin.j.

o
Q

3

(
y4
L
T——
Four rnuts also g
balance iy sr.issarJ -

) Ehink when

EWo things are o ’
EQuol el'j"ll.', f ml\s
f

\2

the keep Lhe %;6/_\?/

balance o!dajs
" Equi“bn’um -

Then the
tangerine
mul al.so
balance

the scissors.

Sir, Jhere
This , at least, are Lthe Jeizjhts?A

is Lvuae for the
equal arm balance.

Once Lhe children m
vV

Look for

yaur odn
-Jcijhts.

ashers are
J'-ine. units
© deiﬁht,
3 eJ'H do.

reach this notion,
qu can Stakb {
Je)jhin l:hir:js
WJith E’E.eir 5"mfl’e

balances .

A
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What is not a balance ?

Take tJiﬁ,

knlfe.

board, My specs,
5tick' my Ckall’,
breoom, my spoon
shoe,

ruler

skraw,

stiff Jire,

5P0 e,

Pencil,

ar of chocolate,
C'Okhe.shan er,
no malter what

NOOOOO0O0DODO0NODD

add a piece of s&rinj in the proper

po.sil‘:'on. anc you make it into a balance 7

With sticks or skrads T

sl‘.rinﬂs or threads
cub-outs or Ehings
and Patience and deJdolion,

you can make a balance
Jhich balances a balance é
which balances a balance 7

“This /s called (1; g );}

a mobile.
—T;’j makinj ik

\Jot“l Wwhich bal c f
WJould y'ocu sta:l:n? © Jith .
this one? I [

With —g
this one?
} or kl‘lls ?

Children wWho can solve these little

rohlems begin to undersltand quite
a bit oj the \J'orkins oj- a balance.

So, W’hﬁ nok let tLhem do so ?

262



Boloncin5 DBoards. / ]

Can vyou balance
Q sheet of Cardboard.
on kLhe tip of your

finjer ?

—rl-fj E“liSi L4 Make a simPle

P’UMB-’ine:

attach a small Jejht‘

to Lhe ene of o pitce

o thin .Striﬂj or

a threael.

Suspenel bthis from

a hook or nail in ‘
the Jall.

& * Punch 3 holes n _your Vecfanjular

sheet of cardboard in three

differenl laces .
(Thfej."'d ha’e ﬁ.‘: a Control.)

e Unbend a Paperc/r’p imto a hook
(-T:fl'.{t L'he a“:om Part fordm—cl ‘3: 30’)

* Hook on your card-
board and hanq 1L
behind the plumb-
lime on the Jall. g

o Care ull inclicale
hadjtkaj P'umb-/iue (o]
runsS across the 0
board.

. Repeal: all this usine
Lhe other tJo holes.

Y?u ?oan. mark the verltical

umb-[ine by carefull lacing EJo
Qots._ju'ﬁ: uéﬁ!emeojihygﬁe Seakbed
strin . B oinim Lhe ols J/th Penf.v'l
anc/jrule’?—,"yau jd.raur q jood skraighl,’line.
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What do these [olumb-lines Lell you ?
~\ﬂaa£ do ch:{ tell you about "e7ui“brium"?

f\/ Notice thot the hole from Jhich

ou Suspend oui- cardboard

) ’:ﬁi 1S a J‘ulcu-um , @ PiJot,
\"‘j a burdin —Po"nt--__ju.sl: Iike

the centre' hole of o Jbalance ...

- Hou Would Lhe areas on both sides
of the plumb-line compare ?
- ’5 I-L a maLfEl" of Ol’ea?

- \\fhal: 1s the importance
of the oint WJhere Lhe
|Tnes cross ¢

- From Where Lo where,

clo these Ilines run ?

- Place the crassi}:j-)oaint

now on the tiP o our

Jinger--- Noke:

“the point Shere Lhe
lines cross is called:
Poinlt o Gradil:j or
Centre o Gra(fié:'

COH{B‘ yo« Call I.t

"pm'nt af E,uiliérl'um-.?

What happens

|j ) slick
~Y
2 g gom

AL ) al bhe
backside 2

Cnn rpu bnlﬂﬂlc l‘L
on the l:-'F of

your jinjl'r.?

Could you _fl'm:l Lhe
centre ojjm./il’j...
of a .SOuF Flate ?

Shoe ?

knge ?

han kcrclu'af.?

Cut your
card into on
irregular shape.

