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Preface 

This U N E S C O sourcebook has been prepared as a supplement to the Unesco 
Handbook for Science Teachers1 and the New Unesco Source Book for Science 
Teaching.2 It is part of U N E S C O ' s contribution to the efforts by various organ-
izations and M e m b e r States to improve science teaching, especially at the 
primary level. 

T h e origins of this book go back to the early 1980s w h e n the Committee 
on the Teaching of Science of the International Council of Scientific Unions 
( I C S U - C T S ) set up a Sub-committee on Elementary Science (SES). This sub-
committee's discussions as to h o w to improve primary/elementary school 
science education led to the conclusion that primary-school science-teachers' 
training programmes as a whole did not provide effective 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. 

T h e authors of this book, Jos Elstgeest and W y n n e Harlen, were for m a n y 
years the surviving and active members of S E S . In the early 1980s the latter put 
together The Training of Primary Science Educators - A Workshop Approach3 

written by three S E S members: herself, Jos Elstgeest and D r Juan-Manuel 
Gutierrez-Vazquez of Mexico. 

This book is divided into two parts: Part O n e , by W y n n e 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 T w o , by Jos 
Elstgeest, a specialist in in-service primary-school science-teacher training in 

1. Unesco Handbook for Science Teachers, Paris/London, UNESCO/Heinemann , 1980, 
199 pp. 

2. New Unesco Source Book for Science Teaching, Paris, U N E S C O , 1973, 270 pp. 
3. Wynne Harlen (ed.), The Training of Primary Science Educators - A Workshop Approach, 

Paris, U N E S C O , 1984,91 pp. (Science and Technology Education Document Series, 13.) 



the Netherlands, provides exemplary materials for classroom activities. T h e 
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. T h e 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 o w n mental and phys-
ical activity. 

In preparing this publication, the authors have m a d e considerable use of 
ideas and materials generated through national, regional and international 
seminars sponsored largely by U N E S C O , the Commonwea l th Secretariat and 
I C S U - C T S . 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 U N E S C O and do not commit 
the Organization. 
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Introduction 

T h e origins of this book 

M a n y 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 ( I C S U - C T S ) of a Sub-committee on Elementary Science (SES) in 
the early 1980s. Jos Elstgeest and W y n n e Harlen were for m a n y years the sur-
viving and active members of this sub-committee, whose discussions as to h o w 
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 U N E S C O the S E S 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 I C S U -
sponsored Conference on Science and Technology Education held in Banga-
lore, India, in 1985, with support from U N E S C O and the International C o u n -
cil of Associations for Science Education (ICASE) and the British Council. 
T h e n the Commonweal th Secretariat and U N E S C O 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 m e d i u m 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, U N E S C O , 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 m a k e 
them available to teachers and to those providing courses for teachers. 

T h e first of these aims was achieved through a small international seminar 
convened in Liverpool in December 1986. T h e second was achieved initially 
through an international seminar held in Barbados in 1987 and attended by 
twenty-six participants from seventeen countries. T h e seminar was organized 
by the Commonwea l th Secretariat and U N E S C O , supported by I C S U - C T S , 
I C A S E and the British Council and co-directed by Professor W y n n e Harlen, 
then of Liverpool University, and D r Winston King, of the University of the 
West Indies. T h e 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. T h e 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. 

T h e 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 Commonweal th Secretariat/UNESCO project, is to 
extend this help more widely. T h e present book is therefore intended for use 
in teacher-education courses - pre-service or in-service; it is best used w h e n 
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. M a n y 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 
O n e of the book has been written by W y n n e Harlen and of Part T w o by Jos 
Elstgeest; W y n n e Harlen brought it together as overall editor. 

Intended use 

T h e material here is designed for use in workshops for teachers in either pre-
service or in-service contexts. T h e word 'workshop' is used to convey a parti-
cular active approach to teacher education which the authors feel is essential. 
T h e 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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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 o w n 
mental and physical activity. W h a t 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. T h e outcome m a y be an artefact, a solution to a problem, 
a plan, the recognition of a n e w relationship between things, a critique or a set 
of criteria. Perhaps the most important product, however, is a greater under-
standing of h o w 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. T o 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 m a k e a prediction, to plan an investigation, and 
so on. This is a tall order for those w h o m a y never in their o w n education have 
had opportunity to create and test a hypothesis based on their o w n 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 w e 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. 

T h e structure of this book 

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

13 
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Part O n e 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 h o w 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 s o m e 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 s o m e hypothesis testing 
activities. Suggestions are given for h o w 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 m a k e the 
activity one of learning science. A check-list is presented for use in identifying 
the science in activities and deciding h o w 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'. T h e discussion leads to suggested 'indica-
tors' for process skills and attitudes. 

Chapter 5 starts from the importance of developing process skills and atti-
tudes. T h e general nature of progression in process skills is described, fol-
lowed by suggestions as to h o w 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. T h e 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. T h e importance of 
discussion a m o n g children in the development of their ideas is a theme 
throughout the book, but here it is examined more closely. T h e relationship of 
language and thought is explored through transcripts of conversations be-
tween teacher and child. T h e problem of whether and w h e n to introduce 
scientific vocabulary is addressed and ways of finding out the meaning chil-
dren attach to the 'scientific' words they use are proposed. W a y s 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 h o w 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 s o m e process skills; ideas are given for developing such 
questions. 

Chapter 12 gives further and m o r e 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 T w o 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 o w n level, but in the way in which it is 
hoped they will do science activities for their children. T h e 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 o w n 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-
g r a m m e , on any of the topics. T h e 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 o w n . 

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 O N E 

Developing understanding 
and skills for teaching 
primary-school science 

Wynne Harlen 



Chapter 1 

About learning in science 

Introduction 

In this first chapter w e 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 w h y children should have certain 
learning experiences. This rationale relates to the nature of scientific activity, 
what it means to learn science and h o w learning is brought about. Views of 
these things have a profound influence on the activities teachers provide for 
children, h o w 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. 

T o substantiate this claim, suppose, just for the sake of die argument, that 
a particular teacher's view of learning is that it is a matter of rote m e m o r -
ization. This teacher will provide learning experiences which expose children 
to accurate facts and encourage them to memorize procedures and algorithms. 
T o 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. T h e 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. T h e 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 
m a y 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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will clearly be quite different from that described for rote learning. N o w the 
experiences provided will enable pupils actively to seek evidence through 
their o w n 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. T h e 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. M a n y 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. 
T h u s it is important to begin by discussing the nature of learning in science. 

Scientific activity 

Science is a h u m a n enterprise through which w e c o m e 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 m a k e sense of n e w experience. 

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

Building up ideas about the scientific aspects of the world is the business 
of science and of science education. T h e ideas of science change as scientists 
extend their explorations and expose their theories to wider testing. In 
attempting to understand something n e w , scientists use existing ideas and test 
the extent to which they fit the evidence from the n e w situation or object 
under investigation. T h e result of this testing m a y be the confirmation that the 
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existing ideas do fit and help in understanding the n e w observations, or it m a y 
reveal the need to modify or perhaps entirely reject the use of existing ideas 
because they do not fit n e w 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 w h e n 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? 

N o w 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. T h e 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 m a k e a 

difference to h o w 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. 

T h e n test your ideas in practice. 
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Reflecting on learning in science 

Reflecting on these and on other learning experiences which you m a y recall, 
you were developing greater or n e w 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 w e n o w 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 a m o n g the activities often described as the processes or methods of 
science. They are chiefly mental skills, but also involve some associated phys-
ical skills. T h e y are concerned with processing evidence and ideas, and so are 
often called process skills. 

Through using these process skills you m a y have clarified, queried, per-
haps modified, or in other ways developed your initial ideas or concepts about 
light and h o w things are seen. This development is not an automatic process, 
however. W h a t 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 
m a y be accepted which ought to have been rejected, and vice versa. T h u s the 
development of ideas depends crucially on the processes used. 

In the case of children, w e k n o w that they often observe superficially, 
looking for confirmation of their ideas rather than being more open-minded 
and using all the evidence available; w e k n o w that their first attempts at pre-
diction are really based on what they already k n o w 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. 

T h e 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 o w n 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 w e m a y call learning with understanding. Learning without 
understanding, as in rote memorization, does not require the use of process 
skills. W e need not linger long on the faults of rote learning, but it is worth 
observing that m u c h 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 w e want pupils and future citizens to feel at ease with science, 
to k n o w 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. 

W e n o w consider at a theoretical level h o w learning, in terms of the devel-
opment of ideas, depends on the way of gathering evidence and testing ideas. 

T h e role of process skills in learning 

W e 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. T h e 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 m a y be helpful to represent the linking of ideas to new experiences by 
the following diagram. T h e circles / „ I2 and 73 represent various existing ideas 
and E represents a n e w experience. 

© 
© 
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O n e of the existing ideas is linked to the n e w experience in preference to 
other possibilities because of some perceived similarities. T h e processes 
involved in this m a y include observing, hypothesizing and communicating 
(words often trigger links). T h e idea which has been linked is then tested 
against evidence to see whether or not it helps in making sense of the n e w 
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. 

T h e 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 w e 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. T h e pro-
cess depends on the learners using and testing ideas they already have. 

0 'J8C 
W h i c h one of the possibilities represented in the diagram occurs depends 

not only on the existing ideas and the nature of the n e w experience, but on the 
extent to which scientific process skills can be used. Here w e should also add 
that attitudes are also a determining factor in whether or not available skills 
will be deployed. 

If w e n o w think of the new experience as being one provided in school so 
that children can learn, then w e see that process skills and attitudes exercise a 
determining influence on the extent to which conceptual learning takes place. 
T h e 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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Objectives of learning science 

T h e 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. 

T H E CONCEPTUAL OBJECTIVES OF PRIMARY SCIENCE 

T h e ideas children require to develop understanding of the scientific aspect of 
the world around are variously expressed in different curricula. However , 
w h e n 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; 
• water and its interaction with other materials; 
• light, sound and music; 
• effects of heating and cooling; 
• m o v e m e n t and forces; 
• soil, rocks and the Earth's resources; 
• the sky, solar system, planets and stars; 
• magnetism and electricity. 

T h e 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. T h e items in the above list indicate 
what children should be learning about through those topics and activities. So, 
for example, the teaching m a y by organized around major themes such as: 

• food and agriculture; 
• health; 
• 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 w h e n ideas are studied in operation 
in something familiar and important to the children than if they are presented 
in isolation from their applications. 

T H E PROCESS-SKILL OBJECTIVES OF LEARNING SCIENCE 

It has been found useful to express the process skills as in the format illustrated 
below. T h e 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 
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the analytical approach helps in making provision for their development. This 
relationship to the whole process of investigation explains w h y '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. S o m e 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 s o m e way. 
However , w e 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 w h o have not taught science before, or not m u c h , or have not 
involved children in practical scientific investigations to any extent, m a y 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 o w n activity. Because of this, w e begin with some science 
and technology for teachers to do. Later w e will tackle other reasons for lack of 
confidence: 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. 

T h e 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 m a d e by one person and so that 
everyone is in agreement with what is done. Discuss all the ideas that are 
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put forward and m a k e 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: W h i c h of the fabrics is the least fire hazard? 
T h e answer to this question is to be found by using the equipment and 

finding out h o w the materials behave. Y o u 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 m a y lead you to try testing the 
fabrics in different ways. T h e 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. 

W h e n 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 c m x 40 c m 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). 

0 00 
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 . H o w do you explain any differences in the way the tins m o v e to and fro 
across the board? Try to test out as m a n y possible explanations (hypotheses) as 
you can and devise plans to test any which you cannot do with the equipment 
given. 

Discuss h o w you are comparing the movement of the tins; there are sev-
eral possibilities which m a y not necessarily give the same results. 'Brainstorm' 
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all the ideas about w h y the tins m o v e differently. Test out as m a n y ideas as you 
can with the tins. T h e n 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: N o n e . 
Activity: G o outside and find a small creature ('minibeast') in its natural 

habitat. Don't move or touch it except to m a k e it easier to observe. Study it in 
the place where you find it. 

Each person in the group should write d o w n all the questions about the 
creature which come to mind. T h e n pool your list of questions and discuss 
each one. It m a y be that someone has m a d e an observation which answers 
another's question, but if this is not the case discuss h o w 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. 

A C T I V I T Y 4 

Equipment: Some sheets of newspaper, a marble and a bottle top. N o other 
material of any kind to be used. 

Problem: Within the time-limit of 20 minutes, m a k e the tallest structure 
that you can using the newspaper only. T h e structure must support the bottle 
top placed upside d o w n with the marble in it. 

T h e group has to make one structure meeting this specification. T h e 
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. Y o u m a y or m a y not have been conscious of this, 
but hopefully you were conscious of enjoying the activity. Enjoyment is a 
powerful motivator and one which w e should not neglect in teaching and 
learning. It is important to realize h o w enjoyable practical activity is; there is 
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something particularly intriguing w h e n thought and physical action are c o m -
bined. 

There are some other points to m a k e about the activities as a group before 
w e 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 h o w 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?', ' W h i c h 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 c o m -
pared for their ability to keep someone cool and plant fibres for their useful-
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?'). T h u s 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 s o m e phenomenon which can be observed easily and investigated 
practically, either using the same equipment or something devised to repre-
sent it. T h e 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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a step in the direction of a more sophisticated explanation. In m a n y 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 m a y 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. Y o u 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. 

T h e 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 c o m m o n 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 w a r m room w h e n there is a sudden rainstorm). 

Children will have m a n y ideas about the reason for this which m a y seem 
strange but should be tried out by devising appropriate (and fair) investiga-
tions. T h e 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. T h e prior step to extending knowledge is to ask questions. Ques-
tions identify what w e do not k n o w 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 h o w 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 w h o does not 
k n o w , but wants to know, something; (b) it often leads to some questions being 
immediately answered by the observations which others have m a d e , or from 
their prior knowledge; (c) explaining questions to others helps to refine ones 
which m a y 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 o w n . 

Discussion of the questions in terms of h o w 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. T h e 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. Y o u 
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 m a d e from it). Y o u 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 m a y not have m a d e 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 m a n y 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. T h e y also occur in scientific activity (for example, you had to solve a 
technological problem in arranging for the burning of pieces of fabric). T h u s 
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 m a k e 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 

N o w try out with children at least the first activity and if possible all four of the 
activities described above. M a k e careful preparations beforehand but then do 
not direct the children's actions too closely. T h e organization described in 
some detail below for Activity 1 can be adapted for the others. 
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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-
m u m three, m a x i m u m 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 m o v e 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 m a k e 
sure that they keep a note of important things because they are going to have to 
tell others about what they did. 

W h e n they start work there will be a period during which they explore the 
fabrics and their activity m a y seem aimless, although they m a y c o m e 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 h o w they came to their 
answer, ask them for evidence, to show you what they did. Y o u 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 m o v e the activity on by asking, for 
example, h o w they are intending to test the fabrics so that the tests are fair and 
h o w 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 m o v e from group to group, keep-

ing an eye on progress, asking questions if you are not sure w h y something is 
being done. T o help keep the groups on task it is useful to ask ' H o w 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 m a y not be 
very helpful. Later, in a discussion, you can ensure that they realize that they 
did not select the best procedure w h e n you ask them to criticize what they did 
and to say h o w they might improve it. 

D r a w 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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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 m a k e a poster to display their work and put this on display for all 
to see. O n e 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). 

T h e 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. T h e n 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 o w n until last and then start with a positive c o m m e n t 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. D o everything you can to build up 
their confidence in being able to find things out by their o w n investigations. 
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W h a t makes an activity scientific? 

Introduction 

Here w e 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 

T h e 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: 

1. Handling and using objects and materials? 
2. Observing events and materials closely and carefully? 
3. Using senses other than sight? 
4. Trying different things with the materials to see what happened? 
5. Sorting and grouping the materials according to their similarities and dif-

ferences? 
6. Discussing what was being done? 
7. Making some kind of record of what was being done? 
8. 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? 
T h e 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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But these things happen in m a n y 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 c o m m o n to m a n y practical activities. These processes 
and attitudes are desirable, and indeed necessary, for scientific activity but they 
are not specific to it. T o 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 m a k e 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 h o w 
the materials were manipulated (rather than just whether they were handled), 
what reasons there were for doing various things, h o w 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. 
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USING THE CHECK-LIST FOR CHILDREN'S ACTIVITIES 

N o w 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 m a n y 'yeses' as you did for your 
o w n 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. 
A n important purpose of using the check-list is to diagnose problems and 
improve learning opportunities. T h e following suggestions about possible rea-
sons for a few 'noes' m a y 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? 

F e w questions raised W a s more time needed for children 
to become absorbed and to realize 
what sorts of things they can find out 
through their o w n actions? 

Not m u c h discussion Were they used to sitting quietly in 
class and being told most things? 

Several of these problems require m o r e time to be spent in practical activ-
ity and for children to be encouraged to use their o w n ideas. It helps, however, 
if the investigation is introduced in a w a y 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 
s o m e 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 m o m e n t s . 
T h e 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 c o m e . 

T h e aspects represented in questions 13 to 28 will not all be found in every 
activity, but they should b e c o m e increasingly c o m m o n in children's exper-
ience as they b e c o m e m o r e 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 

T h e intention behind suggesting the check-list as w e 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 w e will refer to it often in later 
discussion. S o m e 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 ' T o what extent is this activity 
scientific?'. In general the more 'yeses' the m o r e chance for learning in 
science to be taking place. 

• W h e r e 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 w h e n children were carrying them out; it can help in a 
decision concerning h o w 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. T h e choice of content depends on the ideas or con-
cepts that are to be developed. T h e 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 a m o n g these, so 
w e 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 s a m e 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 m a k e 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. 

N o w apply the items of the check-list to what you did. 
H o w m a n y items did you tick? 
T h e 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 w h y this is so - w h y is the activity 
so impoverished in opportunities for learning? 

T h e instructions are necessary because the observations cannot be m a d e 
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 o w n ideas because the 'right' explanation is 
given. There is no opportunity to try different variations of the design which 
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m a y help in the understanding of the p h e n o m e n o n . 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. 

H o w can the activity be modified to m a k e it a potentially greater learning 
experience? H e r e is a suggestion. It starts in the s a m e w a y as before. There-
after the questions and suggestions might be introduced orally by the teacher 
rather than o n a worksheet. But here they have to be written d o w n . 

• 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. 
• A d d a weight, such as a washer, to the free end of the string. 
• Pull the parachute up in the centre. Squeeze the plastic to m a k e it as flat as 

possible. 
• Fold the parachute twice. 
• W r a p the string loosely around the plastic. 
• T h r o w 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? W h a t is the same 
about the way all the parachutes fall? What is different? W h y 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. 
D o you think that if the parachute is bigger, or smaller, it will make a 

difference? 
Decide h o w you will compare h o w quickly different parachutes fall. 
Keep a record of h o w quickly the different sizes fall. Try each one several 

times. 
Look at your results and at what other groups have found. D o you see any 

patterns (one thing appearing to be related to another) in the results? 
W h a t about other shapes (real parachutes are not square!)? S o m e have 

holes in them. S o m e are m a d e of different materials. 
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Try some of these and see h o w well the parachutes fall. 
Plan your investigation before you start. Think carefully about what you 

m e a n by h o w well the parachute falls (is speed the only consideration?). Think 
what parachutes are usually used for. H o w will you measure this? H o w will you 
m a k e 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 h o w you might have improved your plan 
to obtain more accurate results? 

Put your heads and your results together and suggest h o w to m a k e a para-
chute which falls very slowly but goes straight d o w n without swaying sideways. 

W h a t else might m a k e a difference to the parachute's fall? Think about dif-
ferent weather conditions and find out h o w your parachutes would behave in 
wind or rain. 

Try out any other ideas that you have. 

N o w 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 m u c h longer than for the original. 
T h e point is that the learning taking place is also very m u c h greater. M o r e -
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 m o r e of the same . T h e learning time for activities of the revised 
kind is not m o r e but probably less w h e n several such experiences are con-
sidered, because (a) m a n y learning objectives are being m e t 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. 

O f course, because fewer of these kinds of activities can be encountered in 
class time, it m e a n s that they have to be carefully selected to provide maxi -
m u m learning opportunity. This important matter is one w e shall take u p in 
Chapter 12. 
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Chapter 4 

Science process skills and attitudes 

Introduction 

W h e n children interact with things in their environment in a scientific m a n -
ner it is through using process skills: handling, manipulating, observing, ques-
tioning, interpreting, etc. T h e more they develop these skills the more they 
can learn through their o w n activity and c o m e to a real understanding of h o w 
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 w e 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 m a y 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 m a y be assumed to have a different cause 
than is in fact the case. 

Here, then, w e have good reasons for giving purposeful attention to help-
ing children develop process skills. T h e same m a y 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 m a y not 
be realized. 

At the same time as recognizing the importance of these attributes, w e 
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 m a y not be the case. At other times words such as 
'conclusion' and 'inference' might be used interchangeably, whilst some m a y 
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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 w e can eliminate these difficul-
ties of usage and varying meanings by arriving at some universal definitions 
here. T h e more modest aim in this chapter is to describe process skills in action 
so that they can be recognized w h e n they happen and so that teachers can 
work towards bringing about the ability to carry out these things in their 
pupils. W e are concerned, then, with operational definitions - indicating, 
through describing activities and the experience of carrying them out, what it 
is one is doing w h e n using process skills. 

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

W o r k s h o p activities on process skills 

T h e 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 m a d e to carry them out. T h e equipment is simple and 
is described for each one, together with the instructions. T h e 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 m o r e than one but it m a y 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 

P r o c e s T " \ * e m 

skills ^ ~ " \ ^ ^ 

Observing 

Hypothesizing 

etc. 

1 2 3 4 etc. 
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T H E PROCESS-SKILLS CIRCUS 

T h e equipment for each activity is described. It should be set u p as indicated 
and the instructions in the boxes written o n cards placed by the equipment. 

1. D r a w what you think the candle will look like w h e n it is lit. Put labels on your 
drawing. 
N o w light the candle. 
D r a w it again. W h a t 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. 
W o r k out h o w m u c h water will drip away in one day. 

Equipment: 10 or 25 m l measuring cylinder. Stop-clock or stop-watch placed 
near sink w h e r e tap is dripping at steady rate. 

3. If you have three different kinds of soil, h o w would you find out which had 
most water in it? 
Describe the investigation you would do. 

Equipment: n o n e . 

4. Put two pieces of Velero together. Try to part them. Try with one reversed/ 
crossways. D r a w four boxes and in them m a k e a series of drawings that 
explain h o w the Velero works. 

Equipment: T w o matching short (10 c m approx.) pieces of Velero. H a n d 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 h o w many images you will get at 9,49 and 78 degrees. 
See h o w near you are. 

Equipment: T w o 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 
so that it just floats, then sinks w h e n 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 c m x 15 c m ) of blot-
ting paper or filter paper. 

9. Look carefully at the twig. 
Try to find signs which show: 
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• h o w m u c h 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: T w i g with buds and scars, but n o leaves or flowers. H a n d 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 h o w far it walks. 

What will be 
changed 

What will be kept 
the same 

What will be 
measured 

Equipment: N o n e essential, but a clockwork toy can be provided (the point is 
to plan, not to do.) 

11. O n a surface covered with paper a clockwork toy moves 7 c m given one turn of 
the winder, 18 c m for two turns and 28 c m for three turns. (Accept these 
results as if you had obtained them.) 
Display these results in a form that will help you to predict h o w far the toy will 
go for four turns. 

Equipment: A clockwork toy, preferably slow-moving. 

12. T h e two pendulums are of different masses. Use them to see if the mass of the 
bob makes any difference to h o w 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 a r m on w h i c h two fine threads are tied, 
forming p e n d u l u m s - 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. T h e discussion can 
be organized around the results of one pair, which are displayed. Taking the 
circus items one by one, the judgements m a d e are first justified by the pair w h o 
m a d e 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 not 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. T w o points m a y 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 c o m -
municating information for the inquiry in hand. T h u s they should only be 
included w h e n they have a particular role to play in processing information. 

T h e 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. O n c e 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. T h e nature of prediction is a case in point. S o m e 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 
m a d e on the basis of less ordered experience. T h e 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. 

T h e nature of 'hypothesizing' generally leads to s o m e discussion. It has to 
be distinguished from predicting in the context of everyday use such as ' m y 
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. 

T h e question often arises as to whether these activities can be used with 
children. T h e 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 s o m e 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 h o w to arrange for children to raise questions; 
item 8 gives an example of h o w 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 m a n y 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 ' D o 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 h o w 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). 

T h e 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. T h e indication that they are unfinished is intended to 
underline this status. T h e y are useful as a starting-point for teachers to develop 
their o w n lists. 

Indicators of process skills 

OBSERVING 

• Using the senses (as m a n y 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 o w n 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 m a k e a prediction (as opposed to a guess which 
takes no account of evidence). 

• Explicitly using patterns or relationships to make a prediction. 
• Justifying h o w a prediction was m a d e 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 m e d i u m 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 h o w 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 w h e n different observations 

or measurements are m a d e . 
• 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 h o w 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 c o m -
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. W e cannot, therefore, consider any one activity and 
say whether or not this or that attitude was involved, in the way in which w e 
have done for process skills. In fact all the scientific attitudes identified in 
Chapter 1 m a y have been involved in all the activities of the process circus. 
T h u s w e cannot relate particular activities to particular attitudes. 

However, w e can still identify indicators of attitudes which can be used in 
m u c h 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 w h e n there is convincing evi-
dence against it. 

• Considering alternative ideas to their o w n . 
• 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 w h e n different ones m a k e 

better sense of the evidence. 

WILLINGNESS TO REVIEW PROCEDURES (CRITICAL REFLECTION) 

• Willingness to review what they have done in order to consider h o w 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 h o w 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 n e w experience; through using process 
skills such as predicting, planning investigations, and finding patterns and 
relationships, conclusions are drawn about whether ideas fit the evidence. T h e 
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 c o m m o n with all 
other process skills, can be performed in m a n y 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 m a d e in the gradual development of the process skill. T h e 
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 h o w it can be helped by 
the teacher. W e 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 w h o recognize the strengths and limitations of scientific k n o w -
ledge. 

