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This book arises from the experiences of staff working over many years in
training graduates for their entry into the teaching profession. It has always
been axiomatic at King's College London that teachers in schools have an
essential part to play in partnership with university staff irv this training. Our
work in developing school-college links has shown us that our co-tutors in
schools find it hard to give the time and thought that they know is needed to
develop their role to the full. They are well aware that far more is involved
in preparing new teachers than putting them at the front of a class and criti-
cizing their performance from the back.

My colleagues have started from the position that they can offer practical
help for teachers in schools in our shared task of training. The ideas have been
developed through years of experience from staff who themselves entered the
university after several years as secondary teachers and who have renewed
their contact by short periods of classroom teaching in schools in the last few
years. 1 must acknowledge the many teachers in our partnership schools who
have contributed to our course and from whom we have all learnt a great deal
about the issues addressed in this book. We have been able to distil and
fashion that experience into guidance that we believe will be helpful to teach-
ers for whom their part in teacher training is only one of many important
responsibilities which they carry out for their pupils and their schools.

In drawing up this material the authors have also had access to lessons
learnt from rescarch studies. in many of which they themselves have played
a leading part. The advice on issues such as monitoring pupils” learning. or
handling practical investigations with & set of thirty pupils. is based on re-
wearch which has been carried out with teachers in their classrooms.

Reading through these chapters, I can see three main principles that
underlic the approach adopted in them. The first is that, despite the varia-
tions in the spontancous ability of new teachers, teaching is both an art and a
craft that can be learned through hard work which demands close attention
to nunierous issues of detail,

The second is that the mode to which training should be aimed s that
of the thoughttul and competent practittoner. one who can nake effective use
of 4 range of shills, who s well informed about the art and craft of teaching,
who can reflect profitably on experience and whose first priority is care for the
development ol pupits,
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The third, which subsumes the other two, is that all of us responsible
for training, whether in schools or in universitics. are committed to helping
onc another to offer high quality training which gives new entrants the hest
start possible to a carcer-long process of professional development. This
book is one expression of my colleagues' commitment to that quality, and
I recommend it to teachers in schools as a4 contribution to their share in that
commitment.

Professor Paul Black
King's College London

uly 1994
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Introduction

Who is Learning to Teach Science for?
Mentors

The principal purpose of this book is to provide mentors with activities to be
used with their student teachers. Reading this book should reassure teachers
new to mentoring that this new role is not so difficult and that with practice
and experience they can become highly effective.

Student Teachers

All fitty activities in the book are for student teachers. Therefore student
teachers might usefully have their own copies so as to have direct access to
the student teacher notes as well as the commentary for mentors. The notes
for student teachers o their activities are always in a boxed format.

Scicnee Teachers Generally

We think there is a tot of good advice in the activities. Experienced teachers
will find it useful to have this text as an inventory against which to check their
skills and knowledge. We would be disappointed if they did not find some-
thing new that they had not yet used or thought of.

Why read this book?
Lcarning Scienc

[he activities for student teachers provide gudance onactivities to help pupils
learn saience more etfectively and more etficiently. We have butlt in advice
on a wide range of different activities for pupils, Generally the third section
of cacl chapter. (ice. 3.3, 6.3, 8.3 cte.) is where we have placed the greatest
varicty of atternatives,



Introduction
Teaching

Better learning depends upon better teaching. Forty-five of the fifty activities
focus on the classroom and the work of the teacher.

Mentorship

The mentor’s brief, in cach activity, provides background information and
sets the scene. Each activity has an aim or objective to focus the activity for
mentors and student teachers. Mentors can save time by directing student
teachers to the students” notes. Chapter tis specifically written as general ad-
vice to mentors. Chapter T describes activities for reviewing student teachers’
progress.

How is the book organized?
The activities are organized in two ways that run across cach other, forming

a matrix. There are chapters with activities sharing a common theme. There
are phases of a student teacher’s development which are identified by the place

they have in the chapter and the numbering of the activity in the chapter.