Re'uat the ,o/umé-
line Cxperiment.
Do the same

9uesh‘ons aff:l:{?
Stick a JeﬁLt

some where Bn

Lhe edje.

o]

2 00
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A short story

The children of a fifth grade at Vikundu, a village in the United
Republic of Tanzania, worked with balances for quite some time.
One of their activities was to compare various objects which they
had found in and around their school, such as stones, blocks of
wood, lumps of clay, dry bones, pieces of metal, fruit and inkpots.
They started to arrange these things in order of weight. First they
arranged them by feeling only, without using their balance. When
they later checked their ‘feeling’, they had to make some
adjustments.

These children spoke Swahili, and they used the most
common word, ‘Uzito’ to describe literally ‘heaviness’. The
concepts of ‘weight’ as something measurable, or ‘mass’ as a
physical property of substances, had not yet been considered or
named. Yet the problem of ‘heavy but small’ as compared with
‘light but big’ did arise spontaneously, first as an observation, but
soon as an object of wonder and amazement. The bolt and nut
(inseparably rusted together) was small but much heavier than a
big dry bone. It even beat a block of wood on the balance! How is
this possible?

Although solving this problem was not forced upon them, it
kept their minds busy, because soon one little boy with a deep
thinking furrow upon his brow declared that the ‘heaviness’ of the
iron bolt and nut must be closely packed together, closer than the
‘heaviness’ of a bone or of wood. The bolt and nut of smaller
dimension can therefore have more ‘heaviness’ than the bigger
bone or block of wood.

Then the boy was allowed to explain his theory to the other
children and they were asked to try to find some word or
expression which would neatly describe this property. This was
quite a linguistic propaosition, but it set little wheels turning in
their heads, and they came up with a surprisingly original term.
They called it ‘Uzito wa Asilf. Literally translated this means
‘heaviness of origin’, the natural heaviness of things. What a
beautiful example of trying to put an observation and its
consequent concept sensibly into words! Would our ‘density’ be so
much better?
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'ﬂ'ke “Law” of the balance :
or:  What makes Lthe balance balance ?

/ “1He jolloJ«'n’q course oj— action cam be
undérbaken .b’-j older children.

.:BJ soling some simple. direct problems
<~ ko WhTch Lhe kalance "knows™ the ansders -
ou are led to a_seneral conclusion: a
eneralization , aFule , a law , Which
can be expressed 1n a formula,.

(-rhis process i called: induction)

Understancding Ethis formula enables you
ko solle nedJ probléms by deduction

Provide eno-igh. bhalances With a peq-board
5tm“o as balance arm, suspended from
the centre. top hole,

(-]
(-]
(-]

] 0000O0COO0OO0O0OOCO0OOOCOO0OO0OO0O0OO0OOQODOOO
14131211109 8 72 6 5 4 3 21 01 23 45678 91011121314
©0000C0O0OOGCGOOO0OO0OO0CDOO0COOOOQ0O0O0DOOOO0O0O0O

Number the holes as shodn above.
“These humbers indicate the distances (D)
measured From the centre (0). "Tﬁi_s 'S
Lhe fulckum, or l’urnin_q-pom[’.

(The number of holes may be 14, 12, or 10)

Use sl:urolj paperclips as “Weights’,
as units of mass. One paperclip s iM.

Per hole you can use more Lhan one unil

of mass: 'eq. you are instructed to place
j—".3M al DSR'.)/ P

This means thalt (ou must place 3 ereli
in hole nog, 8. (L"ij-l: or ri'ghpt as the f:.spe :nca__-;P;e.)

For I’lanjfn Paf;erc’fps it is betker to use Lhe

holes in” Ehe "bottom rou of your peg-boarcl .

,Be oreée yau .St'al-t, make a _qu”
rider out of bent Jive, or a ting
FaPerclif, so that you can br:'nj
oul- balance arms into er_{ec_t
eouilibrium : only then ecan your

balance qive you j‘au“:!es.s ansJers.
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> 2R
T2k

U
—

=

(L

>

~’

+these are exam,:les
o_f Jhat Eo doend

hod to record ik:

'Put_u_unit a_j Mass
at Distance 14,

on the ,e_ft side,

and 1 unit et M.

at I) 14y on the

ka'jhf—/-mnal side ‘

This /s one
Problem v

“Firsk oj all: .brinﬂ your balance
Lo
the .ba’oncinﬁ balance

jidc.s you reliable
ansWers.

equi/ibrium : On/:(

Left Right
™M D M D
| 14 |
6 |
2 4 l é
)/
i 14 2 D
2
2 14 ) D
]| e
3
HET
| 3 "
y
3 2 12
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Mind:

What has been Jritlten
must be cdone ; do that first.
“Then jfﬂure out WJhat makes
the balance balance ... and

J—i” ‘n the blanks.