57 



Developing children's process skills and attitudes 

T h e nature of progression in process skills 

DIFFERENT WAYS OF DEVISING AND PLANNING AN INVESTIGATION 

T h e following extract depicts ideas produced by s o m e children (aged 10 and 
11) w h e n asked to plan h o w to find out whether their finger-nails or their toe-
nails grew faster. Read the plans and try to arrange t h e m in a sequence, from 
the one showing least development in planning skill to the one showing most. 
It m a y be helpful to refer to the indicators for planning, on pages 53 and 54. 

Brian: T o describe it I would cut m y 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: M y test would be I would cut m y finger-nails and I would cut m y toe-
nails and in a week or two I would see how long they have grown and 
if m y 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 

m y toe-nails and I would also measure the length of m y finger-nails. 
At the end of the two weeks I would measure them both again and I 
would then know if m y toe-nails grow faster than m y finger-nails by 
taking the measurements of the beginning of the two weeks from the 
measurements at the end of the two weeks.1 

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 

• m o r e systematic; 
• m o r e focused; 
• m o r e rigorous; 
• m o r e quantitative; 
• m o r e conscious. 

W h a t these general trends m e a n in terms of specific process skills is n o w 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 

T h e 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. 

O n e 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 w e do not have direct access 
to their sense perception. W h a t 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 m e a n 
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 h o w a lump of sugar 
dissolves in w a r m and cold water). T h e converse question about two different 
things: 'What is the same about them?' should also be asked. Whilst there are 
always m a n y 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 m a d e for a purpose, however, and looking for 
similarities and differences just to see h o w m a n y one can find is only a g a m e . 
T h e 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 k n o w 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 m a k e 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 w h e n they put water 
into a jar with some soil in it, or watch w o r m s 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 w e expect to see, it is 
necessary to become conscious of overriding the influence of preconceived 
ideas on our observation. T o become aware of the way in which ideas can 
'blinker' our ways of looking at things is a considerable step in progress. T h e 
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 m a k e 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 k n o w 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. T h e clarity of the children's questions indicates the degree of 
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their awareness of what they want to k n o w and h o w 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. T o indicate too soon that science is concerned 
with certain kinds of questions and not others might deter the raising of ques-
tions. So w e should see asking questions of any kind as a first step to progress in 
this skill. These m a y be questions which ask for names , for information, for 
explanations; they m a y be philosophical or m a y address aesthetic values, or 
they m a y 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 w e can 
m a k e a good guess). If the question is rephrased to specify that by 'best' w e 
m e a n h o w 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 m a y 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. 

W h e n investigable questions are asked more frequently, it is likely to be 
because the children find them more effective, without consciously identify-
ing h o w 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. O n c e this difference is recognized, children m a y 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 ' h o w ' and ' w h y ' which are 
often not easy to answer: ' H o w do w o r m s m o v e without any legs?' ' W h y are 
woodlice hard on the outside and soft in the middle?' In fact these are well on 
the way to being investigable and it m a y 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. 

W a y s in which teachers can help children's progression in this skill 
include: 

• taking children's questions seriously so that they see for themselves h o w 
each kind is answered; 

• posing questions themselves in investigable form in science; 
• helping children to clarify their questions so that they can see h o w to find 

an answer; 

61 



Developing children's process skills and attitudes 

• 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 m a k e 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 m a y be several testable hypotheses consistent with evidence, as in 
attempting to explain w h y one kite will fly higher than another (tail length? 
weight? shape? area?), and testing by investigation m a y 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. T h u s 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 p h e n o m e n o n which is relevant 
to giving an explanation is a first step. 

Connecting the p h e n o m e n o n with a relevant idea from previous experi-
ence follows as the next step. Often this, as in the case of the earlier step, m a y 
involve only giving a n a m e to something, not proposing any kind of mechan-
ism which actually explains h o w it works or w h y 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. 

T h e 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 h o w one thing is supposed to relate to 
another, then this can be used to m a k e a prediction. T h e 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 m a y on occasion put forward a hypothesis which is 
not possible, although they do not k n o w this to be the case. Alternatively they 
m a y 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 w e 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. 

A s 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 m a y not be proposed formally as 'I think this is what is the reason 
for...' but m a y be expressed in questions posed or investigations planned and 
undertaken. 'Will the colours spread more quickly if w e use w a r m water?' (in 
simple chromatography) is a question which encompasses a hypothesis. 'Let's 
see if the water disappears if w e cover the saucer with cling film' similarly 
arises from a suggested mechanism, in this case for the water disappearing 
from a saucer. 

W a y s 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, w h e n appropriate, children can discuss pos-

sible explanations with each other and so c o m e 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 o w n (such as books, visitors, pictures or films). 

PREDICTING 

T h e 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 m a k e 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 
m a k e predictions which, in their minds, are justified by experience, even 
though they m a y not be able to express the connection clearly. 

T h e 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 m a y appear to be 
unconnected with the evidence which was available, although the child did in 
fact take it into account in s o m e unspecified way. Later the justification for the 
prediction m a y 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. 

W a y s in which teachers can help the development of this skill include: 
• encouraging children to m a k e 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 m a d e in a particular 

situation. 

FINDING PATTERNS AND RELATIONSHIPS 

T h e essential feature of this skill is relating one piece of evidence to another. 
T h e ability to do this enables children to m a k e 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 e x a m -
ple, on a summer's day the position of a shadow will m o v e steadily round in 
the same direction. T h e 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. O n 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 w e 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 w h o have longer feet than those w h o 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. T h e y 
tend rather to see the extremes - '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 m a y be associated with another. 

It is often difficult to k n o w whether children w h o m a k e 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 w h e n the statement explicitly embraces all the 
data can w e 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'. 

T o 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. T h u s gathering further information to check interpretations is a con-
siderable advance in the skill. 

T h e 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; 
• expecting them to check any relationships carefully and to be cautious in 

drawing conclusions from them. 

C O M M U N I C A T I N G 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 n e w events and particularly in reflecting on 
h o w 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 m a k e 
few records during an activity and inevitably are unable to recall all the rele-
vant observations afterwards. 

T h e 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 k n o w -
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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 c o m m u -
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 w h e n c o m m u n i -
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 o w n 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. 

T h e gradual increase in the meaningful use of scientific vocabulary is part 
of progression in the skills of recording and communicating. T h e use of spe-
cific scientific words is necessary since, as ideas become more advanced, they 
become more abstract and widely applicable (see Chapter 6); w h e n 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 m a y 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. T h e 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. 

T h e 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 h o w 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 m a k e 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 w h e n 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 w h e n 
they solve problems encountered in various areas of their work and play. T h e y 
m a y want to build something for imaginative play (a 'den' or a house in a tree) 
or scale a wall, to build a model or m a k e 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 
w e have discussed earlier. Here w e are concerned with the development of the 
skills of identifying a problem, creating a design, making it and evaluating it. 

Y o u n g children are beginning to identify needs w h e n , for example, they 
suggest ways of rearranging something in the classroom for the better conve-
nience of those w h o 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 c o m -
pared with another in these terms. Obviously this development is linked to 
increasing knowledge of materials and h o w 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. W h e r e appropriate they m a y m a k e 
measurements to assess h o w 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 h o w to produce a model or some other artefact 

and discuss h o w 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 h o w 

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 m a y be thought to 
precede action, in reality the two are often closely intertwined. Younger chil-
dren, for example, m a y 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. 

T h e 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 c o m m o n type of investigation where different materials are c o m -
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 h o w 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 h o w 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). W h a t is measured is the time taken for the drops to no longer 
stand on the surface. If the fabrics were compared, alternatively by seeing h o w 
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 h o w to proceed with the investigation, 
however, the matter of fairness will arise. Several unfair tests m a y 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 h o w to arrive at the result of an investigation is 
more difficult than planning h o w to set up conditions to test the independent 
variable. Children are at first very vague about h o w they will find a result of an 
investigation. In testing food preferences of 'minibeasts', for example, they 
think as far as 'see h o w they like each food' as if this would in some way be 
obvious. Ideas about measuring time spent on the food, or amount eaten, c o m e 
only w h e n the impossibility of judging what small creatures 'like' is borne on 
them in practice. T h u s precision in identifying what to measure or compare 
represents an advance in the process skill of planning. Further defining h o w to 
measure the dependent variable to an appropriate degree of accuracy is also a 
sign of this development. 

W a y s 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 
m e a n in practice; 

• reviewing investigations after they have been completed to consider h o w 
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. T h e 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. T h u s 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. T h u s 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 
o w n interaction with things around them. 

It is not possible to distinguish practical activity from mental activity and 
w e 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. 

Y o u n g children entering school have difficulty in small-muscle control 
and eye-hand co-ordination. T h e y like to draw, paint, pull things apart, pile 
things up and knock them d o w n . 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 h o m e can be adapted. 

T o help develop children's small-muscle control and eye-hand co-ordina-
tion, their natural tendency to m a k e models can be exploited. F r o m a start of 
building with boxes or wooden blocks, they can begin to m a k e more represen-
tational models, still using discarded materials that m a y be available from 
h o m e , shops or the market. E g g boxes, plastic cups, plasticine and glue will 
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c o m e 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 m a k e them 'work', 
which often means greater accuracy and choice of materials. T h e use of tools 
becomes important. Children of this age can be shown h o w to use a h a m m e r , 
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 h o w to do things safely, so that they are obeying rules 
which m a k e 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, w h e n these are introduced, the precautions which have to be 
taken to preserve them should be discussed and agreed. T h e greater the free-
d o m allowed to children to use their o w n 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 m u c h , 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 to 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 h o w 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 h o w 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 

O n e 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. 

W h e n the differences between one item and another are quantified, it is 
possible to tell h o w m u c h one thing is longer, shorter, hotter or faster than 
another and then relationships can be refined, patterns identified and pre-
dictions m a d e from them. 

T h e basis for saying ' h o w m u c h ' 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 m a y 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 h o w far a wind-up toy travels, bricks in a wall for comparing heights, 
hand spans, strides, etc. T h e 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 m e a n 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. T h e 
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-
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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 m a k e 
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 h o w m a n y different measurements are taken and h o w m a n y 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 h o w quickly substances dissolve, the result is unlikely to be 
conclusive if only cold and slightly w a r m 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. 

F r o m 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 k n o w n and the appropriate deploy-
ment of these is an important dimension of progression. 

W a y s in which teachers can help this progression include: 
• encouraging children to quantify their observations by questions such as 

' H o w m u c h more . . . is this than that?'; 
• providing questions for investigation which require measurement (for 

example: ' H o w m u c h 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 c m 
and m m and a micrometer, if possible); 

• discussing with children the accuracy of their measurements and h o w to 
increase this, w h e n it is appropriate to do so. 
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Helping children develop scientific attitudes 

As w e have said above, attitudes refer to generalized aspects of behaviour and 
are identified in the patterns in h o w people act and react in various situations. 
O n e 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. T h e y 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'. T h u s an important way 
in which teachers can help children to develop attitudes is by setting an 
example. T h u s 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. T h u s it is 
important to reinforce the signs of desired attitudes in what children do by 
praise and approval and to discourage negative attitudes in s o m e appro-
priate way. If this is done consistently it eventually becomes part of the 
classroom climate and children m a y well begin to reinforce the attitudes 
for themselves and for each other. 

3. Attitudes show in willingness to act in certain ways. T h u s 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'. T h u s 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 w h y attitudes have to be encouraged by example and 
selective approval. However, as children become more mature they are 
m o r e able to reflect on their o w n 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 k n o w what 
it is that they are aiming for. 

74 



Chapter 6 

Development of children's science 
concepts 

Introduction 

In Chapter 1 w e 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 n e w experience and to be tested against n e w evidence. This view of learning 
acknowledges that children do not c o m e 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 m a k e sense of the n e w phenomena they 
encounter as their experience expands. Sometimes the ideas which are used 
are not helpful (not 'scientific'), as w h e n children might use the observation of 
drops of sweat forming on the skin w h e n a person is hot to explain w h y drops 
of water appear on the surface of a cold can of drink w h e n it is put in a w a r m 
room (the metal 'sweats'). 

T h e notion of the development as change in ideas, rather than as putting 
n e w ideas in place without consideration of anything already there, has impor-
tant implications for h o w w e go about helping this development. Further-
more, if w e 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 w e 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 m a d e 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 m a d e 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 w h e n you hit it. T h e sound is m a d e by the bang-
ing. 

2. W h e n you pluck the rubber band you can see it vibrate and it makes the air 
vibrate into your ear. 

3. I can m a k e a louder sound by pulling the rubber band out further so it 
makes big vibrations. 

4. You can hear the school bell outside w h e n 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 m y ear on it but not if I 
don't. T h e 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 w h e n you hit them and 

then the vibrations turn into sound. 
8. I think you get high and low notes according to whether the thing vibrates 

quickly or slowly. 
9. I can m a k e the sound quieter by putting m y hands over m y ears. 

Y o u may find that, in order to do this, you need to think about just what are the 
main ideas about sound that w e want children to develop. For primary-school 
children these ideas will probably not go m u c h beyond realizing that: 

• sounds are produced w h e n objects vibrate; 
• sounds are heard w h e n 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. 

W h a t this means will take different forms for different ideas, of course, but 
these general characteristics of progress can be seen as c o m m o n across con-
cepts. S o m e examples will be given as w e 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 m a y explain this as being 
because the water has drained away into the ground. If water disappears from a 
fish tank, children have c o m m o n l y explained this in terms of the fish drinking 
it, flies drinking it (if it is open) or even people taking water out w h e n no one is 
looking! If washing is hung on a line, the explanation is often that the water 
drips down. 

T h e teacher's task is to try to enable the child to see these as related phe-
n o m e n a , all explained in the same way. T o 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. T h e 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. T h e n 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-
m e n a . 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 m a n y 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 w h o explain the drops on 
the outside of the cold can brought into a w a r m room as the metal 'sweating'. 
T h e 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'. T h e 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 m a d e 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 w a r m room, the metal should still have drops on it, 
because these come from the metal itself, according to this idea. T h e 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. 

H o w the children c o m e to realize that the air is the source of the drops 
m a y be via various routes, each individual (see page 77). T h e 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 m a n y tax even adult 
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brains w h e n 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. W e can 
begin, in the primary-school years, to help children use simple abstract ideas, 
but w e 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 

T h e early ideas of children explain things in terms of the presence of certain 
parts or features. (The d r u m makes a sound w h e n 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 d o w n 
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. T h e drum makes a sound w h e n 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 d o w n 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. T h e n 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 
w h e n no more can be dissolved. T h e n the idea has to be elaborated further, so 
that the relationship between the thing dissolving and the thing dissolving it is 
taken into account. T o explain this relationship there has to be some explana-
tion of what actually happens to the sugar w h e n 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 to 
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 h o w m u c h you 'squeeze' air and h o w m u c h space it takes up. It takes 
more force to squeeze more air into a bicycle tyre w h e n 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 w h e n the potato pellet pops out. At this stage, though, the relationship 
is in terms of 'more pressure means less volume'. It is only m u c h later, beyond 
primary school, that this relationship m a y 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 m a y 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 h o w one thing changes with another, but h o w 
m u c h 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 

S o m e indication of h o w children can be helped to advance their ideas emerge 
from the examples given above, but it is useful to identify some strategies more 
explicitly. T h e first step in any of these is to find out about the children's ideas 
and for this the suggestions m a d e 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 n e w 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 m a k e 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. T h u s testing their ideas in practice is 
potentially an important means of making progress. S o m e examples have 
already been given - in testing the idea of h o w 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 m a d e 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, m a k e the two bulbs light up 
as brightly as one does alone. 

3. 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 m a k e the cut flowers in the classroom last longer before 

they fade. 
S o m e 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 w h e n they have found the problem for themselves, but it is rarely 
possible to arrange this at the appropriate time. T h u s the timing and presenta-
tion of problems requires thought. It is best w h e n 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. 

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. T h e act of presenting ideas to others requires that w e put them in some 
order, articulate aspects which m a y only be vaguely formed in our minds and 
justify the statements w e 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 m a y cause them to review their o w n or to 
challenge an opposing view. 

There is m u c h 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. T h e 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. 

C H I L D R E N R E P R E S E N T I N G 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. T h e way in which this seven-year-old child has 
chosen to represent the beating of a d r u m , 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. 

T h e 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 h o w to show what is meant by words 
forces detailed thought about what they m e a n . M a n y words, for example, are 
used metaphorically by adults but taken literally by children. This was 
revealed in one child's drawing of h o w 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 d o w n 
from the sky to the sea. 

CHILDREN'S GENERALIZATIONS 

Attempting to m a k e 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 m u c h wider range of phenomena. 

Children do not need m u c h 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 m a d e 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 
m a n y 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. A n added benefit from 
this is also that it will develop the habit of regarding all general statements or 
principles as 'true as far as w e k n o w ' 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 m u c h of its value w h e n 
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. 

M a n y science lessons, however, are conducted in a way which denies 
these points. Children work in silence or m u r m u r 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. 

T o change these situations, which w e 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, w e begin by discussing the role of talk in learning. W e 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, h o w can w e be sure that they have 
understood what they mean? 

In the third section of the chapter w e consider communication through 
reading and writing in the context of science. Particular attention is paid to the 
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w a y in which children can be encouraged to keep records and m a k e 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. A s you read it notice h o w J is sorting out ideas in her mind: 

J: It's P's birthday today. He's 8 like m e , but I'll be 9 next month. 
T : Does it take you a whole year to get older? 
J: Yes . . . no, it doesn't. 
T : Are you any older today than you were yesterday? 
J: N o - I was 8 yesterday and I'm 8 today. 
T : So now that P is 8 is he exactly the same age as you? 
J: Yes. 
T : If I have something to give to the one w h o is older who would get it? 
J: P. 
T : W h y ? 
J: N o , I think it would be m e , because I was 8 . . . if he caught up with m e I 

would have been it before him and he would only just have caught up. 
T : Catching up - would that not make you the same age? 
J: N o , I don't think so. I'm older, because I'm 8 and a half. 
T : Are you getting older n o w - tomorrow will you not be older than you are 

today? 
J: N o , I'll be the same until April the 28th. 
T : What does older mean? 
J: If I'm 8 and I have m y birthday today and become 9 it means that... urn . . . 

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. 

T : D o you carry on growing taller as you get older? 
J: Yes, you do. 
T : Always? 
J: Sometimes you do and sometimes you don't. Because when I was a little 

baby I was very small and n o w I'm quite tall. 
T : What about grown-ups? D o they go on having birthdays? 
J: Yes, they do. 
T : D o they continue getting taller? 
J: N o . I don't think they do. I'm not quite sure. I think some people do, but 

some people don't. W h e n you're old you can also grow smaller. 
T : D o you know anyone who's grown smaller? 
J: N o , but I know people who've grown bigger. M y Uncle's grown huge! 
T : Has he stopped growing yet? 
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J: N o , he's still carrying on growing. 
T : Is he old? 
J: He's in his thirties. 
T : H o w old is old? What would you think is old? 
J: 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. 

At the beginning J contradicted herself about whether she was older than P . 
Later she confused being old in years with having the characteristics of old 
age. These m a y seem artificial problems caused by the ambiguity of our lan-
guage; the w a y w e use words like 'age' and 'old' with several shades of m e a n -
ing. H o w e v e r , language always has ambiguities and learning to use it m e a n s 
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 w e have m o r e 
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. 

T o 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 h o w 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 h o w P clar-
ifies the teacher's meaning of the word 'distance'. Perhaps she is already aware 
that w e 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 o w n was 
slow.) 

P: Yours says 10 to, mine's not quite on the 10. 
T : H o w 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 - u m - got a bit less time. 
T : Does that mean the time is really less? 
P: N o - 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 

m y watch? 
P: What do you mean . . . 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 : So is the end of the hand on the clock moving at the same speed as the hand 

on m y watch? 
P: N o . The one on the clock is moving faster 'cos it's got a bigger distance to 

move round. 
T : Is it still 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 w h o , w h e n asked the same question about the distance between the n u m -
bers 4 and 5 on the wall clock and on the watch, agreed that it was a greater dis-
tance on the clock. T h e n : 

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 m a k e any difference at this point. 
D ' s ideas need to be challenged by experiences which don't m a k e sense if the 
same time must m e a n the same speed. This means that for D the words must 
take on different meanings and these must m a k e sense both to D and in help-
ing communication with others. H o w talk can help in this is well expressed in 
the following passage from an A S E publication on Language in Science: 

W e talk ourselves into our own understandings by sharing our insights and prob-
lems with others. Most of us argue to find out what w e 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.1 

T h e study of children's talk w h e n involved in group tasks has s h o w n h o w 
important exchange between children is in challenging ideas. Barnes, w h o 
pioneered m u c h of the work in this area, called this 'exploratory' talk. H e 

1. Association for Science Education (ASE), Language in Science Working Party, Language 
in Science, Hatfield (United Kingdom), A S E , 1980. (Study Series, N o . 16.) 
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showed h o w 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 m a d e . 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 a m o n g children w h e n there is 
no adult present. In such situations, working on a c o m m o n 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'.1 

That there are positive advantages of a teacher not 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 

T h e right point at which to introduce and expect children to use correct 
'scientific' words for the p h e n o m e n a 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 p h e n o m e n o n for which they have no word and where children use a 
word inaccurately or with a very limited meaning. T h e 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 w h e n 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? 

T h e answer to these questions might be 'yes' where a distinction has to be 
m a d e between one phenomenon and another: w h e n 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, w h e n examples of dissolving are in front of 
the children so that they k n o w 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 m a y not even be impor-
tant. This m a y well apply w h e n 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 o w n descriptive labels ('the 
purple crystal' or 'the wriggly thin red w o r m ' ) 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.) 

W h e n 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 m u c h more 
abstract phenomenon of friction, the word cannot have the correct meaning 
for them and so would be unhelpful. 

T h e main principle here is to provide words w h e n they have meaning in 
terms of the children's experience and will be useful to them. T h e 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. T h u s there will 
come a time w h e n 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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T h e inaccurate or limited or over-inclusive use of a word in science is a 
normal part of children's learning. A s concepts b e c o m e more widely applic-
able (see Chapter 6), it is inevitable that the meaning of words has to shift. So 
w e 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. T h e y 
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 
m a y be using words intending a different meaning than the accepted one. 

T o develop better understanding, it is useful to discuss words with the 
children, wherever possible with s o m e direct experience of the p h e n o m e n o n 
available at the time. W h e n discussing what the children m e a n by the word 
'vibration', s o m e 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 m o m e n t to 
introduce another word to describe the intense colour. 

In s u m m a r y , then, the development of children's vocabulary can be 
helped by: 

• providing words w h e n 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 m e a n by them 
and developing this into m o r e 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. T o 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. S o m e occur nat-
urally and many are man-made. It is thought that ancient m a n 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 to a keet in a special way; they must 
point towards the m o o n and be rubbed together in a circular movement. W h e n 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 m a d e 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. 

C a n you n o w answer the following questions about keets: 
• D o they occur naturally? 
• W h a t can they be m a d e from? 
• W h e n do they m a k e a noise? 
• W h a t changes the pitch of their note? etc. 

Y o u probably can, even though you have no idea what a keet is. It is useful to 
reflect on w h y you do not understand and yet can answer the factual questions. 

Keets m a y s eem too fantastic to you, but this is only because you have a 
wide experience of materials. W e do not need to go into the realms of fantasy 
to consider what happens to children in circumstances where they d o not have 
the wide experience. T h e following passage from the Children's Britannica, 
about lasers, illustrates the point: 

F r o m 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 m a y 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. 
T h e most powerful laser sources are brighter than any others that can be made - in 
fact they are m u c h brighter than the Sun.1 

While these passages m a y not s eem very helpful in developing understanding, 
there clearly is a place for books in helping children to learn about science. 
Apart from books wh ich 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 h u m a n context through accounts of the w o r k of 
scientists and technologists, and stories of past and present discoveries; 

• linking to other subjects by e m b e d d i n g science within stories, p o e m s , etc.; 

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 h o w things in their experience work. 

G o o d communication through reading enables the reader to have a dialogue 
with the text, to question it, to be challenged by it and to m a k e it part of one's 
o w n 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. T o o often 
the only kind of written account which is considered in science is the formal 
report at the end of an investigation. For m a n y 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. T h e problem is that this is often 
a waste of time for both the child and the teacher w h o 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 d o w n , since they cannot remember everything which 
happens in an investigation. 

Allowing and encouraging children to use a personal notebook in which 
they put d o w n 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-
memoire 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 m a d e and drawing diagrams to show 
exactly h o w things were before and after certain changes were m a d e . Children 
need to learn h o w to do this and they can only do it by having and using a note-
book themselves. T h e teacher can help by suggesting what sorts of things 
might be noted d o w n , by giving hints about putting results into a table and by 
showing h o w 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 h o w children are thinking. T h e temptation 
for a teacher to 'correct' what is there should be resisted and instead comments 
can be m a d e 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. H e 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 m y rubber on the other. W h e n I put a peanut, the cotton 
went down.' W h e n her teacher saw this cryptogram, he made the following com-
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ments. T o 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 m a k e 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. T h e n I put a peanut instead of the rubber, and the peanut was lighter.' 
A n d this she illustrated with a fresh drawing of the balance in reverse position. 
A n d , what is more, she thought it was all her o w n idea.1 

1. Jos Elstgeest, W y n n e 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 

W e all ask questions w h e n w e want to know something, or w h e n w e are puz-
zled or curious about something. O u r questions show what w e do not know 
and what w e 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, too, in the way they are expressed, children's questions indicate 
their pre-conceptions (as w h e n a young girl looked at a particularly aggressive-
looking cactus plant and asked 'Is there an animal inside it?'). 