Stident Teachers' Development Reflected in the Adtivitios through
Chapters

Early activities (i.e. 2010 310 4.1 ete.) are for when student teachers
have just arrived at the school and are finding their way about.
Activities that follow are for when student teachers start team teaching
fessons (ie, 2,20 3.2 4.2 etel).

The third activity in cach chapter is generally tor when student teachers
are teaching complete lessons (e, 2.3, 3.3, 4.3 cte). This is where we
have concentrated on introducing different activities for student teach-
ers to trial and evaluate for incorporation into their own repertoires.,
The penultimate activities in cach chapter (i.e. 2.4, 3.4, 4.4 ctc.) are
intended for use when student teachers have been teaching complete
fessons for a tew weeks. 1t s at this stage that they need to reflect on
the imphceations of therr planning, organizing and managing of actis -
ities for pupils. This is the time when student teachers might need
some mid-point review (as inoactivity 11.4).

The fimal activity of cach dhapter tes 250 3.5, 45 ctel) are mtended
for bevond the nind-point review and for when student teachers should
be thinking 1 a broader way and looking forward to fuller profes-
sional control,

PArunext providea oy enc || .
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Dureducnon
Chapters with Activities Grouped in hemes
The themes are:

¢ Observing teachers at work — which should be continued throughout
the training of the student teacher and not just used at the initial stage.
e Activities for pupils — which forms the principal thrust of helpimg o
direct the focus of work for the student teacher onto pupil activity.

¢ Planning and managing — which outlines the job specification for
planning. organizing and managing activities for pupils.
¢ Investigations — which takes student teachers through one of the

defining features of science.

¢ Communicating science which alerts student teachers to a wide
range of communication opportunitics in science education.,

*  Science and knowledge — which introdu_es issues of the status and
form of scientific knowledge.

+ Science and people — which provides student teachers with pupil
activities that can humanize science.

e Progression in pupils” ideas — which considers cognitive devclopment
and the possibilities of cognitive acceleration and diftferentiation.

e Assessment — which ranges from the routines of homework and mark-
ing through formative assessment to issuces 0N sUINMALNE dssessinent.

Chapter Tand Chapter 11 bracket the whole enterprise. Chapter 1 opens with
advice to mentors and Chapter 11 closes by providing mentors with activ -
ities for helpine student teachers reflect on their protessional progress and
potential.

How Can the Book be Used?
Mentors

Mentors should read Chapter 1 first. This sets the scene tor the job of
mentoring. The three actions of team teaching, observing and debricting are
crucial to the job of the mentor. Good mentorship involves being skilled
these actions.

Scanning the first activities in cach chapter (e 2010 3.1, 4.1 ete), men-
tors need to select activities for student teachers as it s unlikely that there will
be time for all the activities. The activities sclected need to be sequenced and
Iinked soas to produce a scheme of work tor the student teacher. The samie
process should be repeated when the student teacher starts team teachimg e,
with activities 2,20 3.2, 4.2 ete.). At the end of cach phase of the student
teacher™s development, the appropriate activity from Chapter 11 should be
carrted out,

i
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Student Teachers

Student teachers need to read the notes in the boxes for the activities they are
dirccted to by their mentors. They will learn more if they also read the Mentor’s
Brief for cach activity. This should follow the reading of the activity and
not precede it. Chapter T wall inidally be of little, or no interest, to student
teachers.

Experienced Teachers

Activities at the end of cach chapter may be most stimulating for experienced
teachers. Having looked at the last activity in any once chapter, work back-
wards through the activities (i.c. 8.5, 8.4, 8.3, ctc.) to find out why the last
activity was there.

Heads of Department

Our advice is to read the book from cover to cover. Sclect chapters of interest
and plan school-based INSET (in-service) around the activities in the chapter.

The Philosophy of the Activities

Vhere ave five principal ideas that underpin the whole of this book. Firstly,
individuals are responsible for their own learning. Teachers and mentors can
structure learning opportunities, but it is the pupil or student teacher who has
to work at producing the change in themselves, This chimes with the current
concerns of a constructivist view of learning. The constructivist philosophy of
learning is most strongly expressed in Chapter 10, on progression in pupils’
learning. In that chapter, the Piagetian theory of stages of knowledge making
<Kills is described. Piagetian stage theory is also applied to the twin issues of
progression and differentiation.

