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PREFACE TO THE 
FOURTH EDITION

As with the previ ous editions of Learning to Teach Science in the Secondary School, this 
fourth edition is written in conjunc tion with the generic text, Learning to Teach in the 
Secondary School, 6th edition (Capel, Leask and Turner, 2013), which we assume readers 
can access. Therefore, we have attemp ted to avoid repe ti tion of mater ial in the generic 
text though there may be some inev it able overlap to aid clarity. The sugges ted tasks, set 
in boxes, are an integ ral part of each unit and the inten tion is that they should be read in 
conjunc tion with the text. As with the generic book, these tasks can be done on your own 
or in collab or a tion with your mentors in school, your tutor or your fellow student teach ers. 
The tasks frequently provide oppor tun it ies to link theory with prac tice: it is often very 
diffi cult to separ ate theory and prac tice and very often theory is essen tial in order to 
under stand and inter pret much of the prac tice and proced ures you will encounter as a 
student teacher. It may be worth high light ing that in a number of texts and journ als, the 
term ‘student’ is used instead of ‘pupil’; that ‘trainee teacher’, ‘trainee’, ‘begin ning 
teacher’ or ‘pre service teacher’ may all be used to mean ‘student teacher’ and that 
‘school based tutor’ may be used instead of ‘mentor’. Although the term ‘student’ instead 
of ‘pupil’ is now becom ing common place to mean a learner in 11–19 second ary educa
tion, there is a risk of confus ing ‘student’ with ‘student teacher’ and we have there fore 
kept to the terms ‘pupil’ and ‘student teacher’.

Since the public a tion of the third edition, there have been a number of import ant 
changes in teacher educa tion and in science educa tion. These changes include:

n a new set of Teachers’ Standards;
n the intro duc tion of School Direct for school based teacher educa tion and train ing;
n changes in the names and status of schools that now include terms such as colleges, 

academies, ‘all through’ schools (from 5–19 years) and free schools;
n changes in assess ment and exam in a tions;
n new Ofsted (Office for Standards in Education) inspec tion frame works for both 

schools and teacher educa tion and train ing;
n changes in the National Curriculum.

Many teacher educa tion and train ing courses include Master’s level work and readers are 
direc ted to the relev ant sections of the units that address these require ments. Many of the 
sugges ted ‘Further Reading’ lists include refer ences to books and book chapters that will 
provide appro pri ate back ground for Master’s level work.
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When Jenny Frost, the editor of the previ ous editions of this book, approached me to take 
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Figure 1.2.1; Caroline Allen for her drawing of a scient ist in Unit 3.1; Nick O’Brien, 
Satomi Saki and Jamie Styles for ideas and draw ings which appear in Unit 5.3; and the 
pupils and student teacher who appear in the photo graphs in Unit 5.6. In addi tion, I would 
like to thank Herschel Grammar School for permis sion to repro duce the pro forma 
example in Figure 4.3.4 and Brunel University for the pro forma example, Figure 4.3.5 
and the lesson eval u ation pro forma in Figure 4.4.6.
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her advice and for easing the trans ition to my edit or ship.
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INTRODUCTION

Becoming a science teacher involves a diverse range of differ ent tasks cover ing a wide 
range of skills, know ledge and under stand ing. No day is the same and very often no hour 
is the same. This is by its very nature a func tion of dealing with human beings. The 
humans you are dealing with on a daily basis are not just ordin ary humans; they are teen
agers and have all the features that go with an age group who are going through some of 
the most import ant changes of their lives. As a second ary science teacher you are in a 
priv ileged posi tion to witness and even to some small extent, to be part of those changes. 
Therefore, the skills of a begin ning or student science teacher are not those that just 
involve science know ledge and skills but are those of an indi vidual who may, at various 
times, be a coun sel lor, careers officer, adviser, psycho lo gist, carer and actor, to name but 
a few. After all, that is prob ably why you decided to be a teacher. At this point it might be 
useful to read the first unit, Unit 1.1, ‘What do teach ers do?’ by Andrew Green and 
Marilyn Leask from the compan ion volume, Learning to Teach in the Secondary School 
(Capel et al., 2013).