T h u s 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 h o w it behaves. In answer to these 
kinds of questions assertions can be m a d e which can be verified by investiga-
tion. Examples are 'Does wood float in water?' ' D o 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 h u m a n 
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 w h e n they met a marine biol-
ogist. (The age of the child involved is in brackets following each question.) 

• Is it possible that there are creatures we don't know about at the bottom of the 
sea? (10) 

• W h y are crabs inside out? (8) 
• H o w do sea urchins swim? (5) 
• H o w do you become a marine biologist? (11) 
• W h y is the sea salty? (6) 
• H o w old is the oldest fish? (9) 
• W h y do fishes live under water? (6) 
• What is the average age that fish live to? (11) 
• W h y 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 w h o asked them. 

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

It also m a y or m a y not be comforting to k n o w 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 m a y prevent children from finding it out and learning 
something in their o w n terms. 

Instead of thinking that every question has to be answered, it is best to study 
questions and learn h o w to handle them, not necessarily to answer them. 
W e can categorize most of children's questions into five types: 

1. Questions which are not asked for information but are really c o m m e n t s 
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 m a d e of?'). 

5. Philosophical questions ('Do birds enjoy making their nests?'). 
A s 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).) 

D o 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 w e should encourage children to ask. This can be done by example, 
w h e n 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. W h a t questions about the leaf can you ask the child that will start h im 
or her investigating scientifically? (Such questions m a y 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. 

Answers derived from secondary 
sources by talking/reading. 

T e n d to emphasize answering as 
the achievement of a correct end-
product (the right answers). 

Successful answering is most readily 
achieved by verbally fluent children 
w h o have confidence and facility 
with words. 

Promote science as a way of working. 

Answers derived from first-hand 
experience involving practical action 
materials. 

Encourage awareness that varied 
answers m a y each be 'correct' in their 
o w n terms and view achievement 
as what is learned in the process 
of arriving at an answer. 

Successful answering is achievable 
by all children. 
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Write d o w n 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 o w n ideas and communicate the fact that these ideas are 
valued - or whether (b) they are asking the child for information. 

T h e educational significance of the distinction can be seen from the s u m -
mary of their implications given in the table on page 97. 

QUESTIONS THAT ENCOURAGE CHILDREN TO USE 
SPECIFIC SCIENTIFIC SKILLS 

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

T h e 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. T h e n 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 m a k e 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 
• W h a t are the differences between these seeds (of different types)? 
• W h a t 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? 
• W h a t 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 
• W h y do you think these (dry) seeds are not growing? 
• W h a t do you think will m a k e them grow? 
• W h y do you think some seeds are growing more quickly than others? 
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• H o w do you think w e could m a k e 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? 
• H o w 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 
• H o w many seeds of each kind are growing? 
• H o w m u c h are they growing each day/each week? 
• H o w does the growth vary from day to day/week to week? 

To encourage children to find patterns and relationships 
• W a s there any connection between the size of the seed and h o w 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? 

• H o w m u c h do you think they will grow if w e double (or halve) the amount 
of water? 

To encourage children to design and make 
• C a n you make a device that will water the seeds evenly and regularly? 
• H o w 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 
• H o w 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 w e m a y encourage children to ask action or investigable questions, 
they will always ask all kinds of questions and these have to be addressed in 
s o m e way . B y emphasizing the value of action questions w e do not imply that 
only these type need be heeded. T o dismiss any of the children's questions 
risks deterring further questions and thereby losing a valuable source of infor-
mation for helping their learning. 

T h e following passages by Jelly from Primary Science: Taking the Plunge1 

describe a strategy for turning questions which m a y 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. H o w would you res-
pond to each? 

1. What is a baby tiger called? 
2. What makes it rain? 
3. W h y can you see yourself in a window? 
4. W h y is the hamster ill? 
5. If I mix these (paints), what colour will I get? 
6. If G o d made the world, w h o made God? 
7. H o w long do cows live? 
8. H o w does a computer work? 
9. W h e n 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 
'I want a direct answer', it might m e a n '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 h o w then should w e handle the questions raised spontaneously in science 
work? . . . 

1. Sheila Jelly, 'Helping Children Raise Questions - and Answering T h e m ' , in: W . Harlen 
(ed.), Primary Science: Taking the Plunge . . ., op. cit., pp. 53-5. 
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W h a t 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 m e a n those that require complex infor-
mation and/or explanation for a full answer. T h e 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. 

T h e strategy recommended is one that turns the question to practical action 
with a 'let's see what w e can do to understand more' approach. T h e 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 ' W h y is it 
like a ball?' H o w might the question be turned by applying the 'doing more to 
understand' approach? W e need to analyse the situation quickly and use what I call 
a 'variables scan'. 

T h e 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 
c o m e if w e consider ways in which the situation could be varied to better under-
stand the making of the ball. W e 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: 

• W h a t is special about the felt that helps m a k e the ball? 
• W h i c h fabrics are good 'ball-makers'? 
• W h i c h are poor? 
• W h a t have the good ball-making fabrics in c o m m o n ? 
• W h a t surfaces are good ball-makers? 
• W h a t properties do these share with the good ball-making fabrics? 
• C a n w e 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? 
• C a n w e turn the water into a poor ball-maker? 

Notice h o w the 'variables scan' results in the development of productive questions 
that can be explored by the children. T h e 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 m a y be led towards simple generalization of their 
experience, such as ' A ball will form w h e n . . .' or 'It will not form w h e n . . .'. 

S o m e teachers . . . are uneasy that the original question remains unanswered, 
but does this matter? T h e question has promoted worthwhile scientific inquiry and 
w e must remember that its meaning for the child m a y well have been 'I'm asking it 
to communicate m y interest'. For such children interest has certainly been deve-
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loped and children w h o m a y have initiated the question as a request for explana-
tion in practice, are normally satisfied by the work their question generates. 

T h e strategy can be summarized as follows: 

Analyse the question 
I 

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

1 
Carry out a 'variables scan' and identify productive questions 

I 
Use questions to promote activity 

I 
Consider simple generalizations children might m a k e from experience. 
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Chapter 9 

Science outside the classroom 

Introduction 

T h e environment of every school is a ready-made source of objects, happen-
ings and relationships to investigate. T h u s 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 m a n y 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 w e 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. T h e 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. T h e activities at the stations are brief and 
necessarily superficial, but they can be the start of further inquiries. 

T h e second section deals with deeper and m o r e 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. T h e 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, 

103 



Science outside the classroom 

shade or sun. Such studies provide opportunities to connect related findings 
into more widely applicable concepts. 

A n activity trail 

A n 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. T h e stations can be indicated by numbers 
on a rough m a p or people can be led to them by brief route instructions. T h e 
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'. T h e answer to the ques-
tion must be obtainable by some activity carried out on the spot-most c o m -
monly by careful observation, but sometimes by reasoning, measurement, esti-
mation or a simple experiment, and in m a n y cases, by discussion. 

A n activity trail can be set up many 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. O f course every environment and trail is 
unique and so w e cannot provide an example that anyone can take away and 
use. However w e can give some examples of 'stations' which have been used 
and which can be adapted to suit particular situations. S o m e 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. 
M a k e 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 h o w m a n y different ways can you do 
this? 
Select a frequent loud sound. Find out h o w 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. L o o k at the stones in the wall at the back of the flower bed. D o 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. C a n you 
account for the way they are facing? 
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7. W e t your hand in the pond and m a k e a wet print on the ground. 
H o w long do you think it will take to dry? Find out. Find a way to m a k e it 
dry faster. 

8. Look at the roof of the garden shelter. 
Estimate h o w m a n y tiles it has. 

9. Look out across all the land from the building to the hills in the distance. 
What evidence is there of h u m a n presence more than 50 years ago? 
W h a t evidence of h u m a n presence between 10 years and 20 years ago? 
W h a t evidence is there of h u m a n presence in the last year? 
W h a t evidence is there of h u m a n presence in the last week? 

10. Look at the two bushes of the same kind growing on either side of the 
path. 
What differences do you notice in h o w they are growing? 
Propose three alternative reasons for these differences. 

PRINCIPLES IN MAKING AN ACTIVITY TRAIL 

S o m e general points can readily be drawn together from these examples which 
guide the making of a trail: 

1. T h e questions asked are 'action' questions not factual ones (see page 97). 
2. T h e challenges draw the participants into more careful use of their senses, 

into making comparisons, postulating hypotheses, seeking evidence - in 
other words, using process skills. 

3. T h e 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). 

4. T h e 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. 

5. 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 w e 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 
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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 

T h e environment of the school is as rich a source of scientific information as 
any textbook. Like a book, however, it is necessary to k n o w h o w to read it 
before it can add to our learning. Children need to learn h o w 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 k n o w h o w to read the 'book of 
the school environment'. It will be necessary for the teacher to m a k e 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 h o w 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 h o w 
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. W h e n teacher and children 
discuss their work (what they say, what they did, w h y 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 T w o , page 201). 
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T o identify what preparation is needed by a teacher, let us first anticipate 
what children will be doing w h e n 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 n u m b e r of individual plants of the same kind 
and the n u m b e r of different kinds that are found. They can m a p the topo-
graphical position of plants of the same kind within the minifield and so record 
spatial relationships a m o n g 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 w h y a patch of 
ground (perhaps under the spreading flat leaves of a c o m m o n 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. T h e 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. T h u s the activities to be found under the title 'Children and their 
Environment' (Chapter 15) should be undertaken by teachers in the first place. 
Teachers w h o have never done such activities before should do them a n u m -
ber of times in different situations. 

O n c e 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. T h e teachers can approach the study at their o w n level, 
since challenges exist at any level of intellectual engagement w h e n investiga-
tions begin. At the same time, they can consider h o w children might engage 
with the minifield and h o w the various points of interest might be brought to 
the attention of the children. Activities at both these levels have added value 
w h e n 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 

W h a t science process skills can be practised in this study? W h a t did you learn 
yourself in terms of skills and concepts and what might children learn? W h a t 
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additional investigable questions can be raised from the observations? Does 
the record m a d e (map or description of findings) adequately represent what 
was done and found? W a s there sufficient evidence on which to base a reliable 
conclusion? W a s 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? W a s the time allo-
cated for the activity sufficient? H o w long might children sustain work on the 
area? W h a t instructions beforehand would be necessary? W h a t information 
beforehand would be helpful? 

About follow-up work 

What can be done with the information obtained? H o w suitable is mapping the 
area as a means of recording findings? W h a t can be done with the records -
would it be useful to put them together to represent a larger area or to m a k e 
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. T h e activities can also be more carefully targeted for 
different groups of children. T h e youngest children (up to 7 or 8) might for 
example best take a hoop to define their areas, throwing it d o w n almost 
anywhere and then counting the flowers caught in its area. They might be 
asked whether all the flowers look the same. T h e question then turns to h o w 
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 h o w 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 m e a d o w , or a moor, and finding out h o w 
seasonal differences influence a particular area, which m a y 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 c o m m o n characteristics. This adds importance to accurate 
description, mapping and the collection of samples. As for the latter extension, 
the observations need to be m a d e in the same minifields at different times of 
the year and the records have to be accurate enough for reliable comparisons 
to be m a d e later. Children will then learn not only about the seasonal changes 
but also the skills of accurate observation and recording. 

M O R E WORK IN THE LIVING ENVIRONMENT 

T h e 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 c o m -
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 to a definite layer or level 
above (and if appropriate) below the ground. 

'Working on a Transect' (page 206) takes a step beyond the close c o m -
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. T h e idea is to investigate a 
narrow strip of ground, some 20 c m 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 h u m a n s in passing over it or cultivating it. 

T h e 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 o w n 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 o w n 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). W h a t 
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 m a y 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. 

T w o points m a y help. First, one's o w n everyday knowledge need not be 
underestimated; it m a y 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. M a n y are familiar with the c o m m o n local names given to 
plants and animals which are found in a particular spot. Second, adding a 
descriptive adjective to a well-known general n a m e works wonders in helping 
communication. 

O n e can observe what things are like, h o w they behave towards one 
another, what their distinguishing features are and h o w 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 c o m m o n names of the plants and animals 
which occur frequently in the neighbourhood. This can be done gradually, by 
asking people w h o k n o w 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. 

W e 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 m a d e to apply a standard or criterion to the infor-
mation.' 

There are three points to m a k e 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 
m a n y others. T h u s 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 c o m m e n t , 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, w e 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 h o w 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 m a d e about where children are in progress towards c o m m o n 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. T h e 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 m a y 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. T h e 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. 

T h e importance of assessment as part of teaching 

T h e 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 
s u m m e d 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 o w n level, and are not m a d e to feel 
that they are failures.1 

S o m e 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 n e w experience is too far beyond the reach of a 
child's present ideas then the child not only fails to m a k e sense of it but also 
misses a chance of advancing his or her ways of thinking. Second, arguments 
in favour of matching c o m e from considering what happens in its absence. 
W h e n 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 m a y develop negative attitudes. T h e 
reverse can happen w h e n activities are matched to children's ideas and skills. 
T h e n the children can m a k e 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. 

C o m m o n objectives and individual routes in learning 

Misgivings are often expressed about the practicality of 'starting from where 
the child is', particularly w h e n it is agreed that there are c o m m o n objectives 
for all children. Does it m e a n that each child has to be treated individually? 
This seems impossible. H o w can w e reconcile the need to m o v e 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 
Advisory 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 
m a y 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. 

W h e n n e w children are received by a teacher, or a n e w topic started, the 
children m a y be at a range of different positions, A , B , C , etc. F r o m each of 
these starting-points the teacher can begin from where the child is and help 
the child m a k e his or her way in the direction of progress: 

6' 

T h e 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 h o w children m a k e their o w n 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 m a k e different sense of the same activities and their 
ideas and skills should be constantly monitored. T h e teacher w h o has informa-
tion about the varying points of progress of the children will adjust the help 
given to and the demands m a d e on individual children accordingly. 

Assessing children's ideas 
and concepts as part of teaching 

T h e 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, m a k e 
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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u.n: 

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 w e might ascribe to it, but this could per-
haps be checked from a written account. Similarly, what a child m a y 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. 

T h e key to gaining useful information about children's ideas from the 
products of their work is to set the tasks with this in mind. T h e 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 w h e n the 
class were studying some incubating hen's eggs. T h e 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. 

^ioKe for(l\>fWj 

a 0)1 Sc¿n 
b e toi<^ 

out- et 

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

/^rcL 

"if I Co M 5«c tirovj), o<\ trjj 

it w o W y \,ch \Yr a vtr 
C / . . C 1 T . 

Si dl 

(If I could see through an egg shell it would look like a very little yellow chick.) 
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Asking children to m a k e 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: 

"^ ' (I think that the water will run 
I U ^ A s 4 L A &*• „Jk, ,¿J£ to the bottom and will drop on 
<jp to u * V ^ U ^ =JL ^d& the floor until it dries.) 

Children can also be challenged to use their ideas to say h o w a particular 
change can be brought about. W h e n asked if they thought you could m a k e 
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 h o w you could slow d o w n 
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, w h e n studying 
h o w m u c h force it takes to pull one surface over another: 'What could you do 
to m a k e it easier/more difficult to pull it across?' Ideas about the pitch of sound 
when blowing across bottles filled to different levels with water: ' H o w could 
you m a k e a lower/higher sound?' Ideas about what makes things float: ' H o w 
can you m a k e a floating object sink, or a sinking object float?' Ideas about cur-
rent in a simple circuit: ' H o w 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 . T h e general forms of these 
questions are as follows. W h a t do you think is happening w h e n . . . ? H o w do 
you think . . . works? H o w do you think . . . happens? W h a t do you think will 
happen if . . . ? Could w e m a k e . . . happen more quickly/slowly, more/less 
easily? H o w do you think w e could m a k e . . . 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 m a p 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: 

T h e arrow indicates the direction of the relationship - flower has petals, not 
petals has flower. 

W h e n several propositions indicated in this way are linked together the 
result is a concept map. 

M a p s drawn by children can be analysed to give information about the 
ideas the children have about relationships between things. T h e 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 
m u n g 
cress 
air 
petals 
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Any relationships can, of course be the basis for concept maps . Here is a 
girl's m a p 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 m a p yourself if you have never 
done so. Try making a m a p of the following words: hot, cold, temperature, 
thermometer, air, candle, oven, burn, metal, plastic, insulation. 

If you compare your m a p 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 h o w the person thinks about the relationships. 
Y o u are probably aware that drawing the m a p 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. 

O n e 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. O f 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 h o w they carried out the investigation and often 
leaves m u c h 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: ' W e went into the corridor and took the string telephone 
with us. W e held the cup tightly and w e spoke into the cup and w e could hear 
very clearly and w h e n w e bent w e 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 w h e n the 
'bending' was tried. 

This ambiguity is avoided by observing what happens as the investigation 
takes place. This need not m e a n 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 w h e n 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 w h e n unexpected occurrences 
prevent a teacher from observing h o w a particular part of an investigation was 
done. 

T o focus observation, it is helpful to have a check-list, which has to be as 
m u c h 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 w h e n 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. T h e 
'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. T h e record m a y 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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1. W a s at least one relevant observation m a d e (indicated by something said 
or put on paper)? 

2. W a s something drawn or described clearly enough for it to be identified by 
someone else? 

3. Were differences between things or from one time to another noticed? 
4. W a s one thing compared with another? 
5. Were questions asked about what they observed? 
6. Were ideas suggested, perhaps in answer to their o w n questions? 
7. W a s some interpretation m a d e of findings by associating one factor with 

another? 
8. W e r e perseverance and patience shown? 
9. W e r e ideas shared with others? 

10. Were tasks shared co-operatively? 

A CHECK-LIST FOR OBSERVING OLDER CHILDREN 

1. Were relevant aspects of the phenomenon observed in the initial stages? 
2. W a s the problem understood? 
3. W a s the investigation set up so that one variable was changed at a time? 
4. W a s at least one variable controlled (for fairness)? 
5. W a s the variable to be measured or compared identified? 
6. Were measurements made either in setting up the investigation or later? 
7. Were measuring instruments used to the accuracy of the nearest division? 
8. W a s at least one relevant observation made? 
9. W a s an adequate set of observations/measurements made? 

10. Were any simple instruments used to aid observation? 
11. Were results recorded appropriately at the time? 
12. Were patterns or regularities in the results noticed? 
13. Were actions carried out in a useful sequence? 
14. Were any results checked/repeated? 
15. Were generalized and justified conclusions drawn? 
16. Were hypotheses proposed to explain findings? 
17. Were further investigable questions raised? 
18. Were sources of error identified? 
19. W a s perseverance shown? 
20. W e r e ideas shared with others? 
21. Were others' ideas acknowledged? 
22. 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 w e are concerned with in this chapter, that the 
assessment is m a d e w h e n children are working on different tasks and investi-
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gâtions. 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 w e have m a d e 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. 

W h e n 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 which m a y in turn be 
related to a national curriculum. 

SCHOOL P R O G R A M M E 

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

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

G E N E R A L P L A N N I N G 

SPECIFIC P L A N N I N G 

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. 

T h e 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 P R O G R A M M E 

REFLECTING 
on assessment 
of change ¡n 

children's ideas 

I 
G E N E R A L PLANNING 

of topics suitable 
for children and 

v overall programme 

\ 

IMPLEMENTING 
activities for finding 

out, developing and assessing 
ideas, skills and attitudes 

^ . S P E C I F I C P L A N N I N G 
of details of starting-
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 w e 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 m a y 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 m a y 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. 

T h e 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. 

A s w e have seen 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 m a n y 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 . 

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

Questions which test understanding of scientific concepts 

T h e 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: 

Which of these dissolves in water? 
sand 
salt 
cement 
chalk 

O 
O 
O 
O 

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 until they came 
to the salt. W h e n they poured the water 
in almost all the salt disappeared. 

Soil Sand Grit Salt 

W h y do you think the salt disappeared 
but the other solids did not? 

I think this might be because . . . . 

T h e 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. T o 
answer the question on the right, it is still necessary to k n o w 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. 

/if-

iß* 
iL' 

Chaffinch 

5 ^ - z ^ 

Swan 

The beaks are different to make 
the birds easily recognized • 
There is no reason for the 
difference, it just happens • 
The beaks are different because 
the birds eat different foods • 

1 

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

(b) W h y do you think they might eat the 
same kind of food? 
Because 

H o w 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 3 0 seconds. 

(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? 

The S P E E D of a 

means: 
how far it goes 

moving object 

how much force it has 
how long it goes on moving 

how far it goes 
none of these 

O 
O 
O 

in a certain timeO 

o 
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T o 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. 

S o m e 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 m a k e (or select) a pred-
iction about a given situation using a scientific concept; and to m a k e (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 ¡n the life of 
a frog, but they are jumbled up. 

A 

as— 
B 

«6 
D 

< $ 

c 

'̂ ¡̂r 
E 

Jfc 
Write the letters of the pictures 
in the order in which they 
happen 

A food chain shows h o w 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. 

D STOAT — RABBIT — GRASS 

• OWL — THRUSH — CATERPILLAR -«-MUSHROOM 

D FROG — LADYBIRD — GREENFLY 

• BLACKBIRD — BUTTERFLY — PANSY — MOSQUITO 

• 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. 

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

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

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

I 0 jjjfp 

T A / 3 iS Micktt'j hrueK 

It mwtd obng 

B 

^ 

H* wound it up. 

.G¿Bi> 

an¿ flk*i ¿kfptd 

(a) W h e n did Micky's truck have the 
most energy? 
Tick in the box next to the one you 
choose. 
• A Before it was wound up 
D B After it had been wound up 
• C W h e n it was moving along 
• D W h e n it had stopped 
• S a m e 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 light up w h e n the switch is pressed. Put a tick under all 
the drawings where you think the bulb will light up. 

Swi'fch 

D 

D 

D 

D 
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N o w try creating one question of each type which would test the following 
ideas. Choose the type which seems best suited to the idea. Y o u m a y want to 
create more than one question for each idea. 

• Air fills the space around us. 
• T h e m o o n circles the Earth, reflecting light from the sun. 
• W h e n 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 

S o m e 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 w h e n con-
sidering the following. 

T h e 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. 
S o m e children m a d e a 'sundial' using a stick pushed through a large sheet 

of paper, like this: 
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9.30 a.m. 

They set it up outside on a 
sunny day and marked the shadows 
on the paper at different times of the day. 

10 a.m. 

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 

9.30 a .m. 11.2 

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 d o w n how you decided where and h o w to draw the 
shadow. 

12 M M 

lpm 

2 p.m. 

3 p.m. 

5 p.m. 

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 m a k e 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 m u c h help in answering these questions. 

S o m e 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. T h e 
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 w h e n using the process skills. T h e selection has to be m a d e 
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: 
• to 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 s a m e as each other and three ways in 
which they are different from each other. 

Same 

1 

2 

3 

Different 

1 

2 

3 
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Plant 1 Plant 2 Plant 3 

ierd 

In this question you have to use the P L A N T K E Y 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. 

Follow the arrows until you c o m e to the n a m e of Plant 1. 
Write its n a m e at (a). 
N o w do the s a m e for Plants 2 and 3. 
R e m e m b e r to start at the top of the key for each plant. 

(a) Plant 1 is 
(b) Plant 2 is 
(c) Plant 3 is 

PLANT KEY Seeds packed tightly together 

round the stem 

YES N O 

Long hairs coming 

from each seed 

YES 

/ 

NO 

WHEAT 

Hairs on seed very 

much longer than the 

length of a seed 

YES NO 

/ 
BARLEY RYE 

Seeds in small groups 

up the sides of the stem 

YES N O 

/ 
Groups of seeds 

attached on short 

stalks to stem 

YES NO 

DUNE 

FESCUE 

\ 

Seeds attached to stem 

by long thin stalk 

YES 

OATS 

RYE 

GRASS 
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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. 

S a m put a drop of black ink on a piece 
of blotting paper and then a few drops 
of water. The ink separated into 
different colours. 

Whtta blotting papar 

uaing a dnnktng atiaw 

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

Pete and Jo built s o m e walls out of 
blocks of wood . The 'bricks' were 
arranged in different patterns in the two 
walls. 

They tested them to see which w a s 
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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W h e n w e cut across the trunk of a tree 
w e see growth rings. 

This tree has 
three growth 

rings. x^ 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 m a d e a model bridge out of two 
blocks of wood and a piece of card. 

curd 

O-*«—LJ— wooden block 

H e measured the span in c m and 
counted the number of 2p coins the 
bridge could support. Here are his 
results: 

Number of 
Span in cm 2p coins 

10 
18 
12 
16 
14 

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

(b) H o w many 2p coins do you think 
the bridge would support when the 
span is 8 c m ? 
I think the bridge would support . . 
. . 2p coins. 

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 

looking at the picture. 

• 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 

134 



Formal assessment of scientific concepts and skills 

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 
w e 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. 
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John washed four handkerchiefs and hung 
them up in different places to dry. He wanted 
to see if the places m a d e 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: 

• In the corridor where it was cool and 

sheltered 

• In a warm room by a closed window 

• In a warm room by an open window 

• In a cool room by an open window 

• All the same 

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

T w o blocks of ice the s a m e size as each other 
were taken out of the freezer at the same time. 
O n e was left in a block and the other was 
crushed up. 

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

W h y do you think this was? 
I think it was because 

DEVISING A N D P L A N N I N G INVESTIGATIONS 

Types of task: 
• to describe h o w to carry out a whole investigation of a given problem; 
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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 h o w the results of a given investigation can be used to solve the ori-
ginal problem. 

Michael m a d e some lemonade using 
this recipe: 

4 litres of water 
2 lemons 
500 g of sugar 
5 g of dried yeast 

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

W h e n Michael next made some 
lemonade he wanted to test whether 
this was true. 
(a) What should he change in the 

recipe? 

(b) What should he not change? 

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. 

Butter ^ — ^ ' - — - = 

Heavy 
steel 
ball 

o 
\ ^ ^ ^ Knife 

Felt-tip pen 

M a k e sure you say: 

Paper towel 

Drawing-pins 
H a m m e r 

Nails 

which things you would use 

what you would do 

h o w 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 m a k e a prediction and explain h o w it was arrived at. 