Secondly, a strong idea throughout the book is that to change once’s
cognitive practice requires a self-awareness. This is true both for pupils in
changing their ideas about natural phenomena and for student teachers in
changing their ideas about teaching and learning. This self-awareness can lead
to closing the gap between where one is and where one wants to be, Activities
for pupils focus on helping pupils to improve their knowledge and skills by
thinking about their own learning of science. Activities for student teachers
attermnpt to promote the reflective professional as a model.

A third idea that underpins the whole enterprise is that performance
depends upon skills, Identification of skills is just one step in helping others
to acquire those shills. This is true for the mentor helping the student teacher
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and for the teacher helping pupils. Personal and professional development is
enhanced through sharpening our perceptions and conceptions of what con-
stitutes a suitable cepertoire of skills and how they mighe be learnt.

Fourthly, the idea of cooperation and mutual help is important to the
activity of both learning science and learning to teach science. We advocate a
team-teaching approach from the start. We feel that observation is a continu-
ing activity that improves the professional practice of mentor and student
teacher alike. We think that pupils should be encouraged to work coopera-
tively in their learning of science.

Fifthly, certainly not lastly, but perhaps fundamentally, the book is writ-
ten with the idea that we can change. Education is possible. One would think
that this should go without saying And yet. the culture of the school can be
such that this idea is sometimes forgotten, and even worse, suppressed. As
mentor, student teacher, teacher, INSET organiser, pupil, we have to believe
that we can. and will. do betier.

The source of the activities and ideas

Most of the activities in this book derive from the routine work of science
teacher trainers at King's College London in the training of science teachers.
Tutors at King's have both long and wide experience in such training activ-
itics. The Nuftield Science projects of the late 1960y and 1970s were based at
Chelsea College, before it joined with the education faculty of King's College
London. Tutors at King's act as consultants to science education projects
around the world. Rescarch into science education continues to be a flourishing
part of the work of tutors at King's. That breadth and depth of experience is
reflected in the wide range of focused activities for student teachers contained
in this book.

j  REST COPY AVAILABLE -
ERIC
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Chapter 1

Science Teacher Mentoring

Introduction

This chapter focuses on the role of the mentor and science teacher develop-
ment. It addresses two fundamental questions: what is involved in becoming
a science teacher and what does being a mentor to student science teachers
involve? It has been written specifically for science teachers (the mentors) but
it may also be uscful for teachers responsible for student teachers in a whole-
school context. The chapter begins with a section on teacher development.
This is followed by a section on the role of the mentor in which three key
actions of mentoring are discussed: team teaching. observing and debricfing.
A third section looks at issues which are specific to the training of teachers of
science. The fourth section fooks at issues related to working with mature
students.

In the UK. as part of the wholesale changes which took place in prim-
ary and sccondary education in the 1980s and 1990s, teacher training was sys-
tematized and regulated more rigorously than had previously been the case.
Although teacher training institutions still have control over the detailed con-
tent of courses. they are subject to government regualation. In 1992, the Depart-
mient for Education (DFE). acting on advice from CATE (the Council for the
Accreditation of Teacher Education), gave guidance about the nature of initial
teacher education. It was explicitly stated that “the planning and management
of training courses should be the shared responsibility of higher education
institutions and schools in partnership’.

Many training institutions already had well-established links with local
schools, often maintained through ex-students who had been appointed to
jobs in the area when they qualified. There were & variety of approaches used
to structure teacher training courses but they all relied on some element of
teaching practice (placement” or *“practicum’). With the implementation of the
1993 Education Act, the commonality between the courses offered has increased
and the links between schools and training institutions have became formualized
as partnerships’ Fven the name by wlich teachers respensible tor students
has changed from co-tutor, school tutor or supervisor to “mentor’.