Lejt Right
™M D M D
5
2 5
} 3 2 14
6/
9 2
7
5
?- 3
7
'3 | 9
3
o
J 10
2 3 i
3 5 12
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Now much is le._ft to your ouwn
injenuitj; Lhe recorded

results “may Jell cliffer— one
jrom Lhe other, but (f the

baldrce s in equili_brium,
Ehe "ansWJer” must be r-iﬂl-lt.

;Do/:_‘au a_gree.?
Left Right
™M D ™M D
3/
3 S 13
io]
il
2 2 I
y
b 15
2
y
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Do Se hade
ko g0 the
|onj -J“j.?

NO, Jlet us take o short cut.

Ask yaur.se,lf-‘ - lfhen (s there eq:-u'lf.brf‘um ?
-In JShat kfo.j does 'cft egual l—;ﬁht?
What is the meam'nj o_f L=MH:
- On Jhat does e?ui’fﬁrium dePenJ?
on Lhe Lotal unils o

_j- mass ¢

‘on the distance(s) aj the massles) f""’"
the fulerum?

. O0r “on both ?

"f both M and D l'nf/uencc Lhe state
oj' e7ui!l'br«'um,

how then are l:‘\ej
v‘e[al:ec[?

Can you express this ina SimPfe farmu/a,?

Do remember Lhis Sell,
because Jith the hel,: of this

_)‘arm:.((a and a balance ou

can nod solde many problems
Ehat you could rot solJe
bejmfe.
o o W w e 5035
73 4 0
——~
——————=
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Problem 1 fpr_ﬁ }9

u.EIE U'xe ormula
) te es[:alb ish the

".Jeigkt' (r mass)

of these scissors.

(uUse Lthe Pn,:crc“P as a unit pf mqss).

Problem 2 “Find Lthe "«Je.i’z!/-:f" (ma.ss) of whatear

you ffncl. M your Focket:
~lknife
it Pln
- Camb
= ’ip.sl:ick
- doesntmatterdhatk

Problem = Fincl Jith the help of nok
more Lthan 4 PaPe.—c[a'Ps (jour.’)
the exact mass of &« ball of
c'aj (m— F’asév'cine)

TDro ‘:)fem “

What cloes a /oin Jeﬁh?

’prob!em 5 Esl:abl«'sh tLhe mass

o)‘ your
balance arm

[t

Dbut Wi“'tout usinﬁ

anoltherv balance .

’prolo’em 6 yau have a broom

Qa .sl:rin
orel a 100 grammes Uei/c(ht‘

e e = ==

Use this dedice Fo LJeial'z
a kilo oj sujar.
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In many parts of the world, science education occupies a
comparatively insignificant place in primary-school eduecation,
and unfortunately what actually happens in the classroom
under the label of science is often totally inadequate. Teacher
training, both pre-service and in-service, is one of the keys

to this problem. Starting from the premise that this training
should be carried out in ways more closely related to

the active methods which teachers are expected to use in their
schools, this sourcebook provides a variety of materials

for use in training workshops for primary-school teachers
which ean be used both in group-work and by individual
teachers for independent study.

Dr Wynne Harlen, OBE, is Director of the Scottish Council for
Research in Education. She has broad experience of science
teaching in schools and colleges of education. Formerly Professor
of Education at the University of Liverpool, she has also held
academic appointments at the Universities of Bristol, Reading and
London. Dr Harlen is well-known in the United Kingdom and
internationally for her work in primary-school science education,
a field in which she has directed a number of important projects,
particularly in relation to assessment of pupil achievement

and teacher education. This has included close co-operation with
UNESCO wn the development of its programme in the field

of primary-school science education.

Jos Elstgeest is Science Education Co-ordinator of the Regional
Pedagogic Centre, Zeeland, in the Netherlands. Before this he
worked at the Morogoro Teacher-Training Centre in the United
Republic of Tanzania. He hag.been deeply involved with the African
Primary Science Programme and the Science Education
Programme for Africa. His work has involved close contact with
UNESCO’s programme in science education and he has served

as a UNESCO expert at the University of Lesotho. He is
particularly known internationally for his innovative approach

to primary-school learning and the training of teachers.
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