Planets 
move 
round 
the sun 

Planets 

Look at the following table: 

Planet 

Mercury 
Venus 
Earth 
Jupiter 
Uranus 
Neptune 

Distance from the sun 

58 million k m 
108 million km 
150 million km 
780 million km 
2,870 million km 
4,500 million km 

Time for one trip round the sun 

88 days 
225 days 
1 year 
12 years 
84 years 
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: 
D 10 years 
D 100 years 
D 100 days 
D 30 years 
D 300 days 

(b) W h y do you think it will take this time? 
Because 
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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 s o m e of the things plants 
need to grow. 

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

30-

2j ̂ 1 
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iMdJi«) ^ ^ ^ ^ ^ ^ H 

IÜ iĵ iĵ iĵ iĵ iĵ iĵ iĵ iĵ iĵ iĵ iĵ iĵ iĵ iĵ iĵ iĵ iĵ iĵ iĵ iĵ iĵ iĵ iĵ iĵ iĵ  

5 ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^H 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^H 
Il950l 19311195211953119341 » H i !9»l 19vl i9Sg| 1959I 196ol 19611 1962119631 19641 19661 19661 

Year ol 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 
the seaside are: 

Morning 

Afternoon 

Mon. 

6.10 

18.35 

Tues. 

7.00 

19.25 

Wed. 

7.50 

20.15 

Thurs. 

8.40 

21.05 

Fri. 

What time is there between the two tides 
on Monday? 

What time is there between the morning 
tide on Wednesday and the morning tide on 
Thursday? 

Write in the table what the times of the two 
tides will be on Friday. 
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1 c m , what is the area of 
this leaf? 
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f a netball Fill in the number of paces for these other 
long two sides points: 
es. 

(a) Starting from H you reach the centre 
c p ^~ i n u • 

Tli- - ?'~ 
Z „ paces —» and M paces? 

•̂ a 

F E by going 

1 1 paces —. and Q paces \ 

If you start from the corner at H, (c ) s ta r t ing f r o m H you reacp F by g0¡ng 

you can reach the point B by going 
8 paces _ and 12 paces Î. r j paces _ and rj paces T 

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. 

H e started (0 weeks) when it was 
just 5 c m high. 

These were the heights for the 
first 4 weeks: 

0 weeks: 5 c m 
1 week: 15 cm 
2 weeks: 3 0 c m 
3 weeks: 4 0 c m 
4 weeks: 45 c m 

Draw a graph to show how the 
height changed with time. 

S o m e 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 results. 

4 

\ 
S 

S ̂  s 
N 

an* 

/ 
/ 

/ 

, 

1 / 

r 

Distance from side A (metres) 

Use the graph to help you answer these 
questions: 
(a) H o w wide is the stream? 
(b) H o w deep is the stream at the deepest 

point shown? 
(c) H o w far from side A would you need to 

go to get a depth of 35 c m ? 
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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 s o m e information about different kinds of butterflies 
below. 

Butterfly 

Small tortoise-
shell 

C o m m o n blue 

Swallow-tail 

Painted lady 

Camberwell 
beauty 

Food plant 

Nettle 

Bird's-foot 
trefoil 

Fennel 

Spear thistle 

Willow, sallow 

Egg colour 

Green,then 
black 

Pearl white 

Yellow, then 
brown 

Pale green 

Red-brown 

H o w m a n y 
days for eggs 
to hatch 

5 

10-15 

6 

7 

7 

Colour of 
caterpillar 

Black with 
white flecks 

Green with 
brown line 

Black with 
white marks 

Grey-black 

Black with red 
blotches 

Colour 
of pupa 

Black, brown 
or green 

Green 

Green then 
brown 

Grey or green 

Brown 

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) O n e 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, w e 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 w h e n they ask themselves ' h o w good a job a m 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. 

O n e 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 w h o are clearly benefiting and this is 
satisfying for them and for the teacher. But are all children gaining as m u c h as 
they could from the science activities? In particular, are the girls as active and 
questioning as the boys? Are there children w h o avoid certain kinds of activity, 
for cultural or religious reasons? W h a t about children whose first language is 
not the language of the classroom? W h a t 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. Teachers can be helped by being aware 
of some of the k n o w n problem areas. Girls c o m m o n l y 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 m a y feel excluded w h e n 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. 

T h e process of evaluation 

Evaluation is the process of gathering information and making some judge-
ments or decisions about it. In order to m a k e the judgements or decisions, 
there have to be some standards or criteria with which the information is c o m -
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 m a y imply. W e 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 h o w clearly the teacher presented information to the 
class) but less so if a different set is used (perhaps about h o w active the pupils 
were in learning). This does not m e a n that evaluation is not useful; it simply 
means that w e should be clear about the basis on which any judgement or deci-
sion is m a d e . 

T h e 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 m a d e and 
the whole point is, of course, to m a k e improvements, not simply to pass judge-
ments. T h u s 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 o w n list, it is useful to consider what 
others have suggested as criteria for evaluating activities. T h e 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' o w n 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. T h e y 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 m a n y as possible of 
these questions. That will not happen for every activity and, for some, certain 
questions m a y 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 m a d e 
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 m a y c o m e from the activities suggested in Part T w o 
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 

T h e concern here is with the interaction of children with the activities, not 
with what they have learned, which w e considered in Chapters 10 and 11. T h e 
distinction is not all that easy to m a k e , for the two are closely connected. W h a t 
w e 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). T h e idea is to reflect on 
whether each of these has been noticed. T h e 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 m a d e 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 o w n 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? 

• m a k e decisions for themselves about what to do? 
• use equipment effectively and safely? 
• measure something in setting up or finding results from an investigation? 
• m a k e a prediction based on their o w n 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 m a k e 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. 

M a n y 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. 
T h e 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, w h e n 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 k n o w what they are doing (this doesn't m e a n that they 
are not thinking for themselves; their task can be to c o m e up with ideas, with 
questions, with plans for an investigation, to report to others); (b) the activity 
has been structured so that the group m e m b e r s 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 m a y 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. 

T h e second massive obstacle to working in a way which meets these crite-
ria is time. C o m m o n l y 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 k n o w . Teachers feel that they have to ensure that children k n o w each 
element of this list and this is difficult because the very weight of the syllabus 
means that there is no chance for understanding. T h u s 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, m a n y of the multitude of separate facts which 
are listed have no relationship to the children's environment. Nothing is lost 
in this reorganization, but m u c h is gained in freeing the teacher to spend 
m u c h more time on the important, generally applicable ideas. Although this 
adjustment is not something which individual teachers can do for themselves, 
they m a y help national curriculum centres and professional associations to 
take action. 

Evaluating the teacher's actions and interactions 
with the children 

T h e 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 

todo? 
• asked for writing, drawings or other products in which the children 
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expressed their ideas about w h y 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? 
• m a d e 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 m a y disadvantage 

children on account of their gender, ethnic origin, religion, language or 
physical disability? 

T h e 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. W e have to pre-
pare our children for a rapidly changing world where they need not only to be 
able to apply present knowledge to n e w circumstances but to k n o w h o w to 
extend their knowledge. 

O u r children, therefore, need learning with understanding, which by defi-
nition is learning which can be applied appropriately and imaginatively. Chil-
dren learn with understanding w h e n 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. T h e 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 o w n 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 k n o w what learning they wish to bring about, but the children 
are the only ones w h o 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 m a n y different cultures, and it will do so in the 
future. In our teaching, and particularly in the written materials w e provide, 
w e 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 

T h e next four chapters of this book comprise suggestions for activities which 
exemplify the approach to teaching and learning which w e have attempted to 
describe and explain in Part O n e . Each chapter's activities concern a partic-
ular topic: 

• children and water; 
• children and their environment; 
• children and reflections; and 
• children and balances. 

O f 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. T h e presentation of the activities is also designed to indicate an 
effective way of encouraging children to engage in this doing. T h e 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. 

T h e activities within the four topics have been used with children and with 
teachers in training and they illustrate: 

• h o w ideas and information can be gained by active inquiry, by 'asking the 
water, or . . . the balance, or . . . the mirror, etc.'; 

• h o w process skills are used in this active inquiry; and 
• h o w inquiry leads to more questions and more investigations, which in 

turn advance ideas and skills, which lead on . . . and on . . . to more learn-
ing. 
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T h e 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 w e 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. 

W h a t w e are suggesting is that teachers and student teachers should work 
through m a n y of the same activities as proposed for children, for reasons 
which go far beyond trying things out 'to see that they work'. W e n o w consider 
the four most important of these reasons to be: 

• helping the understanding of the nature of scientific activity; 
• helping the understanding of h o w 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 m a k e steps in their learning also 
provide an opportunity for students and teachers to develop their ideas at a 
m u c h more advanced level. 

UNDERSTANDING OF THE NATURE OF SCIENTIFIC ACTIVITY 

In Chapter 1 w e described the process of learning as being m u c h the same for 
adults as for children. There are differences in the components of the process, 
of course. T h e experiences of adults are m u c h wider than those of children, 
the ideas they bring to bear in understanding n e w experiences are more 
abstract and generalized and they also have the ability to stand back and reflect 
upon the process of their learning. T h e important similarity lies in the way 
existing ideas and n e w experiences lead to the development of ideas and in 
h o w understanding results from working things out from one's o w n 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. M a n y 
primary-school teachers will not have had experience of this in their o w n edu-
cation and this must be m a d e good in their preparation for teaching. Doing 
some science at their o w n level can start, however, from simple activities such 
as can be undertaken by young children. T h e activities with the balance 
(Chapter 17) provide a good example. T h e 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 m a y well begin by 
investigating h o w the balance can be brought into equilibrium by putting dif-
ferent things on each side. T h e more precise observations which can be m a d e 
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. W h a t 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 w h o have had little experience of learning this way 
themselves. W h e n they have been through these experiences, then they can 
stand back and examine them, and understand what makes these scientific 
activities. T h e experience of scientific activity is not enough; teachers must 
k n o w that this is what they experienced. 

UNDERSTANDING H O W TO HELP CHILDREN LEARN 

T h e personal experience by teachers of activities which children will be 
undertaking can be the basis for discussing h o w children m a y tackle them and 
what they m a y derive from them. T h e 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 h o w 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 

T h e simple activities with water in Chapter 14 exemplify h o w 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. M o r e 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. W h a t 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 n e w evidence emerges, then more advanced ideas are 
needed and understood. 

A simple activity with water, such as 'floating and sinking', carried out by 
teachers, m a y go beyond identifying things that float and sink to noticing that 
some things which sink can be m a d e to float if they are placed on the surface 
with care. A needle or a paperclip can be m a d e to lie on the water surface and 
careful observation reveals that these objects appear to make a depression in 
the surface of the water. A n 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. T h e explanation 
for these observations in terms of surface tension m a y well satisfy children. 

But w h y should water behave in this way? T o 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 m a y help 
them to explain a whole range of other phenomena. There is still another 
'why', however, about w h y the molecules behave as they do, and w e 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 w h o m a y 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 m a y 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. T h e necessary knowledge for teachers extends 
to knowledge of h o w children learn in general and h o w they learn science in 
particular. It must include h o w to bring about this learning and h o w 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 

T h e 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-
g r a m m e . Teachers are expected to use them to m a k e up their work pro-
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g r a m m e s 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. T o 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. T h e activities in the 
chapters give a helping hand but do not remove opportunities for teachers to 
use creative initiative. 

T o develop the ability to use materials in this way, it is first necessary for 
teachers or student teachers to carry out the activities. T h e n their tutor should 
help them to stand away from the materials and consider them critically. S o m e 
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 m a d e and where n e w ideas m a y c o m e up for 
extending activities. During activities with water drops, for example, some stu-
dents realized, for the first time, h o w drops of water magnify. T h e y were off to 
find out h o w m u c h a particular drop magnifies, h o w this magnifying power 
can be increased, h o w the drop can be conveniently held steady so that it is a 
useful magnifier. T h e n they turned their attention to using these ideas with 
children, both in following similar lines of inquiry to their o w n 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 m a d e , 
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 m u c h 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 c o m m e n t 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 h o w to m a k e 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. T h e challenge for teachers in work-
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shops is not so m u c h 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. W h e n they try each others' there is a 
built-in evaluation. 

T h e discussion should bring out the pros and cons of worksheets and esta-
blish criteria for a good worksheet. S o m e of the following points m a y 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: H o w independently are the children working if they depend on a 
worksheet? Does the worksheet really leave room for the children's o w n think-
ing? 

Problems: W h e n 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 n e w question, or with reference to some 
reading? H o w can w e 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? Is it m a d e clear when an instruction should be followed strictly or 
w h e n 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 ' D o 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 g a m e . 

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 m a y 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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Chapter 14 

Children and water 

Introduction 

Water is a c o m m o n yet exciting material, freely available almost everywhere, 
which lends itself to an endless variety of genuine science activities. C o m m o n 
as it appears to be, water can be a source of wonder to children and to adults 
w h o 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. S o m e 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 m a n y m o r e 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 m a d e or improvised. Providing 
materials for the study of water is by itself an inviting challenge. For example, 
a zig-zag gutter system of split b a m b o o 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: ' H o w can 
w e m a k e it easier to water our garden from the well above?' This chapter indi-
cates m a n y simple materials which can be used for qualitative as well as for 
quantitative work. Most of the things d e m a n d only the effort of collecting 
them. S o m e , 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 m a d e 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. A n 
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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 p h e n o m e -
non itself is required here. At best this m a y be a good time to introduce the 
proper term 'surface tension', but it will only stand for a still hazy concept. T h e 
concept, however, m a y well gain in sharpness w h e n children have been 'heap-
ing drops' (page 176), w h e n they have experienced the problem of ' h o w 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 n e w notion arises from fresh 
experience, such as the adhesive property of water resulting in the p h e n o m e -
non of capillarity and 'soaking up' (pages 185-8). By the time children have 
undergone and discussed various experiences of surface tension, their concept 
m a y be rich enough to m a k e 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. 

T h e actual sequence of activities related to surface tension is rather arbi-
trary, of course, but every fresh experience provides a n e w angle or a different 
point of view which is a step forward towards a better understanding of this 
property of water. T h e 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 m o m e n -
tary satisfaction, which is correct though inconclusive and which leaves the 
search open for further hypothesis and investigation. Those w h o 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 
o w n 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 m a k e 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 w h e n they compare h o w 
different shapes of wooden floats of the same area can hold different loads 
(page 174). 

T h e idea of varying shape and size in turn is not included in the activity 
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yet. S o m e intuitive agreement that the area should remain the same while the 
shape m a y vary is all that is suggested. 

O n page 176 a further step is taken w h e n children start 'heaping drops' of 
various liquids onto various substances. Although 'heaping drops' basically 
asks for 'what happens if. . .' observations, these variables become important 
w h e n results are to be compared. W h a t can be varied are the liquid, the surface 
on which it is dropped and the n u m b e r of drops. T h e 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. N o w 
they can establish certain facts on the basis of evidence collected. T h e 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 m a d e 
obvious. This is a good opportunity to pay special attention to it, to point out 
once more what variables are, h o w this idea applies to these situations and h o w 
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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on ci to sm.uclû 

and. to 
Shaeor. 
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Oh, Jou t i'fc does n't 
ha/c to become, o. 
SIUCJÛM piasty ! 

Ox course. vJatei-plou 
¡A fun, and Spatters 
do splash around., 
but , ire.Qllij, it is not 
difficult to let eJen 
S¿¿ the difference. 

ith. Qdcl 

!«i ants t¡ 
Jbe.tkfeen_ 

cfajjroom. ! 

aid Won.ci.er Y 
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Floating and S i 
I<7T 

"3 
When children. \Jork 
vjiLK. \Joter ottel th¡nc¡s, 
Ont oj the. fit-it «¡«estions uinally ils: 

W k o t ha ppens if you 
t K \- O U) a (¡ill in vltai / e „ jancy) . 

i u t o Lke \Joter ? 

or: W h a t J./l float? 

W h a t vjfll ¿ i n k ? 

Ho*J"eJ"er, do not leaJe it 
ab tl-iot: 

Go beyond, t he fjues ti'on a^d W / A TC H : 

H O W does a block oj iJ"ood j-loat ? 

of a plcmk ? 

a tin. (empty) ? 

a bin. (half /nil)? 

a cork ? 

a Jar ? 
a piece oj styrojoa^n? 

a spoiacje ? 

a pincj-poiiu ball ? 

Hov/ m u c h oj ¿t is abo\je the surface, of 
bel ovJ tKe U"Qter ? 

Is it lying straight? oh tilted? Hoümucii? 

W K e r e doe-S o cork (or o pin) float : 

oj in a full 

cu 
bl i n. Q 

ho If full 
c u p J ? 
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C Q n y o" m o k e a pin., 

a pope.rc.lip, 

a need le. 

or a razor ¿»lade M o a t ? 

W i t h a s>¡mp\e ¡ last ru mertfc 
Qtteí o little patience ancL 
practice , euerwboe/y c«n do i,t 

Open a 
p a p e r c / / ' p 

Use. pliers 
to ineike 
a little. 
joot 

anc\ 
lovJer 
the object 
qeiitl \j 
on Lo 
the Jater 

Once, you qefc it ajloat, 

W a t c h , carejwlly once. more. 

Ho vf it j-1 oats , 

W h e r e it jloat s. tlie ««pi, 
jull QneL 

C o m p a r e a cork or piece oj kfoocL 

w k i c k jloots in. wTater ^itk the 

jloatii-iQ paperclip; 

look ujKere float i no object 

at-icL vjatei- touch. ! 
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ex n. L/ o u. m a -I 
Q S ink i no o!oje.ab j \ o a t ? 

T'ki .s is o potato <J¡Lk 
matchsticks stuck into it... 

HoiJ manu malchstick's-
er tooth pick i 

fond perhaps yon can Lkin.k 

of othe.f buowan.t fcHinjj.s) 

a re needed to make a 
potato float ? 

v u i no 

suaves 

ou t .. 

b -* 
altltOu qh. • 

i do that ij"i' fc k. 
' q ¿ t o n e ?. 
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Can you make 

Q j-\oai ina obj eat sink ? 

Tki's ¡s a -Small cork 
vjitk pins Stuck into it. 

-small nails or tacks» can 
be used , too. -

HouJ manu aim, (nails, 
tacksj o r t needed to 
m a k e a cork s i n k ? 

A t ijkat p i n d o e s the cork ¿tort to 
S i n k Cincl does it s ink to the bottom? 

\ P " * J «iptce«»!'• I 

"Pieces of baiiaOooei. 
are ee»»/ to stick 
pi «A into 
and one 
can. make 
measure -
menta 
<^uíte easily. 

n piece of vTood. s inks tJifcli 
IS" pillS S t u c k into it. 
H o w J m o i w pi^S vJou ld yea 

n e e d to vnake a piece ojf 
uioocf sink that is fcdice its 
Silt? 

Could you 
i-nak«. tlie 
cork float 
in Lke 
m i d d l e 0} 
the jar - ? 

half«J'ft«j 
doKln, 

) vntan. 

si ie 
0 you take 

t -J I tC ? 

G&V 

Look at 
tj'aat mjj 
piece of 
Lkafk does 
(Jkem. I put 
it m vJafcer! 
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rood- , fruit:-, f / s k - and ¿ou p-bms 

•skouid nei/ec be. thrown, cnjeuj, reql/u 
bejore, ha.J\na Joeen put to good (identifie) 

appens ¡J you place an e m p t y 
_ ^ tin. On. the kfotet- A urjo ce ? 

K ^ tit,« ,-t Heats,1 ( V e r A * J 7 " \ /á^l 

- H o j JÍIÍ it iiocfc ij- :t i'i P 3 o 
h i g h and rtqi-rej? "' 

/Jw2 

H o . J vj-fll a lokT o n et ^Ticle t in f loat? 5 § ? 

C O M you make. t h e m ali float itraiahl u p ? M o O : 

C o n you load, into 
y o u i- f I O a ¿ i n q tía 
Jaejore it (j«ítj s inks ? 

HokT m u c k vTaLer, 
•Sand-, 

kohTmcmy peos 
' . L mat-blti, 

pcpcj-tlipi, 
p e b b l e s , 
c o r k s , 
rubfcers, 

Is ¿tat ike. ¿ûiîie j-ot-
eiíery tin ? 

noij t o m e ? 

tfi a / » and Ï m a k e , a Hole. 

tJo hole.s 
mote, kolas in a tin... 

and float it on the. Joter . 

- D o e s it i»t i / f [loot ? "Foi- ko J lana? 

W k o t happens, ? 
W h a t de you iee j_n. the tin? 

Mcq-sure tke time, for one hole, 
U o , 
j- o m- , 
e-igal- kofeS. 

U k a t n a p p e n . 5 ij- vow p u t n^airlol 
Of p e boles into y o u r ¿in (kJith on 

jj Meosurt times 

AJ TS¿ulote or jgraph 

» n u m b e r o / lióles a«, time, 
j» number ef marlales ^$. tím( 

ei 

tulo. 
j-eur, 
t-iqhb holts ? 
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v>° 
^ t e p î 

Safclí n e - t i "-s sWo&-polish tins (*-Uds) 

J« ^ . ,-

are too ooocL to o£ *J^ ' . V , 

t h e j are. j i i - sL-c lass 
Sti e n t if ic e a u i a i-n en. L 
fot- a J « r i e tw of e.x.pe ri m e a ts . 

ey eon Joe used as CorûO boats *• 

- H o J m a n y rn ar,b/e.S , 
pebbles . 
S>ancL, 
cla^j , 
t U I n % S 

can. cae .boot corru 
w i t h o u t topolino , 

keei/ng oi/er, 
C o p S i i i n g , 

O r - S i n k inci ? 

V^rjat else can you ¡oad ? 

Ho*! can you load your boot in CQui l/¿r< t( frt? 

It ijbuíd Aje nice, to ma(<e 
little iJoocíen. "boots", 
cut O u t m di'̂ feren.fc 
S ko pes , b u t oj eaual 
arco.. 

o W o u l d t h e s h a p e 
of- the "boat" n-iattt 
a n « olijferencc to 
t't_S lOöeJirig Capacity" ? 

— C a n you pile, as manu 
marjales on a saware 
CIS oil a t r i o n q / e ? -" 

9 £\ nd drj¡ sancL ? 

o /^ ri<J ujnen Lke.se. 
loaded boats moJe. ? 

o In hoij m ein y iJaijS 
can you m « k t vouf 
boats m o i / C tjitnoufc 
fcowchi no Hz em ? 
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D R Q-RS 

HoiJ do you (node drops? 

- \ 

Or 

H 
h 

tkould. 
3tJ d 

o rm. 
oes 

Orte 

a d 
itself ? 

aid 

KOp 

' 

, 

W / k a t e x a c t l y d o cli-ops look like ? 

w k a f c ij a drops, shape ? 

Obsei- i /e v/er-Lf eloselw 

• Q h û ' n û i n q drop, 
• Q Î Q H I U Û drop, 
• Q ly/ng drop . 
• Q K u n n i n o d r o p , 
• Q f-a I I an drop . 

How 
Are 

Jbio ¡s Q cli-op ? 

Ij yaw cJravJ 

it With car«, 

then you k*o*¡ 

ho«) J e " ye« 

ob.se i-»fe el í 

Once you ktioiJ KoiJ to "mea.sure" drops, 
y o u c o n c o m p a r e : tOhích. Iiauíd m a k t i 

lorqei- o r S m a l l e r di-opi: - ijatet" ? 

- m i l k? 
- Spirit? 

- seo ujater ? 
) ijonder.'j " Oil ? 

- \/i n c q a r ? 

Soa 
JK er ! 
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H 

y 
eo pi ng di-o p.S 

ou c o a h e a p cHrops... 
b M t u/ftat h a p p e n s 

u s i n • «3 

"IK y heap i nci o m e drop 

i ja ter 
i p ir i t 
Soapy Joter 
Oil 
milk 
sea Jater 
\/¡ r\e.qar 

p I Q A t i C 
q l Q S S 

"CjoocL 
your Qrm. 
metal 

O ¡ I (aluminium) 
«̂  bJbet-

popec 
iJoxed paper 

vkiníish. c-Utfi 

o n t o 

I' 

D r o p s soak into 
.blotti «gpoper oi-icL 
m a k e ri n qs 

- ne.*SS print or 
coffee- filter 
can be. used, 
too. 

Would bdi's be <% 
reliable Oa 
ftieosure drops 
Ñnd Lo c o m p a r e 
bricír siz.e.7 

î  y o u clo ? 

o n t o t/re other: 

Look . 

C o m pare , 

and dlrad accurcrte-i^ 
kJ licit y o^i. at I: : 

vjaher 
«J 

On ploitic ? 

soapy vJater 
bj 

o n 3 lass ? 

1» 
* 

vjater on vToted paper, 

i a 3 N 

J^-TT 

•> 

^ 

dij^ereot I i o u Í d Í of\ 

uTcoced paper-, i •. tJater; 
x: Spirit; 3: ¿oapsud; M: oil. 

idem.. 

o n . a l u m i n i u m (oil. 

tafilete'*'«!- '̂  « * . . . 7 

o « uThatíi/er it ii... ' 
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H o w Jul I »s /u l I ? 

Collect s o m e small \iessels: 

I Í ke. J o o t t l e c a p s : 

or 
e.\Ten 
penholder 
caps: 

£>cre.\J - tops,-, f^ 

Smal l c u p s ; Ign.mim 

I ids o J J ars . . _ etc. 

"Hie* tî w a n d see. l-jov/ m a n u ; drops 

oj; vfater, 
or s o a p y ujater, 
of Sp i r i t. 
of- vTi negar, 

oj oil you can odd to a "full" \íesse.¡ 

Joejot-e it o\fe.i-flo>j£ 

\~\0^5 hiah can you heap 
t h e fi'cjuid ajboi/e Lke, rim.? 