According to the Department for Education: *Students should be given
opportunitics to observe good teachers at work in ., . classrooms, to particip-
ate with experienced practitioners in teaching their speciatist subjects and. as
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confidence develops, to undertake periods of continuous whole class teach-
ing.” The mentor’s role predominantly involves muaking sure that student
teachers observe, participate and teach and. at the same time. develop their con-
fidence. All this is in the context of both the whole-school approach to the
student teachers’ progress (which may not be the responsibility of the science
department) and the college-based aspects of the course which you should be
aware of through links with the college.

Section 1 Teacher Developiment

How do teachers develop, not just during their training, but throughout their
careers? s it a process of copying the style and skitls of other teachers? Do
teachers change to fit the demands of teaching and does teaching itself change
as society evolves? Student teachers begin their teaching practice with many
years of experience of being taught both at schoot and at university or college.
They will have seen teachers represented on television and read about them
i newspapers. They will generally be able to identify what they think a good
teacher does, at least from their point of view usually as a successful student.
These imuages and ideas are well-established and resistant to change. This is
not necessarily a bad thing and at least offers models that the student teachers
can use to compare with their own experience. On the other hand. the picture
may well be naive and one-dimensional. Few students, even those with teacher
parents. understand the stress and strain or the joys of teaching in today's
schools. Part of learning to teach involves the student teacher examining his
or her own views of teachers and of teaching.

Humans are good at copying: it often feels more comfortable to copy
than it does to think things through for yourself especially it you are a begin-
ner. Good student teachers are able to go beyond copying and to discover
their own potentials and to put into practice their own philosophies. This
requires not only ability and motivation but also freedom and support. What
is critical for student teachers (and for practising teachers) is the skitt of reflecting
on what they see and do.

On Reflection

A theme that runs both maplicitly and explicitly throughout this book is that
of teachers as refective practitioners. That is to say. the model of techer
development that we espouse stands or falls on the ability of student teachers
to evolve as teachers in the light of their understanding of what they have
experienced. Figure 1.1 below shows a simplified learning cycle for the train-
ing process. The process is represented as being sequential and without end.
Experience is followed by reflection which is focused, through discussion,
onto future plans.




Science Teacher Mentoring

Expenence

el

e

/

e

Reflect

~.

~.

~ Discuss Ve

Figure 11 As.mplfied iearning cycle

The assumption that we make is that people are able hange what they do
as practitioners and that they are able to develop the skill to evaluate their own
performance, with the help of other information and other people. Another
assumption that we make is that people are willing to change what they do
in the light of evidence that suggests that change may be desirable. This is
more problematic and is one of the stumbling blocks on the road to maxi-
mum development of potential. 1t is in this area that the job of the mentor
finds ity biggest challenges.

Competence-based “Training

One approach to teacher development emphasizes the idea of protessional
competence. In defining what should constitute the curriculum of a teacher
training course, the Department for Education states that:

Higher education institutions, schools and students should tocus on
the competences of teaching throughout the whole period of initial
training. The progressive development of these competences should
be monitored regularly during initial training, Their attainment at o
level appropriate to newly qualified teachers should be the objective
of every student taking a course of initial training.

The competences (issued as an Appendix to DL Circular 9792) which should
be progressively developed and which are expected of newly qualified teachers
are grouped under the following headings:

*  Subject Knowledge

* Subject Application

e Class Managenent

*  Assessment and Recording of Pupils” Progress
e turther Professional Development

The competences themselves are given in Appendix 1 (pp 208 211) and arc
referred to later in this chapter.
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Teachers experienced with competence-based training will be aware that
there are problems with the implied model of assessment. How, for example,
is the ability to ‘maintain pupils’ interest and motivation” assessed adequately.
accurately and fairly. Can any teacher say confidently that they have this com-
petence, whatever the school, whatever the class, whatever the topic. whatever
the time of year or even the weather?

The competences should be regarded as targets for the development of
teaching skills within a broader and richer picture of becoming a professional
teacher. As teachers, pupils and parents know, a teacher's attitudes may well
be at least as important as a teacher’s level of skill. At a simplistic level, the
mentor can use competences as a guide for helping student teachers to develop
their knowledge. skills and attitudes for the benefit of the pupils they teach.