The units in this section provide an early intro duc tion to start ing out as a student science 
teacher. It provides some back ground about start ing points and some of the skills and 
know ledge you may bring with you that can enhance pupils’ exper i ences. It provides the 
back drop to devel op ing as an indi vidual who is deeply involved with science learn ing – 
in Keith Taber’s words, a ‘learn ing doctor’ (Taber, 2001, p. 53) – and with a proact ive 
approach to managing your own learn ing and profes sional devel op ment as a science 
teacher. It also gives an over view about the ways in which schools and science  
depart ments are struc tured and some of the differ ent jobs that science teach ers under take. 
In essence, this first section is about an induc tion into a community of prac tice that  
relies not only on science know ledge, but also on a variety of skills required when  
dealing with people. And the people in second ary schools are a diverse but extremely 
inter est ing lot!

BECOMING A 
SCIENCE TEACHER
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UNIT 

1.1

INTRODUCTION

Science educa tion can be a rather tricky busi ness. Not only do you need to know the 
science itself, to ‘know your stuff’, you also need to know a lot about educa tion, that is 
teach ing and learn ing, and know quite a lot about people. There is a myth – and one that 
is unfor tu nately still preval ent in the minds of some people with little exper i ence inside 
schools – that science is some thing that can somehow be impar ted to pupils, that science 
know ledge can be trans mit ted directly from the teacher to the pupil by some unseen 
conduit, a kind of learn ing cable from one stock of know ledge to an empty vessel at the 
pupil end. The mere act of telling someone can somehow convey all the inform a tion 
needed. Nothing could be further from the truth.

OBJECTIVES

By the end of this unit, you should:

n be aware that science teach ing and learn ing is a complex process;
n know that your own enquiry skills are needed to develop know ledge about 

science educa tion;
n under stand some of the require ments for Master’s level work.

WHAT DO SCIENCE TEACHERS NEED TO KNOW?

Starting points: what do you know already?

Beginning or student teach ers come from a wide variety of start ing points in terms of their 
academic exper i ence, social and cultural exper i ences and work exper i ences. Added to this 
are their values, atti tudes and beliefs about science, what it is and how it should be taught.

Academic exper i ences may be varied. They may include a first degree from a fairly 
narrow area or one with a mixture of differ ent modules; they may include a higher degree 

LEARNING TO BE A 
SCIENCE TEACHER

Rob Toplis
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in an even narrower area with research based on one special ist topic. Examples may be a 
biology student teacher with a first degree in genetics but with little or no ecology; a 
physics student teacher with a degree in elec trical engin eer ing but with little content  
in astro phys ics, or a chem istry student with a degree in medi cinal chem istry but little 
inor ganic chem istry. In these examples, further subject know ledge enhance ment would 
be required before being able to confid ently teach all aspects of the special ist science.

An indi vidual’s social and cultural exper i ences can often be a valu able addi tion to the 
daily inter ac tions with teenage pupils. Personal exper i ences and interests, member ships 
of groups, travel exper i ences and hobbies can contrib ute to the posit ive profes sional  
rela tion ships that occur between teach ers and pupils. At one level, involve ment in  
the clubs and soci et ies in schools not only helps forge these posit ive inter ac tions  
but helps the informal educa tion of pupils: the hidden curriculum. At another level, the 
rich ness of a diversity of back grounds and cultures can add to the overall pupil exper i ence 
in school.

A student teacher’s prior work exper i ence can provide oppor tun it ies that will enrich 
their science teach ing, whether it be through new ideas to teach ing science, approaches to 
organ ising the classroom, dealing with indi vidu als – the so called ‘life skills’ – or simply 
some of the anec dotes from work that can be used to illus trate ideas in the science  
labor at ory. However, it is import ant to point out that schools and classrooms are very 
complex social situ ations and often work very differ ently to the work place; it may  
not always be possible to simply trans fer prac tices from the context of work to the context 
of school.