\Jo u cai-v m a k e u .s e. o_f 

- eye - d r o p p e r s , 

- inject ion syrinae. s , ny 
~t\ e.M arc q o o d 

\ J toleJ y « \ 

*§& 

- - & 

Or, if y e w a r e cleiTei- e.nouqh, 

ordinary drinking s t r a i j ¿ 

\ J \ / c K drop m a k e s tkejbucket 
OiTerfioiJ? ^ _ N 

(The |«jt> 
one, 
) gueiS. 

a p p e n s í_J • 

you "heap" Ordinär» ijoter ûjboi/e 
the r i m , Jbut net quite os k¡gk 
as you dare., and. íWt-n. aclel a 
bii-ivj d r o p 0Í . . . SOOpy ujate.1-

Or any otker fi'quid. 
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a c i j-i XD i-o Re rs, 
L e t d r o p s dt-/'p a n d r u n 

- QIOI-ICJ 1/fcfcle. slopes of 
different angles», 

- a n d i-naclt oj (sheets oj) 
different m a t e r i o l j , 
Such, os plastic, 

kfoo cL, 
form ica, 
q I a S3, 

"slate., 
metal, 

and wotc-K vJ-e 11 * 

Otseri/c •• kouJ tine drops r im . 

iJJi¿? 

O 
c» 

¡Do the it. ht? 
- D o theu i-un (-äst ? 
- vjhat doejS their Speed depend on? 

" S - P *\ o«3le oj the I use. dtjjerenk 
' T V - ' Î K 1 slopes ? \ I liquids ? C?iji 

A n ci noi«f (or tKe. races! 

T^kc sizeable bins, 
pots, .buckets, .bottles, 
or vTots ancl let drops 
race each other clohSn 
the. c u r / e d . ¿ides. 

W flieh drop oj 

vJKick I / Quid, become s 

Champ i on ? 

- C o n you J-I'MCJ Q (J"aij to U r n k t O cirop <*Jin.? 

~ C o u l d you u s e straigh fc-Sided. Je.sse.is, ? 

- C o u l d y o u nie s l o p i n g s h e e t s ? 

- H o i J c o u l d y o u m a k e , drops fun shraiqht ? 

Hai/e you tried, d r o p s of ink ? 
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\Jkat tnore con you, do yJitk drops? 

O 
Vou con rncike. Q. pre.thy 
'Qood fiafieiltitS: 

¡&> ~Plo.ce. a. nice,clear 
drop on o. piece, of 
trans parent: plastic, ** 

(oiferrteodprojettor sheet) 

""Tr-u it out a .5 a I e n. s : 
- A c ui/iat di'itonte ofcei/e the object should / « K 

hold, it to «jet it irtto sharp foem ? 

- HoiJ much, (or little) cqn ŷ ou sea 
0^ your object through, the kJafcer lens ? 

- Coa «ou tnakc your drop- lens qn^ 
bigger? Jje-tttf? Kowncier? clettrtr ? 

- won id another lia met fc^.otl) make 
Q .better I ens ? 

Whatever you find: a vToterdrop lens comes in 
hcmeL| tjhen. you. h«Je no handienS on yon , 

{30 
A dt-1 pp i"nQ top 13 Q clock . 

\~\0\J can y o u adj'ust.Suc/icicloc 

- ri od can yon rneasur 
... tJitk a Wnppinq Lap? 

k? 

I! 

HovJ 

Ho«J 

re Lime. 

Pi" 13 

O u t oj- tins yow can 
m o k e . iJater-tlocki: 

A tin vT/tri a kole. ? 
ßut . . . k/OMldn'L' yflu. 
qefc Q stream of iJafcer ? 

And if you co Je i' the 
hole u/.'fck j-flterpaper ? 

V/ou cou I cl let tne 
'iJa tel- Syphon through. 
Q Cottött thread. Oi/er 
the rirri into Q measiir-inq 
|Qr- ( h o m e - m a d e ?,) 

do you vj"incl these clocks? 

do you keep them run ruino ? 
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f^ Lt, 

ore. s p I Q .s In e d_ drops 

U s e coloured vjo t e r 

Jieet foot /Mice is cheap, 

IriKS and dyes are. de.ar, 

Uofcercolours ore. e.x.pens ¡Se., 

ro od col our i n a clean. . b w t 
rath.e.i- f-oi-biSdine^ . 

Vi ko t h a p p e n s with drops \jkich. are. 

dropped f-roi-n a he.igkt of 10 CfTl, 

25 cm, 
50 cm, 

\00 cm, 
150 cm, 
zoo cm, On. to p a per ? 

vJ"ax-pQper ? 

jg I Û S 5 ? 

p l a s t i c ? 
stone ? 
I i ri o I e. u m . ? 

Goodness mef 
Shouldn't 
you raihtr 
go outiitle' 

-rite iixeiS ' 

>r... Into a p a n of vJ"a fcer ? 

Or clru .sand? 

C o l o u r e d . JSpotterjs vow can. saJe.. 

TTtey "Write" their ovjtx i-ec©rel&---
. . . but you should. \Jribe. the 'ijliat happens if..' °¡"t¿íion. 

next bo them, otfieruJise yOM âi>e a n W e r 5 
ij it h out au es tiens 

V O M can alio m e o s u r e t h e m y and m a k e a c^t-aph. 

Look ab the 
Question aboJe 
Qne( the ¿patte» 

""j beloKi! 
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'f 

yo 

11 i i I • I ' , 

i i . 11 ' . i ' 

s : 

S e t ' . ' / •• • ' ' ' / , ' / ' / , ' ' • ' • • < / ' ' ' 

d ro ps 

U s e fc.iicm! 

- W o t c h . InoiJ tke. rain jail 
• S fc ra ijj k t aio>Jn ? 
» & I a n.ci n et ? 

• uThot iSould make. the. rain slant ? 

h o p p e n s to raindrops \Jh.e.t-r tKeu 
drop do <J~n. ? 

• L o o k lokJ, j'uit aLoJt t he c¡ round, 
uShcre. th«y hit the eahtk 

" end »jkere they l-iit the sut-J-ace 
of- o pu del le 

o Whot , preci'ieUj, can you see 
Ha p pe.ni nu kiKere. a drop hits 
t H e _ u/atéTr I Vt « puddle. ? (ora pan?) 

you describe. Q puddle, m the rain 
Or paint i t ? 
O i— el re» •</ i t ? 
Oí" Síi-iq it , i'_f yi>M Oi i l i ! 

- V / k a t c o l o u r has bke J a t e r in a p u d d l e ? 
• C û n y o u copy that colour? 
• Go onol .sfcaiiet iomeK)kêre elie; 

vi h a t Colour H A S 
the puddle. no<J ? 
c a n y o u copy 

COM 

tki'i Co lour, . 
• Look. around, and see. 

if y o u ce¡n. j-ind ¿ o m e t h i r g 
e-l.se ©J- the .some, colour . 

Wutnw W h a t ii hard 
W)-»i _J »«J Kan it ^o. ins hard'. 
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f~ il: k e e p s rain.) na 

- \Skat does the fain, 
Of the. rain Jäter, 
do to the ^roun d ? 

the path , 
Q b a r e p a t ̂ -̂i 

-SO. ltd pit , 

Look on 
on 
in tke 
under- the t'ree, 
i n. the _graí¿. 

does the fa in iJ"a t « r 
t/ic clearest tracks ? 

look inhere, the Q 

O 

V/fiere 
leaae 

Did / ( ou C O M «A 
Alopej 

V/kere 
Vio tJ d 
Con 
the. 

Could yon make 
<a tni'ni-•'ii/et--syjteK 
y our se. If on a sloping 
A Q U C U patch oj-jreqníí 
C.r« - on Q dru day • \Ei^eh 

d o e s all t h e ra i n ijq t e r 

yon tnínK oj ¿orne iJow fco ^jolloO 
IJ"Q te«-? 

think 

A r e all r a i n d r o p s eaual in size. ? 

Sfcick Q piece, oj paper outside; hold it 
flat into the rat n ... Jor Just one. second... 

• Ivfkat c a n Lkis b e s p a t t e r e d , paper 
tell you ? .. . a b o u t t^nnl or uneoual si¿:es? 

' Hod manu drops did you catch? 

• C o u l d this ¿(rial/ e.x.periment tell y o u 
s o m e t h i n q ojbout (tJhot is) "qent/e" rain. n o a b o u t (nJhot is) "cjent/e 

¿T" ro i /i ? Or "han 

the •bf̂ go.esfc spatter, 
the smallest, 
the one Ohi'cH occurs most 

\vTkat exac t ly happened to Lite, raindrops 

ijh iheu hit q/aj 
hi ttim 

H o e s fhis also happen. Orten clew hiC q'ass 
p l a s t i c ? s t o u t ? dn-r s a n d ? q m a c k i n t o s h ? 
Q h a n d k e r c h i e f ? \aare. i^lti? k i n k y hair? 

nc| tue paper r 
fhis also happen 
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""TfTe. M a L k e m o b i c s of o. Shower of rex ig . 
! : w w : v ' , ! 

hl od "of course." 
\S the. K-ainjauge ? 

V v A / i a t do you ijont to measure.? 

. T f̂e ¿ize ©J ¿Ae. drops ? 

' c~fh.e. amount of drops? 
» T h e . au ant i tu of uTater that Kai Ja I |en ? 

• f̂fie amount of rainfall at a Qt\Ie.n. ti'in£ anct 
place.? 

con, you meoiui-e 

vJ"itK Q Vain qauae : 
¡th Q good, 5traic|''t-3idec/, L \ n ? 
Vth your "¿potter - pope»-" ? your .Spate er - popí 

\Jhat means-- "3 m m rainfall ? 

"Tne. reit y o u ha Je. to calcúlate. 
or to e..stímate . 

£ln estimate 
is I ike a. 
measured. 
quess 

Nov¿ calcúlate: 

aj"íííe. area oj tfie Acfioo/'S 
p'oy qreun-cL . 

b | / f the rain q a u g e me«¿urecí 
^ J 2 m m . ot rainfall, ho*i many litres of 

Vfoter je.ll on tke. playground ? 

And if tke iJhole srioüer je.il on an ar&a of 
I.S Square. Ki lome tres, and. measured Z K U M , 
K01J K e a ^ <Jas LHafc sho-J^f ? 

If ikdVop-S drop on your paper (A «•() in one 
Seconci, KoO i-nani/ drops , therv, drop on. ydur 
plougrouncLj-rom-a shower lästig to minutes? 
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W Q C & r and Jjĵ e. 

Water is q fluid.. 

...iont kou? does it 

_jj_ojJ ? 

Mo^emfiats and. cu rran.ti> 
11 bh.e U*ater are usuallu \n\fisihle 
Wilt i I you drop Q crystal oj- due , 
or a drop of- col our in. a (or i iik J 
nato tke iJ"afce.r 

Woter 
Qncl clue. 
Kelp yon 
so/Je these 
p r o M e m i . 

at does happen 'j 

y o u drop Q drop of 

dye or ink m a q lass. or 
Or Q Jbasi IT. , of vJoLer 

TRH a.á W4TCH 
tkí. »le teth i £>L| tkis Simple ze.chn.iCjije. 

-or ti-iek- V O M C Q la d r O k / ^Lilte 

Q |et/ seérets from tke vfater: 

•Houi does kiotci- rnoJe. ? 
• H o k ! does iJofcer i-nix. üitk 

another I ¡cjMÍ d ? 
«Hovj do cui-cftftts run., oi-Jlo«J ? 
• HovJ does the Jater at the top 

of the kettle heat up ? 
•HonJ long does tJoter- J kick, kas 

bee« stirred, turn round and. 
rou rid ? 

— or h«iJ 'oncj doe¿ ujater "rfiweinloei'" 
in Oh ich direction it J«S stirred ? 

»MovJ does a 
in ij"ater ? 

*HoiJ does Q dissolved -ora. 
dissolving- Substance ŝolute) 
Spread Unrouok ijoter ? 

throuqk nioiiinq kToter? 
through, ¿till wToter ? 
through cold v/ater? 

hot kfa ter? 
keotiiiq ijater? 

crystal dissolve. 
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WQ t er running upVJ"Qrd 

i m a belt sfciefc 

lake. t>Jo smal{ ßlctss plates, 

QUOI.QL" one end., yon stick 
Q match ¿tiefe between ¿hem. 

N e x t , tie. tíiem together ijith 
Vufaber-bands 

NovJ" touch. , iJifch the underside 
oí this contraption, the surface 
»f the iJ"ater in a Jsojitt _ . . 

V i h a t h a p p e n s to the tJatei-
-betiJee.^ the ßlass p la te s ? 

X > Q I J it. 

2 f Ufe.ll, Jhal 
Tj J die* J fce-" 

ü D e . 3 C K ¡ b e it. 

K 

? 
37 

w h a t happens ¡j 
you stand Q brick 
in a plate, pan or 

>t oc e >j «Jät-er 

or o rock ? 
or a broom-stick ? 
or Q piece of chalk? 
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L e t VSTQ t e r 

up Q siri 

c I /' m . Jo 

p of- paver 

Qnei you uSill J- « tt ci. 
m^ttw problems 
to tie. .soli/ecL by 
as mcmif experiments.-

In Jho.1: paper does, the iJafcer 
cl imb hi^est ? 

"Ill blott í no paper ? 
• In navJ-s pa oír ? 
' I r\ cop^/booK poper ? 
' In k i t c h e n p a p e r ? 
•In Orappinq paper ? 
• In iSal'lpajieTr 7 
• In toilet paper ? 
' I ft filter paper ? J pop« 

!ft doest t ' t -matter- iOhat- PQP er 

lj you hang 
the.se strips 
in o roij , you 
o^tomatitallij 
^et q ejrflp/j- f" 

nnd kovS does 
uTa t e I- c / i m b 

hi 'qh l< 

\ 

[/Oft pr Jo J -

in strips of 
cotton dolzn ? 
iJool ? 
n w I o n : 
plastic ? 
Celt ? 
con Jos ? 
m w s / i n ? 
/ i nen. ? 

" "Si 

/}ncl in strips 
o \ Lt-ouser le^ ? 
oj- .s/iirfcsleev/s ? 
Oj- coat tail ? 
of a m old sock? 

) try i L" in 

c o l o u r e d ijatei-
Suqai- ijater 
salt J ä t e r 

- Oil 
• Spiri t 
• lemonade 

i-nilk 

. . . ij ) a irr 
a l l o w e d fco---
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\fa r La bles 

1 

fí líorioble 

lí o QMOII ty 

Lhot may 
Of mau not 

\j you \Jartt to m o k e Oalid, 
Cs m pn i - i j ons , and. SO assure 
yourse,lj of- dependa kit solutions 
to your problems, you should 
compare, onlu one possibly 
different Quality at the some 
t i m e . 

Example 1- to So\<Jt the. problem: 
"tJkick liquid r\ses Hjgliest ? 

you mau use.: 

çji{fe.re.n.t I ¡quids , 

b u t : the S o m a paper 
oj the, same. Ji'dtk, 

d i p p e d to fche. S o m e depth, in the. 
liquids 

romple 2 : Lo so/i/e "rlod does the uSidth oj 
" the atrip afjecfc tke. rise 

of the. ufate.1- ?" 
you must use fche same, kind oj paper 

and bhe. ¿am e. Houid, and dip 
Lhe strip to the .Some, depth in it. 

Only the uiielth. of each strip may diff er 

£^fhi¿ ¡S Called. 
"Controlling the 
\TcnriobltS" t'n an 
experiment . 

) control 
a kTkole bund;. 
OÍ Jan'« fei« S 
e<Seru claw ' 

K e e p tin's in mind, and you can solJe many problems. 

L i k e : H o u fast d o e s a liquid rise in 

- d iffe-rant pupers ? 
(HfliOjoi-) - dijjere*.t 'te'xtile* ? 

- d i f f e r e n t bricks ? 

A n d . - . H o O . J - Q - s t d o clijj event I ion i d s 
rise, "na -- - papers ? 

textiles ? 
britki ? 

H o « J vToulol y o u control Jarialolts here. ? 
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How come 

    
        

     

the liquial 
Stops after 
a while ? Would it get - 
Does tt higher up 

dry up? if-Je Jrap 
thin plastic 
foil around 
Out Strips ? 

      

         

  

       

   ou can 

   
           

han )can leé 
par stri fC Water 

inside a co 7 creep over 
bottle and Sy r the side 
cork it! _ ofa jar 

f__ hack a 

thre&d of 
cotton. 

4 

a 
    

    

  

How does 
Water mode fe. 

Jam qoin 
Lo makea    

  

  

  

   

      

  strip o up a Found Z = 

ilter paper, fece 0 = 
Sand re Daper 5, oe z 
Water move - Ehvough ~ Sy 

aroune a blot a Sbar-shape, rae 
oF ink ora zig-zaq? 

    
) pul 
three 
colours 

     

   
     

    

     

  

) make a 
tr om aper with 
pa ere Pe Frole in 
sErip tk! Mo, 

three holes, 

No, four!

A n d there, are. plenty oth.tr problems 

Li's ten( 
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H o u s t. I- o t-i Q " is VTQte.r ? 

yon can "keep" \Jat&rdrop£ . 
/fc C a r r i e s p a p e r c / i ' p s , M C Ê c / i c s , Kazori>la.ei 

Water- "puII.«" it.se/J- u p . 
es. 

Is ijateh "i tro no 

Ho J -.sticky", 

or tenacious i!$ it? 

n n d kai/s yeu 
eJei- triad to 

Cut 
this 
Shaft 
Out 

paper 

I vOi- v? Separate t>Jo 

^ > ^ p - » r S ejla.** ? 

"V"'-
and 
jolel 
the 
toil 
zi3-

zoo ; 

* 
>• 
> 

£ 
r̂ i 
1 1 

a n d y o u get 

a fairer Surjace 

tension m c t e c 

It olio "mtoiMi-ej" 

pO-Siible Surjate 

tensi'ori oj- otiiei-

1 ion tels : at le«t 

y o u Can Compare 

T«.st touck the .surface, 
ejnef g€ntlw pull upt-iard: 

hoO for does the. zi^-ta^-
Sprinq exttnc) ? 

C o n you think oj Q irtore reliable, instrn me Kt? 

H o J a ¿out 
<Jets.ktrS to a. 
floating raz.or 
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ihe. .Surface. b e. n s i o n Jbol o »ice 

O 

C u t regular s h a p e s 

Out of strong pap&r or CQrcL 

— vJ"k¡ch you can rnaUt Jo tec proof 
bw dipping it in. Hot candle J a X — 

or Out ok plastic or mefcaf 
sh.e.e. bina • 

/—P 7 Fiat a pin fckrougji each Jíc¡»re's 

J ' I centre point , and Joencl ¿t 
to m o k e the shape Suspéndante, 
and keep it in Jbolemce.. 

Suspend one f/jwi-e, 
On a thread, J~rom the 
Jbqloitte, «ne/ br-i'nj tAe 
baionce. to equilibrium 
jirst. Tti*.n Itfc the. 
shape Jusi toucrt hke 
Sui-Jact of the kiste'-. 

KloiJ q^ci ««its ©J tJeïgnt 
(e.g paperclips) to tne . 
ofhei- balonce-arm , a n d count h c J many ai-e needed 
to pn/ f t/ie s/tape J»-ee j r o m fci.e u/atet-('.s he/e/J. 

f\|o«J" you can. compare, and find, out to Jnat" 
extent skape, size i*«r&*) , 01- e ̂ n kind of KOMÍO!, 
affect the. /iou.id'S ( tiic s/aterjj "holding pokier". 

iiind tke 
\ZariaJblef. ? 

wjherv yet( consider Saldino 
problem i Í ike : 

• Is Soapy ijtttei- stronjtr, or..? 

' Is one s k « p e ke.ld m o r e 
"fciqKtlw" fcka« onotker ? 

' nOWf con you compare fcke 
Jater's pull «n dijjerent 
areas ? 

lOkiek lianables shouli be 
kept constant , a n d OAic£ 
on« m a y iTaioj ? 

-fru Q««i m a k e dij_f,erent 
shapes «Jif« ¿be S o m e 
area , o n j olijjerent 
artas oj tke s o m a 
shape . 
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¡CE 
WATETí, 

UKere 
d o e s boilíi-iQ voûter 

STE4M 

a o f Cor you re tríc«/"e ¡ t ? 

. .ere is q cía.&¿ic eseperi m en t 
\Jh.tre.b<j o told olote ís fielcí 
in the j'et of steam co<ninj¡ 
from, a (JhiitJiioo kettle... 

) find this rather danaerous 
for cr\i'|eíre.ti .' EJe«. teaeHecs 
rOurn thei J-in^ er.S ! 

/R surpri-S/no investigation, is: 

Wjhat happens to tilt (Jotera temperature 

between, ice. Q H ¿ ¿team. ? 

Start iJiih o pan of ¡ceblocks (+ dater). 

n o / a a cKermometer in it 
and Worn notJ on take a. 
reaJinq e.{Te.ru minute.. 
Keep a. careful record, of 
the temper-ofcure-s. 
rleab the pan on a. stead a 
flame i Or on a hotplat&j 
and. le-b the. datar looil 
for at least jiJ~e. minutes. 

M o k e a c^vupW. 

W h a t does tkiJ ejraph tell y o n ? 

temperature 

9 
• 

t ime it 

in eC 

Mil H u Lfi J 

> 

M y clii lelrert leife 
makincj ice cubes 

->» äP com part ment of 
""* o reír¡aerator 

) fiQife sent ¿hem. 
Off iJitAi tilt problem 

of makino ice balls, 
or- ice Êjflj}-5. 
Or ice rinas, 

ndeed, any shape. or i 
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Evaporation and dr^ifUj u p. 

Jjvwi'nci ¿ne I Q uncir u seems io comm on , Jont 
,*_„ J"K.Qt exactly happens 

iJhen. the Jet clothes 
drj ? 

ara ing up ; 

HovJ kTet is üet ? 

HoJ dru is di-u ? 

Can you measure vTetneJA? 

O u t of Q ii'mple .balance V 0 0 1 C a t ^ m a k e a^gooá 
vje.t-an.cl- cAru m e t e r : 

Swspend. on one. Si'cfe a (measured) 
vje-t cloth or píete oj- blotting 

JBn'no, the kaiance m iapcr. JSritta 
¡OMiiibciMW ^ adding Small 
*)e.iakt& to the other side 

W h e n drying, the 
©faiec-t loses balance, 
a n d the -balance /cues 
eouilibn'um . 

iffi's ena¿l«i you Co 
measure the. time 
it Lafcei , a s ije.ll » S 
t h e Q u a n t i t y artet the 
s p e e e l Cor rate.) oj 
e. \Jc< n o \r a 11 o n . . 

(PS. \Jeißh the dru object jfi-st : then you knoJ 
hök) much, ijate-r it sfcill rtta/ns -.J crater 
15 I y a w ) 

M o u J , thi'nffiruj of Jar ¡a hie, s (dhi'th ones?J y a w c a n . 
Soli/e: ¿ D o e ¿ the plate (portion) makt o.^ d>jftrence. ? 

lathe sun.? the shade? the draught? 
On the cupboo.ru? In the corner ? Undeh tite table? 

¿ D o e s the shape m a ^ t Qny- dijjerenee ? 

Circular? Square? Yr ianqu lor ? "Ribbon-1 ike ? 

MB. 

X Does the orea ajj&ct the. rate, oj 
cJr y i na up ? 

Cul s a m e shapes, dijjarent Q<-ea.s; 
s a m e a r e a s , dij-ferent shapes. 
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s t his like. end. <* 

of cou 
i C Í O í l J 

rse, 
«.S arret 

TÍÍere is n o e u d , o\ 

.because. pfîQnij Que l ' 
pro.ble.n-is re.i-n.ain. 

Tnere. is muck more, to be done, 
¡¿¡th., one/ m M c k more to be 
leQi-1-ie.cl Ji'oi-n., KÍotec. 

''TrCin.k oj: - Vjatei-poJei' wokino tM»-bines 

sUd 

- w a t e r cycle. ^ 
\Jater préservaiion 

t M »- fc í 
ly erosion; 

\J"ork on. pressure ; 
h w d r a ulic.s. 

- U Í a t e r v / o i - ^ i 

- V io ter poll u fc ion. 
è purification 

- Solutions arid. 
SoliTai-it (¿J 

rrtokc 0 wjotei- -

ed'itrifcutien m ö p ; 
' dijfnaittle Quoi 

asiemble a toe »p. 
T í I te» i n o 

A n d kTkate^er Uv/es, 
liVes not, 
11 «/"es no m o r e 

in tke iJorld'-S vJatei-s. 

E.V'eryth./no i«, important, 
""̂  ¡S i (iLecesfcing. 

i s instructive , 
i S re/eJant. 

rit m a nu topic vjhicrt 

c a t c h e r your children's 

a t t en t ion , or yours• 

[ujst get s t a r t e d , 

and -see vJkere it e n d s . 

r/öd m ô n w suaai-
lumps clissolJe 
in bot. iSater7 

cofd 
Wfiot do you act 
It yeu eJapoi-ate 
S ea uJ a t e i- ? 
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Chapter 15 

Children and their environment 

Introduction 

T h e 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 o w n familiar world. T h e familiarity 
of the environment might be a drawback in so far as it can lead to taking things 
for granted. S o m e effort is therefore required to delve into the u n k n o w n 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 m a k e an effort. Not only does the 
teacher have to m a k e a biological or ecological survey of the school's i m m e -
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 n u m b e r 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: ' H o w can w e help the children to 
use their o w n 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 o w n activity plans according to the possi-
bilities and opportunities offered by this environment. 

T h e aim should be to help the children to approach their environment, or 
aspects of it, with a n e w scientific look, so they learn to view it as a whole, in all 
its complexity. S o m e activities suggested in this guide do just that: working on 
a minifield, or a transect, means observing it as a community in which w e try to 
unravel relationships and interdependence, and other influences. W e start, 
however, direct from the touchable, observable and very concrete materials 
and situations of our children's real environment. 

O n pages 201 to 203 are ideas, often in the form of questions, about h o w to 
study a minifield (a small patch of ground, clearly demarcated in some way) 
and h o w 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 m a n y more. 