Teacher Kuowledge and Skills

Developing as a science teacher invariably involves making many changes in
terms of personal knowledge. Lee Shulman (1987) attempted to classify teacher
knowledge into seven arcas:

o Specialist subject teaching knowledge (how to teach the subject)

o Knowledge of classroom management and organization

"o Knowledge of the curriculum (including the national curricutum,
examination syllabuses and departmental schemes of work)

«  Content knowledge (i.c. knowledge about their subject)

o Knowledge of pupils and of how they may learn

«  Knowledge of the context of education (including cultural and socictal
issues, gender issues, school management, cte.)

+  Knowledge of education’s ends, purposes and values, and of its philo--
sophical and historical grounds.

In general, you should expect o focus on the first three areas throughout
miost of the student teachers’ teaching practice and underpin their progress
through developing their Anowledge of the last three. That Teaves "Content
hnowledge's generally one hopes that student teachers” knowledge of science,
in particular, of their own specialist subject would be adequate for the pur-
poses of teaching up to and including A-level. In the real world things are
different. Many teachers realize that only through teaching do you develop a
clear understanding of a4 subject (as opposed to a knowledge of “the facts’).
Under pressurce in the classroom. student teachers may be driven to invent
«aence. that is unknown outside of the walls of their laboratory. in order to
maintain continuity and fow in classroom action. Unfortumately this wrong
mtormation will disappear into pupils’ hooks to be recalled later. Careful pre-
paration by the student teacher can reduce this risk. Regular checking of the
student teacher's plans is critically important for mentors.,

4
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Christine Cunningham and William Carlsen of Cornell University have
recently amended Shulman’s list to include "Knowledge of the sociology of
science’, which reflects the moves during the 1980s and 1990s to include the
nature of science in the curricutum. This is touched on later in this chapter and
is the focus of Chapters 7 and 8.

Section 2 The Role of the Mentor

Implicit in the use of the word "‘mentor” is a view of the relationship between
the teacher concerned and the student teacher. Do you see yourselfas a trainer,
a tutor or an educator? Whichever model you have. it may not be the same
as the model in the head of the student teacher who may see you ecither as
the fount of knowledge to be drunk dry as soon as possible or a model of
perfection to be copied in cvery detail.

The roles of a mentor are many and varied and at any one time you may
be any of the following:

e Adviser (c.g. suggesting how to handle “difficult” pupils)

* Assessor (¢.g. deciding whether the student teacher has passed or failed)

*  Counscllor (e.g. helping to alleviate the stress and strain)

*  Guide (c.g. emphasizing the consequences of particular strategies)

* Intermediary (¢.g. sorting out mistakes that have been made)

*  Observer (¢.g. of lessons)

*  Motivator {¢.g. when the student teacher is wondering whether to
continue)

* Role model (e.g. as a teacher and as a *professional’).

Even more importantly it is to be hoped that you become a trusted and

respected friend. For many student teachers. teaching practice is one of the :
most challenging experiences that they will ever face. Standing in front of

thirty or more adolescents who you think may be bored, teaching something

that you don’t know thoroughly. taxes even the most experienced teacher.

Student teachers are more likely to listen to and act upon advice from people

they see as friends than those they feel are enemies.

What Makes a Good Mentor?

Mentoring, itselfis problematic, partly because it involves so many roles and
responstbilities and partly because of the possible conflicts of the needs of the
school. the pupils and other statt. The training that mentors receive varies
considerably trom school to school, A survey by Anne Willianis (1993) found
that the majority of mentors, in her sample. felt competent to do these jobs:

"
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» organizing a student teacher’s timetable;

» helping a student teacher with resources:

* helping student teachers to meet other statt:
e discussing lesson preparation;

+ helping with teaching strategies;

» helping with classroom management:

» discussing preparation before a lesson:

e observing a lesson;

* discussing a lesson after observing it.

About half the mentors felt that they needed training in the following actions:

* helping the student teacher to set targets:

e counsclling student teachers:

» providing written feedback on an observed lesson;
» assessing student teachers” whole performance;

¢ helping with university assignments.