You will, inev it ably, arrive with a number of very differ ent views, values, beliefs and 
atti tudes. Some of these may be based on your own educa tion; some will be based on your 
views of the world, your exper i ences and even the ways you view learn ing. When you 
begin teacher educa tion and train ing, a number of these will alter, and may even be in 
conflict with new exper i ences and change as a result. It is import ant to be open minded. 
As you observe, reflect on and eval u ate your previ ous ideas and current exper i ences, you 
may start to develop a personal philo sophy about science teach ing and learn ing, and your 
role in this.

Task 1.1.1 Starting out

Make a list of some of your skills and beliefs about science teach ing and learn ing. 
These might include: subject know ledge; ‘trans fer able’ skills such as organ isa tion, 
time manage ment and creativ ity; ‘people skills’ such as empathy, diplomacy, 
enthu si asm, and beliefs, atti tudes and values that might address the ques tion, 
‘why do I want to teach science?’

Then look at this list and consider how you can enhance these skills, and how 
you hope to address some of these areas during your teacher train ing and 
educa tion.

An outline of some of the differ ent roles of teach ers can be found in Unit 1.1 of the 
compan ion volume to this book, Learning to Teach in the Secondary School (Capel et al., 
2013).
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Subject know ledge, content know ledge and pedagogy

There has been a certain amount of debate about the nature of subject know ledge. Teachers 
need to know what to teach, the content know ledge neces sary. They also need to know 
how to teach this know ledge, the pedagogy involved. Shulman (1986) has contrib uted to 
our under stand ing about subject know ledge and has proposed the term pedago gical 
content know ledge, or PCK, to refer to the prac tical know ledge used by teach ers in 
classrooms. This prac tical know ledge is, under stand ably, complex as it involves the 
know ledge that special ist teach ers possess that includes pupil miscon cep tions, examples, 
analo gies and models. Added to this are the illus tra tions, concep tual diffi culties and 
connec tions with other aspects of learn ing such as assess ment and the curriculum (Berry, 
2012). If we take the example of teach ing a very simple topic such as the forces on a 
cyclist pedalling at a constant speed along a flat road, the teacher will need to know a 
number of import ant facts. They will need to know the content know ledge about the forces 
acting on the cyclist such as fric tion, forward motion, gravity and Newton’s Laws. They 
will also need to know pupils’ miscon cep tions or altern at ive frame works about forces and 
motion, how force arrows can be drawn, balanced forces, some possible simple demon
stra tions or obser va tions about Newton’s Laws, other possible examples that can add to 
pupils’ under stand ing, ‘what if’ ques tions and even the kinds of ques tions that may arise 
in assess ment tests or exam in a tions. The PCK involved in this appar ently straight for ward 
example on forces and motion is rather more complex than it imme di ately appears and the 
teacher needs to draw on a wide range of know ledge to deal with this.

Task 1.1.2 Simple photo syn thesis

List the items of PCK needed to teach a simple outline of photo syn thesis, involving 
the produc tion of carbo hydrate and oxygen from carbon dioxide and water, using 
light energy.

Curriculum know ledge

Subject know ledge is not the only form of know ledge a teacher needs. They also need to 
know what needs to be taught, i.e. curriculum know ledge. This is further complic ated by 
the frequency of curriculum change but change is inev it able as the curriculum is revised 
in response to changes in policy and evolving ideas about what kind of science needs  
to be taught to all pupils in the second ary age range. Curriculum change is not just  
some thing to hit the news in England; it occurs through out the world as govern ments and 
inter na tional educat ors react to the need for both a scientific and tech no lo gical work force 
while at the same time enhan cing the scientific liter acy of twenty firstcentury  
popu la tions who need to be better informed about some of the major scientific, ethical and 
envir on mental issues facing them.