W h a t 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. S o m e such surprises were expressed by a group of teach-
ers w h o , during a workshop at their school, attempted the exercise n a m e d ' A 
Biofield in Layers' (page 205). A n interesting area was chosen at the edge of a 
stretch of woodland where the undergrowth began to give way to open grass-
land. T h e teachers were told to study the area in detail, to sample samples 
where desired and to prepare an accurate m a p , illustrated with sketches, draw-
ings or real samples. 

T h e 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 h u m u s 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. W h a t they 
had formerly dug up from schoolbooks they had n o w dug up for real, and their 
comments expressed satisfaction: 'I a m going to do this with m y children.' 

M e m b e r s 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. T h e 
elbowing action of leaf rosettes c a m e 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. T h e 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. 
T h e 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 m u c h notice. T h e most pleasant surprise, however, came 
w h e n they presented and displayed the records of their findings: five annotated 
maps , filled with sketches and fresh samples, which contained so m u c h more 
information than they had expected and revealed such a high degree of crea-
tivity that they m a d e two comments: ' C a n so m u c h information be found 
within so small an area?' and, looking at the five very different representations 
of this same area: 'Have w e 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. 

W h e n 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 s w a m p y edge of a pool) its o w n colour and 
character, along with prevailing physical and climatic conditions as well as the 
influence of inhabitant fauna. T h e lonely ant w h o happens to pass by is of little 
importance, but the wriggle of eating caterpillars certainly is to be taken 
account of. 

F r o m 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. W h a t does the plant tell about itself? T o 
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 n o w 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 
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Children and their environment 

for comparing and finding similar structures related to similar functions. 
Further work m a y lead to simple experimentation. 

T h e role of language (plant words) is placed in its proper position: as a 
vehicle of thought and a m e a n s 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. W h e n 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 m a k e 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, s o m e activities on animal life are suggested with great emphasis, 
once more, on observation and finding relationships, particularly with the 
environment. 
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Children 

do Science 

in their E N V I R O N M E N T 

Jos Elstgeest 



Children orient themselves in this world. Continuously they try 
to accommodate themselves a m o n g the m a n y 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 m a k e 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 complexity. 

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 m a y 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: ' H o w can w e help children to 
use their own environment as a source of learning?' 

You will not find 'ready lessons', simply because it would 
be impossible for an outsider to m a k e these up. Every school's 
environment is different from all others and therefore unique. 
Explore your school environment, which you share with your 
children, and m a k e 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. S o m e activities suggested 
here do just that: working on a minifield, or a transect, means 
observing it as a community in which w e try to unravel 
relationships and interdependence and other influences. 

W e start, however, directly with the touchable, observable 
and very concrete materials and situations of our children's real 
environment. 



Work 

-Chooift a pie.ce. o} j¡round ^fhicli, 
for SOi-rte treason or ortaUtf, looks inkei-estinet. 

It ire.ee/ not be oj- uni form appe.aran.ee.. 

Use. sticks, ¿lots at- s ti-i 1-13 fco mark or 
p£fj out a. square o_f, sajj , ixi metre.. 

se a hoop, 
at qi^ei m e -
i-outad iouare 

metre. 

M o v í -Study t/lí¿ ITtí Klíjl'elci C Q|-e_ft</(y 

Qnc¿ map it : 

- W h a t lies there? % 
- W h a t ¿ít¿ there ? 
- W k o t motfes there ? 
- W h Q t ĉ äOls there ? 
- W K a t creeps there ? 
- W K a b ^KOÜJ L-h.e.re ? 

- W k a t dî gi creJug tkert? 
- W h a t liVtA there ? 
- W h a t made a home, there? * 

¿v\V 

i 
•1 -2j 

-ríiti is nice 

jgroup iJork! 

Let s \Jork 

t o o e è H e r 

O n i 

L 
t. 

^ 

li y o u take a conJenient shape and. measurement, 
then i fc is i/erjf ea¿y to m a p things oetwi-ately : 

\TariouS kinds oj- plemfcs , objects, stones, holes, 

¿e.eds. jiru\ ts , seedlings, animals, droppinjs , 
peels, fcheov^-akTciys, cmd other bits and. pieces . 

) lost rnjj 
Ked pehci I 

recently. 
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I \ry and ¿>e.& 

î  you can find. fe.\ct fc l o g sh i 'pa 

JsetiJcen anjj oj those hkinas youf-ihd in. 

youi- minijitlcl: 

~Re.\ationskipS ... 

Jocfc wTeen. in el í Jiciua Is of 

On.& k i n i , 

. . . between dijjerent kinds. 

. . . b e t w e e n , plants and am mais , 

... betjattt plants anei people, 

... betuTe-t-ri. plants and tUtnqS, 

... hzbtSee.n animals and people, 
. . . be.tiSe.eirx. animals and tU.it,aSt 

... JbefcJeei-i tki*c,s <*nd people 

Could you ijt-ibe. clotJn wjKot you find Or think ? 

V/ou m a y droiJ, or s k e t c k , or paint to make. iL clear. 

.Bettel-.- talk about ¡t jirst: 

/ ) Tftunel ajretn. 
Spi'tt(«-!o«<j on 
oert«n stolk 

jQ|[ J"e>ed(i'te 

under a 

¿tone.. 

Under buiíits 
only moïses _gt-oJ". 

ful! oj- de«o* 
j-liei. 

netody 
Lra**pltd ail 
oiTec- oui-
jloJexS ? 
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"Perhaps 
Som€ bodtf 
PaSSU fchrfluC| h. 

your m ¡ni field, 

- Vfhere. f 

L o o k o.\so j-or relo t ionski ps 
¡fŷ  . b e t w e e n , (tkin^s vTitKin.) tKe 

^ ^ iní ni'Jíelct and (those, in) 
>rys the. laraer *5orld iJitheu t. 

^ 

* * ? • * * * & « ' « * ' • , * * 
rom. 

UÍhere. to ? 

•Se.e.c//irie¡.s c o m « from jeedi . . . 

"f'rom ijhere come. the. s>e.e.ds ? 
Can yen find parentpfants QrOund. ? 

\Jh ere. M, tw • rar a¡Jetij 

LeatT 

C a n you f 
2>o h7 

ÍS \yina aioout Jere b/osjn jrom 

/eu find kre.es SomeJhere near ? 

Jhere 

yen f i nd. creei Sffmeutsr 
:>ieii koi/e similar lea Je s ? '«* 

L o o k carefully , too, at iJkot .sits on4 /iJes 

<-J n eJ e r*»-i e o t h. , and at the. iaotbom of 

y o Mr rni n i h t el cL 

And do not forget to^look. 
ofc tjAiafc honJ¡j aboi /e i 

In ofrh»r 
study yo 
lit i n í £ i" e. I 

ijifch o r t « 

Core, b« 
not in. 
¡ s o I o b í o 

If- the. Crii/drert COh-iport fcheii- finding S 
recorded, on L-heir rnin.ijie.ld n-iaps , 
it Joulcl QcJcl m e o n i n û Üo their conception 
of the character 0 / a larger area. 

203 



V 

ri i H L J / S . 1 cl 

and Mqai-use 

studied miVii-

jieíds at He 
edge of a. 

Surprise. 7 
riy it , too r 

W e m a cíe a. 
iTege tat ion. study 
Of 3 Iqrgei- orenj: 
O iJocct, o hi'li-side-
KJCI5 tel oncl , a M oí. 
o n em. ¿)o n. k ni e nt , 
fay -SOmplinq anot 
comparing tniniji&l 
"fijen iJe .Spreaet. oMt e 
i+tafli in the aijei-ntl/ 
fcq/T. 

Mi«. 
j«it moke 
Lheir o<¿n 
minijizlds: 
<j they jind 
thei-e ii no jloJer, 
Lhey qo and pinch. 
tKeiTL from e /seJhere / 

M y mVic-^eai--
oieLs j'ws t loJe 
Separat/na and. 
Sorting "sorts 

[ 

°Í «¿tij-ie/eli 
vjof-̂ i like 
O Ll'dniett 
one/ it does 
Hot kaJe. to 

^ be o sfci-aíflkt 
li'ne. 

Fach child 
fctm-Mceí to 
Hi's of hei- "oiJti" 
min.ijie.ld eóiry 
.Season. Que/ kept 
Pooct recordsoj 

\jkat iJoi changect 
Quel iJhafc kJ«S pei-Miq-
«ei-it. 

Oui- teacdei- jaife 
ee»cíi of M S A. 

mini'f ield. fco uíeed, 
lia h.i¿ ejorden / 

kíe couFcl kee.p 
the tSeeds, he 
Send. 
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H Z5 i o (• i eIc¿ in L a y e K ¿ 

L o o ^ for o n interés ti nc¡ 
Jàpot Some iJhere. nearby 
where, fckere is plenty of 
a K-otJ th.. 

Pe_g out o small area 
o^ i e m e ¿ x 2. nxe.tres. 

"Ten to jijteen children, 
(.students) con iJô Ac on this. 

Form small groups and cliVicíe th.e. uíorU : 
to m a p £hi's oi-ea íI-I_ S" iayer^. 

Group I PMQpi fcfje ore« Uhc/e.r_f O u t . 

Group TL maps the. area ai far as fcíie. c m M c s reach. 

Group JH tnops the area, up to kaee/eiTel. 

GroupW maps the. area, at shou I dec I e Je!. 

G r o u p X " m o p s the area aboi^e eye./e</e Í. 

Collect your information ufi th cart.: ¡jhateJer 
you find note.iJorthy. 

• M a k e notes and J-i'll in a rouqh. ¿>ketchmap. 

• y © u m a y ( Kjhere this makes sense, and is not 
£>inj u I) collect sawplei, 

• T a k e e.\ferythina hack 
h o the kToi-k/ruj fcofo/e 
(cloSSi'OPm) anci coi-np/ete 
the map of the ossißned 
"lauer" and. embellish, it 
\J'íc.h relevant samples. 

It h^lps 
to suhdi\fide. 
the map oj 
the. area.. 

i I 

i i 

I , 

I , 

I 
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V v / o i- k i n.3- O r e Q . I r-a n . s e.«=. h. 

* — 

A t r a n s e c t "cuti a c r o s s " , 
fttakei o troniiCei-ie section, of, 
a piece. o_f land. : a landscape . 

/t is a m e a n j oj- w a k í n q Q "tort 
j iobol Ätudy o_f a I argtfr Oreo.. 
more, detailed, fckan. Qn. Oi/eriTieiJ'; 
less detailed, than a mini^ie/d. 

C k o o s e a »a ' >• 
l'i-i a n a r e a 

t te re i t 
vO" H. i c f-i. 

II-IO i t r e t t / i o f I a t-icL 

£ 3 

Ä orrt e. 

belt 

t f o n i iti'on 

frw* 

•"ig '' IT_CJ i/"TStg e t o t ion. 
of o. CLifti'Jattet J-i e l d . 

•d ¡ kch. , a c / w i - i e , o of í k e . , 
i-Xa / I . a n A H M isa n Ac rrt e. ri t : 

3 M C A . 

t (te eof g e. 
ö CI -O.S.3 
a cían-, , 

M O 11 
ci \*Ta II. a n 

lw ko C - e m p o r e inj-lM enees 
cij e. K p o ^ u i- e to ÄuniAi 'nt or jriaelt , 
or- i t « . a p n e j ^ or A J"ampi'n*Ji o r - . . } 
fc. K e «• cicj e o_J ei L X O O e£-

w r 
# 

itri nq Q C r o s S ¿He Qt-ea Or 
J^OCI uX'^l-i Izo r n / e i t / g o t Ê . 

y o u i- o ta .s • r (/"a t ioni to o m a x í m u i-n-
©J- a o cet t ¿metres , or- Jess, on botn . .sidejs oj-
k. Ke . Äfci-i' n^J 

J-«Lofc~ 

m • fc 

Tis f jbC4inii n q 
eki fdren /t /.$ 
Qoocf to M S & 
co/ourJ-MÍ n'ibori 
^ often. s t i -eLeA 
t ijo riJjbofti o r 
str-i'tgi « a fa ou t 
3 0 te fi ceixti -
metres aparl, 
running paral-
<el. L 

Oii, tk«iJ find. _ 
dífficnTt-'fco fea Je ô"t 

it too 
»je ouf 

ntet-esbin^ Something 
kJkie-k is 'out oj be ndi 

J tit k«ots 
in. the stn'n« 
a t one-metre 
n.ter J"e»ls 
"Ttíís makes 
iL rrtuch. easier to 

o cate, feature.* 
a ctu ra Ire. IM Qnci fc< 

inop t k e rrv 
correttly 
g J-fcer-J"ards 
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NoiJ jot- the. 

n transect ¡: 
inxTesttcta ti 

dijji C u It •t: 

ieqn.t to ¿>K 

'j3«c'«9 

meqn.C to bn'«q tKe 
ch i Id neare.\~ to 

LunclecitondTiiD the ufeb oj intei--
•"elafcioi-isfiips Jbeinjeen. /iV/ng 
QitcL non.- fiVi'ftg fc. hi" tig s and, a/I 
Sorts oj ohker injl u encina factor s . 
~Tn.il, miaht be^in to cei/e©/ some-
bkíMcj oí tfie. HQÍui-e oí transition, 
and. change . 

13 ¡J} ht", hut jirst Lh-inßs Jirst: 

Children, enusfc j-irst /ear«, to 
l-ej/itei- care^u/ly anci properly 
tho.se J-('nc(í«c|5 wfk/c.ÍT matter, 
iJh/eh. are. relevant . 
"They must he helped to jind Jhofc 
is relei/"qn.t. 
Questions o n á .sug_C|e5tíon.s. like, 
those, that follow W'i/I help. 

¡here, is one. general anestion, , to Jh/'ch. 
all cjuesbions oj detail ore related, and. 
that should be. kept in mind, throughout 

"Wha t 

the d 
a / o r̂ g 
th i s « 

/ i ̂ e s 

do the. Lk¡ 

i j j e.re.i-1 e e s 

Lh 
ti-e. 

OI-T 

¿_s / 

tefn 

ít ? 

i ne. 

°\ 

-n^S, , 

, LhfL. 

"te.ll 

a n d < 

the c k a n_g e. £», 

occMi-rences 
ene. a fc>ow £ 

D n d vJka t 
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Q ue.sfc i o u s bo k e e p looking . . . 

- W b a t _groiJs/| i Je5 here ? 

- HovJ does it y e i J ? in-clumps? i «. .bundles ? 
cl imbi 'nq ? t vj í rr Í n g ? 
creepiiiû ? Spreading? 

. . . 01- firm ly cm its öijrt ? 
.So I i'fcary ? 
Or many fcoqefcker ? 

- H o tJ manu plants o\ the. Some, kind? 

• K o wJ many of a d i" / í ere ni k i n d ? 

N . B . Q kinci I'S 
often colled, 
a species. 

¡J yen CrtMMofc 
C.ÖMM t ¿A e*n , 
don't iJoci-y: 
j'uit déjente 
that in term i 
e>j "inan^ ", 
"wi i 'e" P I - "**t«?-s n r e a // plant s ¿>J 

the ¿Qtt-i £ Species 
of- the. same. h.eiaht \ or- the S o m e colour ? 

- In dhat does it all ^rc?«J 

ere. yon see o chanqe , e.c¡. oj- i/ejje ta t Ton, 
elees fc/ie so/I sho«J « dijjer-enct., too? 
|ii colour-? I M compos i t i on? in texture ? 

ther- I 
oj i/e& 

W h i c ñ , other- things obstr-uct or- irtlluence. 
grouJfch of decje-tacion ? • \ruhb\sh? 

s tke IQMCI f-ocihcj 
¿Wl-k ? J ^ 

East ? 
u/e_L- ? 
the sep? 
a wöwntäiM 

Kocks? 
pajíínq people ? 
u/afcer ? 
•burnine* ? 
Cutbirtö? »r m o J i n_g ? 
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HouT uíortn. (co ld) is it Ket-e ? 

HoiJ «Jet, 
H o w ) ynoist, 
HeiJ Kw m id 

¡5 it here ? 

H o i J o p e n ? 
H o i J over^i-ö 

M o »j 

Hoü 

Moü 

¿«»inj f 
ShaeU, ? 

tjinclw ? 

HotJ j"ar vfos this 
Ore« 'ejt undi&tut 
Or trodden. ? 0r jl< 
Or *no<Jn , picked 

n e m e w b e r : 

Tfcese ore 

5 uidinc¡ and 
he.lpinq-to- look-
ue&tionS. 

'you cannot measure 
Oer^thino eJerijdliere,. 

)Olti( 

y o u ji 
pie data uihere 
net ¿fiem relevant, 

compare, one. 
•>j Ike transect 

vSiíri the other, ot-
part ujith a. 

ro 
end o¡ 

loúei 
rfter. 

asure. 

,ro 

n«k! do the plants "mofe* ? 
UpuSareL ? StdeJayj? Spiral *3¡se ? 
D o they root at eJtrj node. ? 

nclei 
onci. Of 

t Cmperatures: 
und £ fco S emj 

X)o not forget: fc 
plants, too, a n d 

r-ec3 are 
so are the 

n them ; algae OroiJÎKiq 01 
So ore the moisc j , lídenJort*, 
toodsfcooli, rrtouie/i, liehen- M 

JDo you J-1 na\. jbuljbi, tuloers. / fc¿e 
rhi*.e>HaeS in the 
Are on 

ea j sure r-elo 
four» 

iy j-ruits 
attached to the 

JOo oèfter créât 
(or thinas) lie o 
mode «bout, cr 
efi'q , b o r e , el i na 
Or- liana about? 

What ci t d_ ij«l/< 
Sit, ^»aJ, cot, 
Spit, defecate, 
moult , ¿Tied (roil 
Or tea Je. other 
LriinqS or 
fc tracks? 

d? 
ds 

>l*nts? 

:¡roun 
or see 

the 3 
Jeqt ta t 

tiVe humidity 
oL and amo na 

Soil 

on 
c a n 

aper P 0 / 3 , Í th. 

u res 

eer. 
itick 

sm eared 
map!) to 
r . 

b j t o n c e and. 
a fifcfc/e soil 

u it el et- scotch Eape. or a t¡nj 
to the »TI a p 

t. 

¿ h c O its C o loui 
T o pre.se.rJe. s« 
:ese C M re :ra, 

i»t 
it fck 

ic to 
e vi 

;twt/c 
iitt pl< 

lo m t i 
^¿i 

/c CransecC use a lona 
'.rip oj paper. Indicate the metres 

((knots1.) on a convenient scale, so you 
¿lotions oj- space and. 

I&'tz.e. vJith accuracy, 
i Map your J-indinas ( sketches , Samples, 
inotes, Smears) carefully, either °« Q 
proper »nop (bird's-eue yf<c\¿)er Q lon^i-

'fcueli'nal s e c tío rt Lsidt \fie*J) . 
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W h Q t are. 

little p ! o .-i t s 

m Q <d e. of P 

But 

fr-
ig' 

Rooí 

Stem (stalk) 

leaj - feotes 

Flou/er 

. . ¡S it t^eqlly t h a t S i m p l e ? 

Would, c't be. e> makter 
of fjords only ? 

W h a t zxacLly do you UnoiJ \jhen you can. 
redte, thí4 ¿hört list ? ^ _ _ _ 

rincL the plonti 

tf-tem-sel >/"eS — 

W h a t can. tHe.y tel/ us 

D o e s n o t ei/ery p lant tell u s »ts owfrt S toi- y ? 

of course yon 
not . but you 
Ca ii learn, to 
"listen" and 
foe ohstrfant 
to vjhnt the. J||| 
plantj naife M / 

x to -Say" ^» 
¿ t a r t Oy paying attention. 
to t/ie structure, oj ¿he 
plonti y o u m e e t : 

H o v / d o j o r - m a n d J u n t t i O r i r-eJate. ? 
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o n_ f o r m and. Fu n C t ' 

W h a t clo^ (the) j o rm. i'ei/eo I 
a b o u t (the.) j u n c t i o n ? 

W h e n \n\fe.sti patina plants and their OQl-ti , 

k e e p Quest ions like the JolloJincj in. mind.- . 

• W h a t does it look like.? 
-vjdat dee-J it resemble . (¡J anyikinoj ? 

• H o uJ is it "ou h h nnp kh * r"? 

H o i j 

'out together 

do its parts _fit together 
- H » J act the« i'oineíí ? 

Space , distance, Qnßle ? 

l*/hat does the. p lant consist: oj? 
- \5eoiXl Tihre? Eolijjle gretii ? CaiourtJ pai-tj? 

Especially kjhei-t considering ports oj a plant: 

' W h a t could be its junction ? 
- UÍhot purpose does it serje ? 

• Is t I-i í s ¡ti j u n c t i o n ? 

. . . W h a t makes you t h i n k it is ? 
• C o u l d you Jt(-ijy bhis? HovJ ? 

• C o u l d it be different ? 

~/Qre títere different J-ot-ms 
foaiTinq t h e iQr f-unct i 

- Aire there Similar form s 
hai/ïng different functions ? 

Títere are \Jarious> \Jaus of doing this. 
"TÍTo e x a m p l e s oj poisifcTe activities fellah!*. 
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I . A s k and. C o m p a r e 

t 

«A 

c 
o 

o 
£ 
3 

C 
a 
i 

i 
i. 
o 

-si 
4) 

r 

«A 

0 

0.1 

a) 

G o outside and collect so«ae. ( 2 to s) 
C ommot 
iJas h . - -
oae next to the other-. 

fcside and collect sonae. (3torJ 
jn plants JD i_g thfei-n Out Ca.r efu 11 y , 

and. yinse t h e m Qi-iei. put khem d e j n 
i , i i _ 1.1- - . 

W e Sli ou là 
keep our 

J KOoti on, 
""js/iouldn-t 

I »J-e ? 

Lo 

Use a handle.»* and. 
note all detail*' 

D o you. notice prickles 
Kai ri 

Where 
can yon j-inal 
t h . m ? 

are tAê f 
oltat-neoi ? 

W h a t 
j-unction. 

C o u l d tlity 
hoVe. ? 

Ho>>/ manu 
can you find ? 

Con you count 
b h e m ? 

/Qncl *fhat 
el.se d o 
yo« j-ind ? 

stinjjs 
thorns 

»fines 
Scab¿ 
bumps 
n'elges 
Q f 0O«/65 
stripei 
h o lei 
pits 
ri no, S 
k n o t s 
W a x 
fatky ÍÍM# 
¿tilki"*** 
JCOi-S 

hooks 
patterns 
¿pots 

ok for vjhab is the Same, 

( Q M C L different) in jorm 
J in structure 

¡n attachment 
¡ n coherence 

| h colour 
in length, 

in. thickness 
in croJi-iectioa 

in. c í reu m f eren ce 
in strength, 

i ci tu i- g i di t y 
i n C o in p o s i t i o n . 

in o M-anqe miitt 

• l/here do the roots 3 0 
eJer to become s t e m ; 

• H o > 0 »s the. leaf attached 
fco ¿£s stalk (petiole) a n d 
t h e Stalk to the i t e m ? 

• H01J does the s t e m b r a n c h , 
or- qr-oiJ b r a n c h e s ? 

• Vfhere and hoJ «re the 
f/o<Jers a t ta ined .? 

• Ufhat s h a p e c\o the crois-
Sect ions of stalks 

root S 
s t e m s 
leai/es h a Je ? 

• H o J m a n y Colours do 
ia in a p l a n t ? '0M Vint 
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I : E.\íery "Plonk UVants j0 Jaecome Somekhinq 

k.\fary plqnt is eouippeci to qerminote , 
to Qro\J, 
to "bloom, 

Oi-ict bo reproduce. 

j E > u t . . . iio plant lii/es QÏone. 

E\rery where , there is a .struggle jor ¡ij.^ 

What 
its d 
Qttcl 

ci 
et 
fco 

oes the. 
ermiiaof 

re pro 

plant 
ion. to 1 
duce ? 

tie 
iVe 

'J hell 
to su 

about 
ri/íi/e. 

tale? 

Sbi-wcture and j-oi-ra oJtHe nJhole plant, 
os iJell as oj anw oj its parts, rei/e-al 
Jomethinoj o/- tkese. j-unc t i cnai oj Sw-Jïi/al. 

an you underitcjnct of tni's 
or make, cowprehenjifale. ? 

G o onol collect each tvj"0 e.nt ire plants 
o_f fcHe s o m e species. 

make a cidu fa/e 
piece of iJoi-k : 

On like, /eft: 

W"hat doei the 
plant os a yjlnole. 
tell a b o u t it-sefj ? 

O n the riejltfc : 

U n a t doei each, 
pai-t cent»-i bate 
fco fchi» i tei-j ? 
t= Hat who I historuj 

Of: dhafc cloíS each. 
part tel/ about 

ibsel̂ f anej the 
tJhole plant ? 

""Re.peat fiis 
wJith anofchei-
JSpecies of plant. 

jj- children use 

di ff ei-ent spetiei 

of- p lan ts , theu 
Can aireange 
their »Jo r k i o 
that frt any plants 
tell fcheir storj: 

lat tkent tompqre . 

213 



"P|anl:urord¿ 

Joocl \í 
ecfc lí 

l t i-S good J-oi- ckildren 
to cofíect certain. Jords 
Carnes and. tarms , and, 
b e c o m e familiar «Jit k 
thôir meaning and tkei> 

í'mirtologia. 
1 b o to«, i'ca. I 

wie , -so 
£ o ri i n o 
¿Heu con 

TRei-e are : 

D o - v^roi-d-S'. 

• M o O , $roJ, ¿eJ. 

-Jû-el 

iJoi-dô : I h i »I Q 

-JiucL 
\ßl as-som 
- A x i l 
- \Ti n e. 
-Pet io le 

M a Tt e. vTord.& 

-•F"e.t-n. 