This may indicate that the teachers see the tutoring and counselling role as
being more problematic or it may be that they are simply reflecting that they
have had less training and expericnce of those arcas ot being a mentor. The
rest of this chapter focuses on the first four of the arcas w hcrc teachers have
expressed the desire tor more training.

One of the biggest dilemmas of being a mentor is working with a student
teacher who is clearly having problems. lailing someone who you have been
responsible for and have got to know and like is difficult, unsatisfactory and
often stresstul, It is less unsatisfactory it you have:

e agreed clear and reasonable objectives:

* monitored progress and given accurate feedback:

muade the process of learning to teach stepwise, gradual and stimulating;
e provided useful advice and adequate support.

It is less stressful if the student teacher realizes that he or she has got problems
and appreciates that you are doing all that you can to help. Somcebody some-
where was responsible for passing the small but significant nember of teachers
who are unfair to pupils. who do not plan adequatety, who do not know their
subject and who do not care.

Student teachers report that good mentors offer useful advice, provide
consistent and useful written and spoken comments, devote adequate time,
liaise effectively with college tutors, guide without prescription and allow the
opportunity to experiment within reason,

Being a mentor involves balancing the needs of the student. the school,
the pupils and yourself. Sometimes these needs pull you in different directions
and there is never enough time to do everything well. Your student teacher
may not, initially at least, be aware of, or be sensitive to the needs of the
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school, the pupils or you. Basically, a good mentor is someone who creates
a situation in which a student teacher’s potential is developed to the maximum
and who is able to relate the end performance to the standards required of a
newly-qualified teacher (NQT).

Many experienced mentors will have their own strategies and styles.
However. the job of mentoring is changing and becoming more formalized
and may even be contractually based. Teachers will need to look critically at
their own practice if they are to ensure that they have adapted to the new
challenges. The rest of this chapter focuses primarily on possible strategies
that mentors can adopt. Teachers new to mentoring may need to consider the
strategies more thoroughly than more experienced teachers.

Action 1 Team-teaching

For many student teachers, the time when their confidence grows and when
they feel "proper’ tewchers is when they are alone in the room. However, it is
better for them to be itching to get started than to start them too soon —
generally. Part of the problem is that the transition from observing to teach-
ing often occurs before the student teacher is really mentally prepared. Indeed
the notion of going solo may lead to a false dichotomy in the student teacher’s
mind — doing it with help and doing it alone. It is better to think of a
continual spectrum. with observing at one end and teaching complete tessons
unaided at the other.

Team teaching is not something that is part of a teacher’s everyday ex-
perience — there just aren’t enough teachers to practice it. However, the advan-
tages that it offers in terms of managing a class. being able to spread the load
and keep up the pace of a lesson are tremendous. With practice and a good
blend of personalities and styles it can be almost instinctive and scamless but it
does require planning and patience.

It is usually better to start the student teacher working with younger
pupils in well-behaved classes and, if you have them, with post-16 groups.
Introduce the student teacher by name and explain that he or she is another
teacher (introducing someone as “a student” may not be particularly helpful
nor as accurate as “a teacher’). It may be better if the student teacher is standing
next to you when he or she is introduced and not sitting at the back. Pupils
will pick up clues from the way that you interact with the student teacher: if
you treat the student teacher as vour equal, you will be setting the example
for the class.

Allacate groups of pupils or specific tasks to the student teacher. Tasks
include: going round during a lesson checking that people are working safely:
cheeking to see tf pupils have done the homew ork set last tesson; asking cach
group if they can explain the aim of the experiment they are working on, The
purpose of these activities is to get the student teacher o practice talking with
pupils, moving around the class (while watching everybody else) and thinking,
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on his or her feet. Pupils will benefit by having someone else to help them and
you will also benefit by having another person to share the load. Engaging
the student teacher in the management of groups is also tu be encouraged:
"Can you go round and check that all the class is wearing their safety glasses
please Mr. Jones?', shares your authority and shows the class that the student
teacher has authority tco. At the end of the activity you should talk to each
other and to the class: “I thought Chris’s results were particularly excellent,
didn't you Ms. Brown?" By bringing the student teacher -into immediate.
non-threatening contact in a way that he or she can be positive about the class
is a more natural process.