One of the biggest curriculum changes in more recent years has been the arrival of and 
changes to the General Certificate of Secondary Education (GCSE) with a shift towards 
what pupils can do, rather than what they can remem ber for a final exam in a tion – and 
recent shifts back again. The second major curriculum change is the National Curriculum 
and its revi sions.
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The National Curriculum arrived in 1989, result ing from a mixture of histor ical events, 
initi at ives and a not incon sid er able degree of polit ical influ ence. Although the biolo gical, 
chem ical and phys ical science content was famil iar, AT1, later to be called Sc1, covered 
exper i mental and invest ig at ive work and was the first time invest ig a tions in school 
science were now part of a stat utory curriculum. With Sc1, pupils were required to 
predict, carry out, analyse and eval u ate invest ig at ive work in science. This type of prac
tical work in science was a notice able depar ture from the ‘recipe follow ing’ form of prac
tical work that was being carried out across the country, designed to illus trate scientific 
phenom ena and explan a tions.

Since 1989 there have been five versions of the National Curriculum in 1991, 1995, 
2000, 2004 with another in 2013. What does this indic ate? Changing criteria for the 
science curriculum? Different polit ical agendas? Or the real isa tion that previ ous versions 
of the curriculum were in need of change? Two earlier areas of the National Curriculum 
were open to general criti cism as far as teach ers were concerned: its manage ab il ity in 
prac tice and its assess ment. A third criti cism relates to scientific liter acy and the ques tion: 
‘Who is the science curriculum for?’ A rapid level of curriculum reform in the early days 
led to ‘mass reading activ it ies’ (Wellington, 1994, pp. 3–4) where teach ers attemp ted to 
inter pret the new require ments, a diffi culty for a group of profes sion als more used  
to controlling aspects of the curriculum (certainly below the exam in a tion years) than 
deliv er ing a cent ral ised and prescribed format over which they had no influ ence. Teachers 
then had to write complex schemes of work to accom mod ate all of these factors – and 
have been doing so ever since. The later versions of the National Curriculum attemp ted 
to address some of the prob lems and simplify them by relying more on the profes sional 
judge ment of teach ers in their inter pret a tion and imple ment a tion.

In response to criti cisms that the curriculum was prescript ive and assess ment driven in 
nature; that there was an over load of factual content, little contem por ary science, and 
course work that was restric ted to a few tried and tested invest ig a tions that were divorced 
from day today science teach ing, the 2004 version of the National Curriculum  
intro duced ‘How Science Works’ with its emphasis on evid ence, invest ig at ive science, 
commu nic a tion, and applic a tions and implic a tions. These now form the ‘working  
scien tific ally’ part of the latest version of the National Curriculum.

More recently, there have been continu ing inter na tional concerns about school science 
educa tion, includ ing a reduc tion in the numbers of pupils study ing the phys ical sciences 
beyond the age of 16, gender differ ences, and pupils’ atti tudes and motiv a tion for study ing 
science. The Relevance of Science Education (ROSE) study of pupils’ atti tudes to science 
shows that in over 20 coun tries, pupils’ response to the state ment: ‘I like school science 
better than other subjects’ is increas ingly negat ive the more developed the country 
(Osborne and Dillon, 2008, p. 13), that science is ‘import ant but not for me’ (Jenkins and 
Nelson, 2005, p. 41). Against this back drop has been the most recent version of the 
National Curriculum with greater emphasis on content know ledge. It remains to be seen 
if this initi at ive is able to reverse some of the trends in atti tudes to school science and can 
engage all pupils in further study and for greater scientific liter acy.

LEARNING SCIENCE

The science teacher needs to have some under stand ing about theor ies of learn ing. A 
biolo gist would not expect to under stand many aspects of the subject without Darwin’s 
theory of evol u tion by natural selec tion; a chem istry teacher would be expec ted to know 