-Gra¿5 
- P o d , 
-Petal 
- rJeathti-

N a i-n. e. S 

-Teq.se I 
- T"u / ; p 
- P q i-i n i p 

•••or eiftd 

•Capi9.Ha bursa 
pqitoris 

TAKE CAPE f 

Q | better- understand the 
Lioloj L( o_f plants, 

b/ better re-me.rn.ber important 

details 

c/ better 
species 
opprop 

dj be.tfcer 

impt 

bet Jeen cli'st i nßuis h, 
or kineli, iJ h ecu 

t-iott, 

commun i cat e. . 

Children, 'ike 
making their öJa 

"plqnt Jseok" in 
vjkich , besicles 

qatteriri» q / ü n f ö r 
•nat'oi fckey uJant , 

L ' " Cfli ' " " 

.3s 

P 

they can also collect 
their plant »Sordi 

alongside. pictured. 
Or- are¿>erJ~ecL planti. 

Allaoi Lkem patiently 
t ime «Vi plenty to 

iUtt it la complete, 
odn Jiutistact¡on. 

their 

Ok, ) ntJer jtniik'. 
) kttp adding J-tresk 
paßei beeauíz. I 

Ut-lp ^iitelin.^ nfO 

»Joi-elS and a e ü 

fiants ! 

p l û i l L S ' are and remain. 
\iTot~ds only Se i ' iTe 

Tne. r~ 
iin portant 
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ß 

W H E R E 
d o ai I t h o s e 

little p l an t s 

C O rn e. j- r o in ? 

4 «4 *4&i>4iU*Â 

Any hare patch, oj" cjrou nci.. 

Any dun-up j-|ou/erbed . . . 

/Qny freshly deeded jron tßat-de n ... 

f-i'lli up ijifch little plants in 
vJ"hot ¿ e t m i to he no time.... \Jeecls all oSer [ 

-Plants, 
you plant 
ijeeds 
you ijeect 

lb cerfcainly '-S Q la.SC i rta fc i rtq prob/e.i-n. 

" D o qo Qncl S earck «round, yout- neighbourhood '• 
inhere do yon | in el many plants, of one kind 
together ? 

" C a n you find "parent plants," and "offsprinq" 
aro iJ ' nq side, by Side. ? 

Z)o not only look for seedlings, 
11'«/ and find runners t Loo, and. 
cliq into EKe r̂OLtn cl ,ßently, around 
jre.sk shoots,. 

- rlayfe a close look « t a hand jal oj soil. 
Use o hand\e.nSt. Can you spot seeds ? 
Or -bulbs? Or rhizomes Oitn nodes? Or 
• Yes ? Ho*f many ? 
• 'HO? Ufell, pulTci Lro.Je.lju J 

oj topsoil in Some uessel. 
Ke.e.p it moist anoi uSarm. 

Coder it —Or put it into — a. 
plQjsti'c haß and lookJhat 
'happens in a fed cloys' time. 

Go hack ho v/Kere. this soil came, from and look! 
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M y s t e r y See-di, -y - / • 

S c r a p e F-re-s h soil 

f rom under your shoes 

Of hoots after \*Jall<in.c¡ 

in t h e '"f<"c.fdis" o r in t h e 

Co un t\ry aide.. 

Or col /ecfc ¿oí i 
{•rom Q iJelf-uieci. 

loor - * * ia I 

Sopri nkle. L/ii.5 on. top of 
£> orne, soil in Q n old bciki ng t / n., 
Or- ¿ o m e f n ' t j . Ploi±b.e.n. it: and ke.cp 
it woi'it anci uJarm. 1J0.1t" - - -

O IT. ci. 3 e e \J na t qr-o <Js 

-Th.e.i-1 cr o out a n d 

•%Jhat their iee.ci.5 

) Q 11' e n t Í 
out of it 

y ... (perhaps 

i 
e n . a o out a n d £> e.e i_f y /úw c a n 

/ h ci "£ h. e ¿ a f r e o / a n. t s an ci l o o k 
Q re. l ike ¿if yen can j ind any) 

'Problem f 

r-lo *J Ca i-i yffti Q Ç .& u r £ , 

O r l-rtoke S u f - e , lk<xt 

the. seeds Jere IM 

tKe. £>©íl Hi at came 

IrrOlm yc«r £hoi$ or 

doormat ? 

Oh, kU, 
is S\mp\t\ 
Zíuit heat 

sskkk... 
L e t tfie children. 
talk ahou t it ^ 
f i KS t , a n d try 

t o J- i n d a ij«w 

O u t el fchii problem.. 
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UTkat is 
Ooin '. 

children., I'J 
tke rtpro-

due. tí «re 
part: e^ 

Átotnen , Cúrfl/f0) UU^.LlaL, 

tí»U, k\»U, blad. M « ! . . 

bra. 

"This [anquaeie. 

'eisen m o w 

be useju I, 

but... 

D oes "Tke 

Fl o Jer" 

exist ? 

G o a n d ji nci ¡b 

in the Qai-cle.n.. 

Collect o \/-oríefcy oj jloJers ancL 
j b l 0 S S 0 « a 3 - "77y anet identify those 

porta m eack bloom iJk/eK seem, 
to HaJe. the saiue. function . 

-Oiili'de a pape-r i o 
that you can .st/ik 
ov- tope or .sketch, 
parti oj fí¿>Jei-s 
(Jhi'tH "be.tona" 
together. 

H C I D the children, 

Pefcoli Sepals P.at;| itamin OJary 

p t u e c h i l d r e n . With propel- t e r m s uihen needed 
Ujfe p i n s , (o razor) a n d H a n d I ensei •• ¿ m y A |0iJeri 
a r e j-louferi, too. 

fly m o t h e r ¿ ay £ 

her G e r a n i u m s 
^ • ^ i i i 

v_ 
are good bloomers 

Oh, but 
vr\y Granny 
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(Anïhr,sCUS> 
sylvestris) 

thin croíS-sectiens 

ff om et p lortC 

at different places 

Worn, b o t t o m 

to top-

Ihis I'S another vJoy 

OJ looking ab plants. 
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C. I a s, s i j-y i IT.J3 T - ^ I g n h 

Pi eqse. 
b e. a i- in m ¡n ci 
that th. i s •'& 0. 
look- and- th ink 
ex.ei-ci.se. Tije. 
f/«al rcsn/t ii not 
lite tno.sk i'mpoftanl 

ren Shou Id balk 
and ciisCKSS and orgue 
about their diJisionS, 
'rot- their choice Should. 
be. hosed, upon iheans-
^Jers to L«e ̂ «ejsti'oHi: 
wJky tAi¿ choice of diJUien? 
Jtiafc do It,* plañís in on« 
Ofoup naife in commort? 

n briej description 
characcei-ixincj each 
oroup can be dWíten. 
on o stria 1/ piece oj-
•paper, or p card, 
Jfl/en, ifien can ¿erJe 
Q5 a label to each 
aro up of plants. 

See fol/oiJinq page. 

or th is 

0 

you need oui te 
Q j-eU" plants - - -

B e f o r e local j-ronijat-deas 
^et KHinect or tKe jtorctl 
ei-ii/i re« ttiertt becomei de-
p o p u l a t e d , look joi- a 
convenient piece of a refund. 
inhere m a n y cotnmon planki 
Occur, 

Let c/j í Ideen form groups 
oj- f ùvre . Each child is to 
collect Jii/e dijjerent plants, 
íncludincj grasses. This 
results in each Group 
vJorkin^cj \Jilh ±¿ planti, 
tJhi&h. i-s e n o M o h . 

Diviide oil plonks in. t \Jo 
(¡roups. 

Jo y ? t fckis uav 

in one 

0 U hy cío you do i 

° V/hat do the plants 
<£roup hai/£ in coffimoa? 

0 Does t/tii exclvda tiie oppoi/fre 
ßroup ? 

" £rieíly describe and. 

chareicfcer ize eaĉ  group. 

©DiJide the. (tiJo) groups 
Oaain into tiJo Groups 

© Then once inore. cliJicle 
the 4 avouas \m.l:o t Jo .. 

© a n d a cjqin 

@ a rt d Q q a i FI . . . 

until you cannot diOide 
Q a roup any more. , because 
Lher-e is only 0ne.(kind 
oj) plonk lejt in 'it-
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It Uíff be roí^f 

tluídren m the 
loe«innina to Spot 
exclusive eliorac-
tefiitici. T o / k 
vJitli tfiem, orgue 
iJilh thtm , onel 
h d p tAeiti detie/e. 

X̂ 
If the. cl-ii Idr&n manage, to 
divide one) ¿ubehVidt theiV 
collcction into ya./no groups 
and to loiael eacli _gi-enp accor-
dingly, they may ßet AOme.chinct 

like the fo l ioJ inf pattern: 
13 

parallel 

eai-i 

j.loJ«'*: 

v"' 01V (\ 0 

\ 
¿-V v> O Ar 

HqJ ïnq d o n e oí/ thii "OrOperly 
y o w s'houlq' t̂ai/e Q Siniplt k e y 
by kJkicl-i to "identify" 
in. y ou i- col / cet i on.. 

I n 
to 

t h e S a m ft tía i :hc s a m t waw you cart compoie. a Key 
identify" - autumn /eai/es 

• stones , she/ is , co ins . 
• or eiTen t*ie ck/fdi-en ¡n. ihe class. 
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M 
tn^ironmeul ¡A 

and children Onl 
The.jr ne.e.ci 

a Jet-y dij^icult concept 
Only b a d i n to joi-m it 

Jets 

a t fc e m p ' '• - "^ 

oj- t ime ane/ plenCy ¡ent> 

D o not 

elii'fclren Je«)-* 

Ihi'i iTei-y 

riiafcfcrr ? 

e.x.peir¡ ence. 
I to 'explain." it in, uTords. 

Em/ii-onfTtent Kai S9 m y t h todo 
uTi fch. the interaction b e t w e e n . 
liVinq orqani.Sni5 etncl £i/e.ry fc hi no 
Q^Outtd t h e m , in their inimít/iaít 
i u r r o M « cíi«05 : » t h e soil 

~ » the m o i s t u r a 
o the liMwiolity 

0 the temperature 
0 the air and the »Jinct 

o the ijeather 
climate. 
¿eason. 
cloud s 
rai KL 
5 un-shine 

0 t h e position o_f t h e l a n d . 
a n d o A the [ground] tjatei-. 

0 the prei/ailing pdyjic»! features 
' t h e geology 
incl Q M other funj-S li'i/í« 

G o to fc/ie ant 
thow slungarj, 
con j id er hei-
\JaUi, and. 
b e iJi.se 

! 3 J 

or 
cleacT 

lldeecí, JheiteJir children. 
kJork uîifch tninifceoits, they 

should »Jock. Jith their 
l-m iiibeaiti' environment ai 
vJe.ll: 

- W h e r e does it lije. ? 
- UThafc is it like there.!' 

is it dark there, or light ? 
cool or \Jarm r 
moist or dry ? 

- D o e s tin'.* trtinibeoit u /a lk ? 
o r j ly ? 

o r crtep, or eraJt, orifitker ? 
- Ufher t d o e i it sit doiJn. o r perch? 

- D o e s it diqf 12>ore ' Spin ? 3"¡ Id ? 
- h/ac/e. y«1" .seen it e a t ? uJhal ? Ho>ùf. 
- D o e s it liVe there tJhtre. you. saij it f 
- "Hnoi it oroiJ uo there.7 3Doe¿ 

it to l<e Ij y e u ufant to k e e p a n-n n 1 b e a.s t . 
make. Q joocl h o m e ^01- it ? 

can y£>« 
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CJwb of R o m e *J"«i-ns 

°«s«»o<jc*' 
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IMotiQ Jà&ne.: 

O b s e r / o t i o n i , made, bv children 
a re Q I ' W Q L-|, i/alwoble., 

Jo u fc Lh«-ii- 'interprétations" 
n e & d a little caution.... 

and. so do your oJn — 
a n d cei-tamlw froie oj school books. 

C.onc.1 u±i ons, on (.e.g.) Qnimal 
behoi/idui-, or form and Junction 
Fe lot ion ship, are t ' 

l'usl: taken for 
il, 

or Jl 
e.asi \y jumped a 

ran.te.cL. 
t, 

T h e "Jn«" o n d the. "hoü" of Qn/n?q| 
behoJiout- can ojten be. re.late.cL 
Lo the. ern/i ron m en t in ijhiek 
th Cy II ife., huí no more. . Nothinj) 
is .selj • eJïdent. 

NeiTerÉíieless , ekiídren sf¡o«/d talk about their 
obier i /aHons a n d discuss about possible 
Hi t ei-pratot i' on s , Jou t tken. in the sphere. 
Of "J th ink tit at: , " C o u l d it .be thai.. ." : to 
h y po the s ize 
"Sha l l 

is fine, faerouje it leads to. 
a n d \Zerify uJhot iJe. t h i n k ? " 

elp the c h i I d i- e n to ¿ a s e 
the.il- " ex p\a n a t ions" o n d . 
" in ter pre. tat ions" alJ gu $ 
on the.ii- eOri observa t ions' 

And. ink. an ce. khe.se. observations 
bjj a s k i n g qnsJerable . Questions 

/ W h u dies th7t\ 
Caterpi liar hai/e 
fan's ties ? 

TEis is 
Q good example of 
a had question. 
It is not ani\Jiralo\t.. 

Toi- a ßood Cjutst i on : 
Use. TDO-or L O O K - y J o r d s . 

And lOha t fcc think of-

w k j has a centipede a 
Kuncli-íd Í cet ? 

U n t e . Q better 
cent i pede c¡<-test¡on 
be-lcJ: 

V/h«tr does tke. catet-pi/ia 
vjítk its bristles ? 

Are. L k e y sojt or \\ar-c\.^ 

do 
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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 not necessarily 
to children. A n exploration into the reversed double-world behind the looking 
glass m a y well retain something of the thrill of the fairy tale and so provide a 
strong motivation to pursue some real science. T h e 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 o w n 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 h o m e . A n y piece of glass, especially 
w h e n blackened on one side, makes a workable, though not ideal, mirror. A n y 
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 m a k e things look diffe-
rent. 

T h e 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 w h e n 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' a n d . . . 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. T h e teacher is the one w h o 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 n e w piece of equipment. 
Questions and tasks m a y 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 h o w 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 h o w , with the 
help of one or more mirrors, solutions can be sought. M a n y of the ideas and 
tips given on other pages can be transferred to h o m e - m a d e worksheets. 

A n y unit for children is a teacher's resource. M a n y 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 still 
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 w h o retains responsibility for ensuring effective learning 
through the activities. T h e 'Figure Cards' and 'Sample Cards' described on 
pages 244 and 245 need to be m a d e 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. T h e technical problems of 
making sets of these cards is slight. Those w h o cannot draw can use very sim-
ple figures, m a k e a stencil or use small stickers. There are so m a n y 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 m a y 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. T h e teacher 
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Children, mirrors and reflections 

should use his or her o w n judgement on what to start with, and on h o w and 
with what to continue. T h e 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, a m o n g 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. O f course, 'reflection' means little or 
nothing to children unless it is there, present in the mirror they hold in their 
hand, changing w h e n they change the position of that mirror, or multiplying 
w h e n they m o v e 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, m a y order themselves into patterns of understanding; and 
ideas of a higher level of abstraction m a y evolve in the minds of the children. 
They m a y 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. W h a t 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 . . . ! ) ; or (c) 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 w e 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 ¿floiiiellsCC 

^J 1 

IvTkat skin.es 
oriel mirrori 
oil around ? 

objects , s een Jrom. 
iJnere you sib, and 
place t h e m , in order 
oj "rejlectifih^" 

"Thíi ÍS q oood. stctriin^ 
^Mist/on. M a n u Jwrjatti 
âki'«e ond rejlttt tißht, 
some more , some less 
ikon mirrors. /?// kelp 
to understand ho<i llaht 
is resetted 

Could y0u 

make o I ist 
oj "mirror ufords ? 

- mirror 
- s k i n e 

- re j Jett 
- radiate. 

- bounce, 
-glisten. 

Look 
J-ei- fckinqs 

ufhick ¿koiJ 
01-do Ohoit 

fckfiifi. ijercls d e i c n ' b t . 

E x a m i n é fckeie objects and 
b.ru to Jind uSordi ijkick 
j - m - t k e r exp la in tkeit-
rej/fcetiJe Éjualití«, i w c k a s : 

ilnootk %\alty 
pol fiked. level 
hur*Uhtd, J-lat 
wfaxeeL u(iru_¿f/eel 
\Tarni sne.d .bald. 

ThiS ke/pi children, to 
de.J~e.iop an eye ¡¡or 
(rtlei/an.tj pkySi t«.l 
properties eJ fckt'nûs. 

Resides... it ke/ps tkewi 
to discuss sens\bin aaoub 
LkeiV observations. 
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S i t arourLci vj-.tk y o u r ehílelrcn a<x¿ discuss 
all together your experiences 
and. ûbsiri/itionj ¡ ^«íit qweit/ons, 
.Suggest pe>45ible ansJeri, propOSt. 

tx.pe.rimen.ki and aqree. on. O^afc 
Lodo, on »Sko does Jítat, on hoJ 
to cío aki©ut it and h.o<J it all should. 
be. r&corole.cl a n d cemtrtunicattel, 

tke ufatcr-
»nake ¡b o. 
f-uMruj iTl/l-rei'. 

V O M oat a 
V/ppfeJöce m ib 

Spoons and. te« 
pots anoL sTater-
kettles ai-ejíi« 
míi-i-orí , / í í<c nu 
¿Specs 

eken (oil 
lítti, 

t it does 
t mirror 

¡s o jía£ m 
Look olfch 
¿urjact j 
Jba.loiJ. EiTei 
£>>Ji»ni "pi 
doJn. ? 

»•em. 
• t k i 
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Mirror ? ? icmifi 

Ok 

to 

hut then. 
need, loti 
m ir i-e 1-5 

do ttiíngi Oí t/t/ 

uo^ j'nob y H W 

loiljfïl SriJ ,>iaD 

L "That is tKe iJay to oit the mirror, 50 see to it 
that there are Sufficient mirrors aJailahle. : 

QJ úbrirtq Some, yourself 

b| Ask tht children, to borrow* 
all Sorts of mirrors from, 
home : small ones, bij ones j 
m i r r s n tkat enlarge ot-
diminish; t-eai--J~ieO mirrors; 
J p a o n i , coffeepot lids, buttons, 
eJifi'sfcmas efetora t ions , copperplate, 
.buckles, - b u m p e r s , ai I o/ig as it 
Miirrors . 

c( Lefc the children, iJ"ork i'n g r o u p s 
5 0 thew caii \Jork J it h each. 
o t h e r s i-nirt'ors, anci. share, 
ideas and experiences. 

Questioning, d o i n g , bruina , 
J - i q u r i n g out c m d we.n,fi«vre,et 
ouj estioniricj kTiJI foi/oJ naturalis. 

UJiafc J o M o O s con.si'st.s oj tips, ideas, 
S Uq qe_s tí oris, , qeni'i nucíc¡ es 

-Sorrte. pcia&S m a u be, (ph oto) Copied. 

as ijofksheefcs for the ehi/dretv. 

TI e. rn e. rr\ h e. r- : tKese oi-e. oníw .5 ¿artery ? 

/̂ dcl and ch.an.qe. ijflafcei/er you uíant: 

you and your ah't\dre.n cu-e. the. hoss *. 
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CKi Id reg can do a toi: v/ifch mirrors 

J]úst Q l \ T 6 iUem mirrors 
and uTafcch. 

. . Ilowj-

mirt-ör... V O M con look at yourstli (or others), 
you can look round a corner, 
you can look in your nioutK. 

If yon hoi«- the. 1-n.irror CnhoOt. 
your euei or V O M I - heqcí; 

•: eJtrytkin* looks upside clöJtt., 
" ane| IM fctu'i upjíde-doJií uJ~0<- ( cL 

OÍA can ija I << a 11 c| j ' n m p , 
i: 

/ 
S H Q k e h a n d s , 
iTaI k « slalom thro^qh a line 
o\ chain or itoels, 
pío ce !>otne.thina in a rnattklac-X. 
and put it on a talóle. . 

ntfer ¿cep ort ii 
keep ít ¿etijeen your íeg¿, 
neü"ef look at ¡t, 
unless throuqh. the mirror. 

l-loü I oiiù can yet( 
S> taiid. on one. Ito 
I n. youc topSy-
burSy dorld ? 
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fry and Jalk 
ikroualx fie 
SeXoelbuildin^ 
(and, oxC of it 

Jby èfce Jre>" tdooi-J 

Mndee k in : si- « o u r c 
look ¡«to ike. 
mirror held 
S t e a d w , And. 
facina upward. 

With t ̂ 0 mirrors 

you can 

VTel l , 

^ *-* S 
clo kllth fchTo 

mícrorj field 
ût an anale ? 

\ 

/ \ 

L o o k at your6e.lj-

in tki's go9 combination. 

Can ya« makt 
Q full j-ace oat 
oj a halj ? 

9 l o H 0 1 0 
?0 J u o 9 3 D 1 
S s n o lip 9 o í̂ :', 

tK,-5 : 

Place: sometai'no small 
betJeen. t>Jo mirrors 
(le-le) upriqht a t a n a n j / e 

Count Lkt images Qrtd 
measure, bñe anjfe 

C n o n a t the anq/e and 
c o q n C fc/ie ¡'mates aqain 

Note, ijhai yei( oftt 

ot IPO": . . . . images 
gov . . . . •• 
M ' : - . . . " 

30* : 

M a k e tkis into o 
S i m p l e ^rapk x o«^/e 

U n». o.j' 
fmaq&s 

C a n y<5M nod J-ïqurç, 
Out ex formule« ijnítí 
qii/êi yen fcne numbe. 
oj- imaaci for anu 
c» n.g I e. : 

then, vfiiik a t your.se.l_f. 

Con. yon ex-plain, tki'S ? 
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WRITE your na. me 
m m irr or ¿cript 

(that 14 : So Lfiat you can. 
read it ¡ *i the mirror.) 

2i3JJ9/>bold ni 

¿JATEAD Ml 

J>, id o won 

9gO<j ¿ifíj rtt^T* 
di bloH bno 1ÍV0 

>^sr¿aV>>y-w\xr<sJ>X- NJS< VS^>s 

X' ou art allo\Je.ci to 

use bricks , h u t do 
tru it Witkoufc ti-ieks 
J-irit. 

b w m au vJVifce. 
mi f-rtf nJord.s" any\Jne.r&: 
On. paper, 
on fcke. jloor, the qrouad. , 
O « Lkt h\ac-khoa\-<L. 

W K i c K le.tbers oj the alphabet 
d o n o t cKaaue in. the ¡mirror ? 

CQII you write w la ole Words 
vJkic.li. do not ckcmqe in the 
m i rror ? 

. Or a ¿entente 
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M irrorscra bble 

f\ mirror reverts ihtnqs 

I c i tera II 
' / 

C D E H I K O X 

A M 
T W 
I O 
V X 
H Y 
U 

H o l d Q mirror on tk¡S lina t o reflect 

£ — 

-s 

-u o 

o al 
— jj 

«"5 
0 g) 

„ «I 

Tí L 

I-U 

Cari yoq m a k e û Ohole ujerd. 

iJltitk /ooki the ¿ a m e in the. 

mi ri-or or q íerifcente? 

uTith. tke. letters aboJe. you. 

can. vjríte ^ o n »on tally . 

\JtLk the letters o« the /ejt 
ye« m o u i-nftke Vertical iJoraS. 

And... you coulcl make. 

pal indrorn.es. 

Ohio! 
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DICK BOXED BEDE 
M 
A 
M 
A 

1 

A 
M 

H 
0 
T 

Copy this sheet Jor the children.. 

Glue the. letters on. thin. cardboard., 
and. cut them. out. 

NovJ you can. m a k e m i rror - sera bble 
\*Tords. 

Could you iiii/enh a. mirror -scratt/e 

H a k e up your ovJi-u ru les . 

B 

D 

H 

K 

A 

T 

V 

X 

B 

D 

H 

K 

A 

T 

V 

X 

B 

D 

H 

K 

A 

T 

V 

X 

B 

D 

H 

K 

A 

T 

V 

Y 

C 

E 

1 

O 

M 

U 

W 

Y 

C 

E 

1 

O 

M 

U 

W 

Y 

C 

E 

1 

O 

M 

U 

W 

s 

-qame. ? 

C 

E 

1 

O 

M 

U 

W 

i 
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2DJ H o w many mice 

Coii y»* m a k e vjith. 
• oite mirror ? 

two mirrors ? 
three mirrors ? 
more. m¡rror¡> ? 

£a/ 

W h a t dífference(s) 
do you see 
wken you "multiply" 
the jirst 01-
t He second mouse? 

D c a w oc describe. 

QJ tke position 
oí the »riirroi-s, 

b/ how the /nice ace 
Sitting. 

What more. 
can. you d o 
a ncl f-irtd. Out 
With mice and mirrors? 

A n d . What do V O M êfc 
•when you mirror 
tiny mice ? 

• or a picture of yourself ? 
• or a pene i I ? 
• or . . . 

oi-
you can take anything. 

MOUSE 

Even, with the word. 

"mouse." you can. 
make, something nice 
usina two (or m o r e ) 
in [>r o 1-5. 

Try it a n d d r a w 
tlae result. 
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- D C Q W Wn. at you can moke. 
out oj each. o{ these 
j/'̂ ui'es and a mirror: 

TOOowaaaaM 

'.li&ta »ta m l U m i ) it» wf l ViQ 

.«is^tuo lAtn » m o m »A» fctik 

HOWJ3WUAW 
unoratnî t A in ,̂ i\>oi4 i » W >' 

*. m l « »A nl (jtViwli mtaooitat 

.uVn*J w b i»\iu\4 >' \il 
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D r a w tlie flares Hejti 
QS you vfiJI see. tfiem 
Wfieia y o u place a 
hiirroi- on. the, line. 

Only ajter cirovjíiiq cena you ckeck wJitn 

your mirror and see hod'correct' you are.. 
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Take a sizeable mirror 

and. ko Ici it firmly QDoJe. 

your e.ye.s , Or h.\Qn in. Wont, 

S»o bkafc you, \ookinq haLke 

mirror, look doufn upon 

tkis paper. 

Tken follow ¿ke. instructions underneath.. 

Qooq \orti-ueX' 
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M i fror-Work and problem cgrcf.¿ 

Witk 
and 

anu iu picture 
a nu mirrof 

you con. make, man 
pictures,-

ly 

Q'I Toaste, faces, houses, 
trees , landscapes, 
On Hi in carel hoard 
and see i-Shal iL 
becomes ufhcn yon. 
.slide ci mirror 
aCt-OiS it ¡/I QHJ;( 
d i recti on.. . . 

. . . Or to cha llenc¡ e. 
One. another-. 

@ rl real problem, card 

Just jor jun •- -

Use a mirror 
and. Lh.i& clock 

bo m a k e : 

aj J3>reakjast time. 

¿J .School time.. 

C\ Diririer time. 

dj Jbed time. 

e/ "rr ee time. 

fj N o time. 
r Ortj t i«t 
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(i) Fi ou re Cards 

Yo u need. one "j ijure card." 

and 
Q SE.h o_f pfolole.ni cards. 

f 

The. problem, is: W/IL/T. u/frick. oj fcHe.se. tards 

— and a m. i IT or— con yo« 

reproduce. Lke J/q^r-e. 

On tke. J-ijjure card, ? 
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© -Sample card problems 

This ¡3 Qriotker s e t oj problem cards 
k/hereby a mirror is us&cL v/ifch. the. 
'Sam pi pie. card" only. 

C m IS: trtj and. copy the. 
Conj ie¡Lirations fOun.cL on. the other 
Cards. ( Can yen , or can yon not ?) 

4* 
Si 

N.ß. 

"rôtie ore only 
Q êiJ exomplej. 

/ en 
ton. 
make. 

mort. 

*? 
^ / v 

M a k e y/aci'ous .such. sets. 

'Per/iapi a. 
met project 

* v_^ H Parents..? 
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T"ke Problem oj the. Mirrorwoli 

/ w Q o i n Ê you ore. ino room 

oiae ^Q(\ oj vJ"Hi'c/i ¡5 one huge 
\"r\.\VVOr. Vow Qre. i'n the compony 
of Q Solitary Jose, oj jlo*le.rs. 

\Jo*. s t a n d at the spot indicated 
'on. this plan onci vow arc lookinq 
iia the. mirror at tiie J~a.se oj jloúe.n. 

S k c f c c k ña pe.nci'1 bht direction 

in. wkick. ye« are. looki' y< «a 

/ijter droOino yeur'li"ne 
of \iiiion" , by o II means, 
do elieek uJith « mirror-
...Tiulr ^o not jjet 

CCtnf used . 
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T h e ProJblem. oj fche Rear-Jie-W Ww-ror. 

¿kin e or campest larked outside.. ipesL , m y cor is pe 

J kqcL not ¡Sashed it jor cjuite. some, time ...too \onq, 
and. so it 1-iQppe.neei that my rear wTi'ndou) looked, 
.someijíiofc eji-imy... 

/ Q rtawqiitv /('¿tie neighbour • loo y scribbled on. it 

/3 t lirst j d id not notice anything 
un.l-,1 | boarded, m y Oehicle. and tool" 
into my rear-\5ie.J mirror 

W k a f c &x.aztly did ) see.? 

"Fill ¡nto this 

mirror itnaat 
of m y •ear ¡3in 
*Jhat ) actually 
did see.. 

~*-do¿ 

rear- liïetJ" 
mirror 

vjïtk 
mirror imaqe 

o{ rear -

lindoiS-

"P/eaje, Wo<-5 do you. e.xp\a,in, hh.is ? 
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The. Fl ext M i rror 

F l e x i b l e s k e e t s oí t h i n sh.iny m e t a l or 
plost ie izec l j-oil m a k t beauLiful j-lexihle. 
mirrors , huí these are. not e a w to obtain.. 

f\ iKeet oj Qcetafce. -overhead projector 
transparency— fixed onto Q dark , (Slack, 
pap&r makes a \Tery e^ood substitute-

Position yourse.lj f-Qci'nq Q source, oj li^kt 
(a lamp or a. <J"indoiJ) and kaJinq a darktr, 
Shadowy, hack^rou nd, and IOOK at yourself 
in the jltxihlt. mirror. 

'What do you see, 
i j you flex it - . 

or 

like: tilÍ3 

fckil 

or 

Or 

lWi,.(fJ 

Lhis • D 

Or 

tk IS. . 

t k .s . : ; •") ? 

-"Place a newspaper headline in jront oj 
your Ilex- mirror 

Ukafc do yon see. • 

/ > . ! • / L i T TDraJ here. 
find Jkot do you see ! ! *_ 
\j you jltx. the i-nirror ? 

conJ~t*c Concede. 
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i êâ í k í n.Q about your ufork and 
experiences is \Te\-u importaat. 

filloa ck.ldren, 
as o matter- oj- course, 
to muje and ¿fiare 
ideq¿ ansí prob/emi 
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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 m a d e 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. 

T h e 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. T h e 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. 

T h e children are therefore not given answers before they have had a 
chance to ask questions. T h e y 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. T h e children ask the 
balances; the balances provide the answers. T h e teacher helps in the asking as 
well as in the effort of finding an answer. 

T h e 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 

H o w do children use balances as a source of information? 

T h e 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 d o w n 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 h o w the 
balance works. 

T h e first few pages of the chapter suggest that the children do just that. 
T h e children's active learning with balances involves thought-processes 
which are expressed, quite spontaneously, by the children talking. T h e 
teacher should, with open ears, m a k e 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. T h e 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 m u c h 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 m a y be clear to teach-
ers, but children will tend to try out every instance. W e should let them, for 
this is the way in which they form, test and use patterns. 

H o w do children 'ask the balance'? H o w 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 m a k e some 
interesting discoveries, but learn little science. It is the teacher's task to intro-
duce s o m e order, or some system, into the children's work, by helping them to 
make the appropriate next step forward w h e n they c o m e to it. T h e discussions 
a m o n g 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 m a k e 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 m a k e 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 

T h e scientific process skills which the balances invite the children to 
practise 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. 

T h e use of these skills, m a d e 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. T h e last six pages, of course, should be considered, too. 

H o w does the practice of scientific process skills lead to a 
kind of knowledge which generates further knowledge? 

T h e 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 h o w 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 m a d e 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? W h a t is in equilibrium? T h e units of 
weight or mass on either side?' ' N o . ' '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 m a y 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(Ai xD) = Z(Af 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 m a d e clear records, they can either c o m e up themselves with, or under-
standing^ accept, this formula or its descriptive summary. It is precisely this 
knowledge which generates new knowledge: n e w problems can n o w be solved. 
T h e formula allows a short-cut. W h e n 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. 

W h e n 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 m a y be asked to use in their work with children. 
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C H I L D R E N and B A L A N C E S 

z ? 

J o s E l s tgees t 



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 s o m e 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 m u c h 

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 simple 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. W e must give them time and opportunity to 

form their own generalizations out of their o w n experiences. 

W e 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 w h e n later abstract thinking gives meaning and 

coherence to observations and experiences. 

What follows is a number of ideas on h o w to work with 

children and balances. There are no 'lessons on weighing', nor 

is there a treatise on 'the Law of M o m e n t s ' . You m a y add and 

substitute what you like, as long as it helps you to start a lively 

interaction between children and balances. 



\J~hat IS Q > o. IQ n c e. 

\J~koL doe.6 it d o ? 

H o J does it uSofk ? 
l-loiS ci o CS m«Y isa laiite uToi-k 

J-/01J do ) iJot-k J ¡th. 1-riLf 

Jba l ance . 

• • « # . • ' 

[simple lever whicl] 
) of 5 N , which we locate1 

f each of 5 N . There is only one^ 
" 15 N to balance all the downward 
vil] note that F\ and F2 »re equally 

.1er these conditions, the lever is 
çer from the center without shifjj 

! in equilibrium? The su 

I/ ) ask 
Leac.he.r- ? 

dnofthel 
out an axis is generalis 

Rotation is called negative. 
In Fig. H - 4 0 the vector s u n \ 

lever is obviously zero. W h a t is I 
ether point? Let us choose the rigl 

(ich to find the torques, or as it is J 
jorque of Fj is 5 X 0.70 « 3 ^ 

que of f2 is 5 X 0.30 • 
V p f F . is 5 X 0 . 5 0 • 

& is 15X0// 

f\ halante IS O 
•f«¿ci'«a ¿ /n£| instru 

J' rne.nt f or ck ilolf-eft. 
J ¡th.: ta tJor-l 

It 'dots" somekkinc^ 
response, to JA«£-

M do to it your-
seij . 

I rt 

y.° 

iSkat ) iJant , proi/Vc/eeL I fc c loe i 

J knouJ ujliat it can cío onei üAftt it 

li tUt ; Janfc ! 
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you like to 

A s k LKe JSalance. ? 

cThen first m o k e o Jzalan.ce. ¿¿> 

Use. a 
- Small piece of <JoocL, 

- a 
nail piece of 
small s/afc 

a haminer oncL 
- so»nt no/Is. 

e-nCtse clroJiHQi sAokJ 

â e e tJioí tkei-e are 

at /east one Jaet^Sten, 

biJo chi lcife.n . \Oot-L¡*a 

¡n ihr ees >s also o^ood: 
it CKiliVenj di'i£Miii'ort, 

. ¡LooA ̂  

/ídcl o strip of 

pea-JooareL , t «Jo 
route KTIO/C, a net 
v/i.tK On odd number 

of ¿to/es m 6ach. ro*S-

J3wt o tin'd strip of 
<Jood. 

feO 
ejooe/ 

1. 

Ö 

(c 
hoi 
loa 

th 
J"1 

s ¡oí) «JiíA o. 
ei mak&i a. 

lance 

• 
t 

s hole 
fc ab«J 

arm, to 

,1 

« 
èke centre. 
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W / c h the yo uno er callaren 

tke.i-e 'S little to fuss a b o u t 

M a k e ¿ure that tkere 

are some. Jbalanees ' ; 

freely pjcu/a M e . . . tojetdei- ufi tA. 

blocks , acorns , 

b e a n s , \Sasherjb, 

and assorted odds and ends. 

Let Lk e m explore as tneu ufish.: 

Lnis is a first encounter , 

leadinc, to o first disloque.'- "what ore you? 

"What can yo« do?'' 

\nese basic Question s "whqt do you do? 

are. sufficient for tnem . 

W a t c h , and learn. from cnt Idr e n 

and balances alike.. 

Miss ! 

11 qoes do*Jn ! 

Short story. 

Yulitha and Dominic ar« together working on th« 

sane little balance. Yulitha notlcee that the 

heavier side of the balance moves down. She adds 

a weight to the other side which now noves down. 

Soon she is satisfied with this observation and 

changes to something else. Dominic, however, 

notices that some weights cause the arm to dip 

only a little way, while other weights make it 

swing all the way down. This fascinates him and 

he continues to explore this further by trying 

out a multitude of different objects. 

This shows that not all children do the same thing 

when they are working on the same thing. 

first it 

and tken. 

it sits s til 
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M, K i 11 a i u na 

•ijíiot o/c/ei- cKi'/di lomeklhaL oldei- eKiIdrfîn tfo.n to télate. 

the DebaJïtfur of £Ae balance to uJhot ¿lieu 
put o n ifc. TïTew .SCai-t to t u m p i c e , Qne/ r\o<-5 

tlje/i- balance b e c o m e s a«, i n j í c u m e n t 

(-7-1 o /< i I-I 

it, 
< I i t = i- i i—i 

i« 

notlino on it. 

átrai'qkt . 
U / t k nofií 
¡t il ¿S SCKOiq 
) co« m a k e it ií t 

ifc'-oiq'tfc J i tíi. 
it ! I Jbeans 

.Si ttini IQ sti-Hiali t. J 

Vi«* J 

Maki'na CIJM i II ¿f-ium ncO hecerrtt i 
the end of tne cíii fe/ren'J endeaJeui'i, 

Tliew /ike pratkisina hhib skill b w r 
aTss i - t j oí tllmoi ¿alante each oí/i« 

»ki'nc 

*T3« e4e.it I I M L J are 
m SOdil'On'uin sJifcn 

\fe atprns . 

i a k i n a e IJ u i 

ce> fl : 
Jb a I o n c i n ci 

/ \ \ A Mej te/t and nut 
» S B J m a k e eaui liafitir 

" \ 

i-S í t f-l ACiien. 
<J"Q i k e i-s 

3ut 

~Tke.it- trials aft direct 
and Contrete , Jíiick helps 
tne chi ¡dren dzSe.\op 
objectiifi'tw in oijei-JatTon . 

'genera f fuies" »re not (yet) i-nade , nor- u^eet. 

Let m e see 
ijdat eii£ ufoulol 
Joalonce 

bolt one/ nut V" «j 

(L ska)/ cru 

i>«t 
to 

tut 
tn ,'5 

iS f-iot so ofciTi'oui 
o n . I d ? 

"ffe*, 
o-t Convie. 

y a m - rwttei-
oíjc faalance.51 

re i fen ijaiiief^. 
__y 
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r, r o m J$*¡ a ne i n a 13. t o W£ i qh. i i a h. i n. q 

Oui ir m o c / e r n oroceri 
no lonoei- kfeígAi bke.it-

iSares on. proper 
/#' — ^ - V / • • 

halances'• Instead 
tkeu Mj£ some 
ftlfctroiii'c oroc/get. 
Our ctt< I dren do not alijaos, 
associate. xSeijhi'xa ¡Sikh. 
halan ci n.a . 

e 3 
[ ~f~Our rtuts alio f 
' Joalonce. m y scissors J 

) tU i «fe \jhen. 
k\Jo ft i no s ore oj 
e <ju o / ufe. í o «. L', 
ihe-M Uezp th« 
bufonee alijaíjt 
In ÊOuili' brium. 

TfiiJ , a t Itast, 
is true jor fcde 
equal arm. balance. 

Once the children 
reach chis notion, . 
the« can starb \ 

xjifh Kh.e.ir Tim pie 
balances . 

3 
~four txuti 

Joqlance a tangerine.) 

Tíien ¿ne 
tange c u e 
muit also 
Joa fonce 

-Sir, J Here 
are fcftfc ijeiafifcs? 
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\Shat is not a Jaa I a nee 

Tok a tJ'fjg. 
a knife., 
a board., 
a stick, 
a b p o o m , 
a inoe, 
o Kulen 
a s t KQKJ, 
a stiff tJire, 
a spoke., 
a p e n c i /, 
a b a •• o_f c / i o c o 
Q c/othe-S hanger, 
a no moifcer v̂ hot ; 

iy specs 
my chair, 

fnu spoon 

/ate, 

acid 

pos i 
a picce 

C i e n , onci 
t, of SC ri na 

ou make 
y 

¡b 
fcne prop&r 

o holance. 

¿ticks 
S fc c i n q s 

and 
cut-ouii 
pat ience 

you can Hiake 
likien JOalanees 
w K / c k ^balances 

or 
or 
or 
a net 

a halante, 
Q batanee 
o balança. f 

straJs 
threads 
t H. í IT* s 
deJoVion, 

t 
- 4 — • — 

Tïti.s <5 called 

o mobile.. 

Tru maki no 11 : 

Wifc/î »OHicK ha lance. 
ufou Id you start? 

Wild 

oj Jf 

fch.¿ one 

IsTitn, 
th is o n e ? r ^ 

ot- fcn i s 

Children tj K o 
p»-o¿le,»Tis b e g i n 
o bit oj t/ie 

can solj"e these, little, 
to u ne/et- s ta nd. quite 

of Q hala «.te . \So r k i r̂ g o f 

J-IO t Jat L K e m . d o SO 
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JBaloncinu Jipareis. 

Can you halance 
a she-cL of cardboard 
On. ike. tip oj your 

J "13 ec 

Tr 
'J 

tKii: • Mofee o 
p lumt - l 
attack 
to Ike 
of Ik 
O, thread. 
Suspend Ikis from. 

&t mole. 
nie ; 

a small ijeiant 
e.ne\ of a pitee 

in. -Strina or 

a hook or 
ike. ijq/l. 

noi, 

ci^ 
• Puac/i 3 h.oJe5 l'a your recto.nßular 

sheet oj- cc,r-el hoard. » i tkree. 
di if firent places. 

(7Íe J r d Ko/fe l¿ o control) 

* Unjatnel a . / / , aape.rc.ltp into a hook 
(¿TZ/ist tAe beifcem part forjarcl ¿W 5«*) 

Hoo/c on. your c*rd-
boord. and. nono it 
be.hincL the. plumb-
/ i ne on the. Jo/I. 

Caréjulljj indicate. 
houJ fcne. pium t>-1 ¡ne 

runs across tke 
boo reí . 

Repeat o'/ tniJ usina 
the. other- bJo holes 

You can. mark tke. Vertical 
p l u m a - / / ne few carefully p¡acinc¡ b»Jo 
dois, i\*sb underneath fcke tStïahttd 
St r\Y\ n3: JSf /OiVi/rtO tfcc 
one/ ruler, you. dro\S a qood. straight I m a 

e/oU 

3' 
uSick pencil 

:3' 
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U~hat do these. p\umb-\ ' nes> bell you. ? 

- \Jiiat cto tkcjj tell you about "t^uiiihriitm" ? 

HolUt that ike UaU j rom wlica 
you impend, youi- c «i-d hoai-ci 
I j a fulci-um , o pi Jot , 

a tui-ninct- point /n-it / / k 
the. C t n l K t k o / e of o Jbalon 

'(ft 
ice — 

- HotJ iJöulcL t/ae areas on hoik sides 
oj the. plutnlo-line compare.? 

- IS it Q matter of- airea ? 

- W hat is the importance 
of the point uidere. th.c 
/ ¡ties c/ess ? 

" -^rom Jkere to uiftere, 
olo these lines run. ? 

- "Place, t/ae. aross'm&-pein.t 
n o J On t(tt tip ojyaur 

"-rfii peiit u)n.et-e tde 
linei erex.5 i'í calleó: Can yen eaí«ict i¿ 

"Potn.fc cf (yKaiiitui 
C e.nkre •Í (ri-ai/VCj . 

C O M ici yo« call it 
"Point oj Equilibrium . 

Could yon J-ind. Lke. 
cewire of arajity ... 

ûj a Soup plate ? 
s J. oe 

a h«nilkercliie.f ? 

ôr... yowr oJa • 
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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. 
O n e 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. W h e n 
they later checked their 'feeling', they had to m a k e some 
adjustments. 

These children spoke Swahili, and they used the most 
c o m m o n 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 
n a m e d . 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) w a s small but m u c h heavier than a 
big dry bone. It even beat a block of wood on the balance! H o w 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 s o m e word or 
expression which would neatly describe this property. This was 
quite a linguistic proposition, but it set little wheels turning in 
their heads, and they c a m e up with a surprisingly original term. 
They called it 'Uzito wa Asiiï. 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 
m u c h better? 
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of: what makes, the Joolance. balance ? 

""the 4 oll o Jinq course, of action can Joe 
undertaken jbjj older cki Iclren. 

•5->H So/Jinq ¿ o m e siMple , o/i'ract protlems 
- to iJkíe.ív tiit Joa/ance "knoOs" tnff anjijer«, 

you ore led to a qen.eral cgrtcÍMji'on: a 
generalizo t ion. , a > u / e , a lem) , »JhTeh. 
tan te ex.pre.Sied. "n Q formula. 
(Tttii process ijt colled: i nc/wcti'eri.) 

U«e/erjt«rtc/ínu fch-ij formulo. enables you 
fco soli/e rteiJ problems b« deducti'on. 

'ProJide enough, .balances kfi¿h o peo-board. 
itr/p qs balance arm , ¿u^pendeá. j-rom. 
the centre . .fcjsß Hole . 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

14 13 12 II 10 9 8 7 i i 4 1 2 1 0 I 2 3 4 5 6 7 6 » 10 11 12 13 14 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nlwmi)er the hol«.* as shoün aboife. 
efhe.se humberj indícate ene distances (i)) 
measured from the centre (0) . ftti-S is 
t k e fulcrum, oc tL/rn.íno-pO¿n.¿". 

(Tie n.um.ber oj holes maj be 'f, U , or (0.) 

U s e se urcKf jDapercfips as "iJe/£jh.ts " 

as units of- mass . One paperclip is J[|̂ ]. 

Per hole you can use m o r e thon one unit 
of m a s s : e.q. you are instructed to place. 

" 3 M cfc D ' Y / r 

-TFiiS m e a n s that w 0 u must n/ace 3 paperclips 

m hole no. 8 . (L-ijt or r.jht QS the cafe moj be.) 
"f̂ r Wanting paperclips it is jbefcter to use the 
holts IKI the. bottom. roJ oj- your pea-board. 

j2>e(or£ ye>u .start, make a small 
rioter out oj bent tjire, or- a ti«w 
paperclip, So that yon can brinq 

yont~ balance arms into perfect 
e\qt* i I i b r i w m . : onlw thon can your 
balance giVe y<?K fanlfcfeJS emiOers. 
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T '̂r-st o\ d\\- Jor'mci your halana 
to ecjui li hri urn •• onlu 

ike Joalancina hqlance 

QiJes you reliable 

answers. 

= "R l̂i£ i s \Jron ma 

^ /eí est are exan,o, 

of jfiot to do »•>«/ 

V[Oii to recorta, it.' 

"Pat j_uni't oí M w i 

ai Distance ¿M , 

on Lkt Ujt side, 

and. / unit «jM. 

ot JÛ. /«f on ike 

right-hand Side. •] 

-tit i i is one 
problem ? 

Le 
M 

1 

l 

i 

D 
2 

"o 
1 

V 
3 

ft 
:D 

14 

6 

4 

14 

14 

10 

D 

D 

"Prgkt 
M 

1 

1 

2 

1 

D 

3 

1 

D 

0 
n 

8 

n 
D 

4 

H 

il 
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cL: uíkaL hos heen ¿riiten, 
m u s ^ -be done. ', °lo that jit-st 
Tffen fmure Cu¿ tJ¿ta¿ makes 
ike. balance, balance --- and. 

j-¡ IÍ iVi ike. Jolanks . 

Lejfc 
M 

D 
1 

i 

D 
D 
• 

2 

3 

2 / 
i 

i 

3 

! D 

D 
9 

9 

7 

5 

3 

13 

D 
D 
D 

5 

"Ria Jit 
M 

D 
X 

D 

I 

D 
D 
3 

D 

D 

5 

14 

12 

3 

D 
10 

ii 
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Mo«J m u c k is I e.Jt to yout- otJn, 
i nae nu i tu ; Lhe. record éd. 
Y-e.¿> u I ts mau tSe. 11 differ one 
4 r o m the other, J=>ut if the 
Jo a / à n c e / _s / n ecjuiliJorium, 
the "aniiJei-" must be r-ic¡ht 

«Coo '3' 
w o u a q r e e Q_3 

Le>k 
M 

*J 
3 

D 

*n~ 
2 

a 
V 

4 

n 
^n 
i i 

ID 

5 

a 
n 

• 
D 

• 
a 
• 
• 

-Rigkt 

M 

• 
a 

2 

D 
2. 

• 
• 

3D 

1 3 

• 

If 

15 

a 
• 
• 

a • 
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;D 
to 
\o 

3 fcS< 

5° 
"J 

tk& 
Jftij ' 

N o , /e.¿ " ¿ ¿o/<< ikort cul 

£).sk yourse.tf •' - When is there equilibrium ? 

- la Jhofc kToij doci l*ft e^uo/ j-iahc : 
\0hot is the meati'rta of L = Í-? r 

- On ¿hat does eoM¡/iot-íum depend' 

• on. tht total units of mai.» Í 

•on the c/i'stoMcefsJ oj tAc masjfeO J-rom 

fckt í ulci-wm. • 

• Or- on. hoik. ? 

1} hoik M J D i*jli4tHit the state 
of eeuí/i'¿n'um , koO tken are fckejf 

related ? 

C a n yo« express tki. in o Sim pie J ornnu. In u? 

P D o reme^^er- tkís Jel/, 

.becau.se Ji'tk the kelp oj tkis 

tórculo* and « halanci you 
can nod soUc wanj problems 
fckofc you Could not SofiTfi 

vj-fUvr fwmy 
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^rohíem 1 

/—'roblem 2. 

m. 3 

1-Vo.bíem S 

l-Vo¿>/em 6 

íibi| V U i e ¿fee j e , « « ^ 
3 tc> establish the 

"uieiaht (irma&s) 

oj these scissors OJ t a r j e J>CI5JC3ri. 
ÍUie ¿A« paptrd.'p as o W„ ( C e ¿ mass). 

-find, 

y Ou ji 

~ttnol the "tJcloftt (nasi) oj Uhateifat-

• --•- ¿/net in yam- POcUe.t •• 

- pe.n. 
- C o m b 
- / ; pjs t ick 

" c/ocsa'tmotteriĵ ac 

~F"YneL vSiih tke. rietp of not 
more than J£. Oaoer-e-l i pS (jour!) 
the. exact mass of et ball oj-
clau (»r Pias ti'dnej 

\Jhat clo^S a pi' n iJ"e/g/i. . 

Estahlish the mass oj your 

Joalanct arm. - - -

Jout W¿ ihou t usina 
o n o t k e r b a l a n c e . . 

Vow haJc. Q Joroom 
Q ¿trino 

on cl a. xoo uro fr? mes ij"cía/iír 

II. ,.*fr. Z3& 

U_5e tlt/'s device to ujeiqn 
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lu waxy pacta uf ihe^wûdd» science elation.geci&ies a 
comparatively insignificant place in primary-school education, 

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 can be used both in group-work and by individual 

teachers for independent study. 

Dr Wynne Harten, 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 in 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 ha§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. 

92-3-102721-2 

9"78923 '027215" 


	Contents