As time goes by, the student teacher should begin to teach parts of
fessons. Splitting the lesson into chunks allows you and the student teacher
to take it in turns as well as serving to make the structure of the lesson more
explicit. The student teacher can start lessons, do demonstrations, introduce
a video or collect ideas from groups while you write them on the board.

Action 2 Observing

Having somcone watching you can be stressful, it can aftect the pupils and it
can also be uncomfortable to the observer. So why do we do it? Judging from
student teachers” comments, it is not something that many mentors do regularly
nor do in a systematized way. Student teachers often report that the feedback
that they reccive is perfunctory, often spoken not written and sometimes in-
consistent. This section looks at the process of observation and presents some
suggestions to improve the quality and the effectiveness of observation.

The word "observation’ itselt indicates that the act of watching is. or
has been, regarded as the critical process. Observation of a student teacher’s
lesson is not in itself formative. The formative nature of the process depends
not only on the data collected but also on the accuracy of the interpretation
and on the follow-up action taken. At a simple level there are three steps that
need to be considered:

Step 1 Before a lesson — discussing plans
Step 2 During the lesson — observing and recording data
Step 3 After the lesson — discussing the data.

Mot of the comments below apply particularly to the first few occasions you
are watching the student teacher taking his or her first complete lessons. They
can, however, be adapted to any lesson. Because the debriefing is so import-
ant, it s treated separately.

Before the lesson

There is & difference between discussing lesson planning and discussing what
it is that you are looking tor prior to observing teaching. In the foriner, you

8§




PAruntext providesa by eric [ .

Science Teacher Mentoring

arc helping by suggesting methods and resources: in the latter you are finding
out what is going to happen and where it will take place. The student teacher
should know what you are looking for and how you are going to record your
data. He or she should be able to suggest aspects of the teaching that he or she
wants you to focus on,

Decide where you are going to sit so that you can sec without being too
obtrusive. Tempting as it is to sit in an adjoining room you will not be able
to see as much as if you are in the classroom or laboratory. Decide which
method of recording data you are going to usc. You should have a copy of
the lesson plan and cither an observation schedule or a blank piece of paper
(or both).

Agree a system of communication between yourselves: suggest that
the student teacher comes 2and sits next to you during the lesson or that you
go and sce them when you need to say something. Comments can be more
influential when made during a lesson than after it. The skill is in making
appropriatc comments in a positive manner: ‘Keep an eye on John, he’s not
written much’; 'l liked the explanation of the experiment — don't forget to
tell them when they've got five minutes left’; or "They seem to be getting on
fine, though 1 think Sarah’s group nced some help with the graph'.

During the lesson

With practice. the student teacher will become used to your presence. However,
at the beginning she may cither avoid eye-contact with you (and probably
ignore pupils in the arca of the room where you are sitting) or they will be
watching you for clues and interpreting what you do. ‘T'ry not to give signals
that the student teacher could interpret as personal criticism unless you have
to. It is better that vou say and do nothing when mistakes are made or when
opportunitics are lost nnless it affects the safety of the class or of the student
teacher. However, nodding with approval or smiling at jokes can be supportive
and well-received.

Think what you're going to say to the student teacher during the lesson
— can you give them some positive © edback together with a helpful sugges-
tion or question. Make sure that when yvou talk to the student teacher that you
can both see all the pupils, don’t face cach other as it limits your view,

Towards the end of the fesson, think about what you are going to say,
You should jot down a few key comments based on the points that you were
looking at and maybe one or two other points that you want to comment on.
You need to be able to find evidence in your notes to support the points that
you dare going to muake.

Acavon 3 Debriching

Post-lesson debricfing is the time when your skills as counsellor, guide. moti-
vator and adviser will be most severely tested. Bringing an over-confident

9
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student teacher back to carth needs as much tact as raising the spirits of a
depressed over-critical student.
Your priorities are:

* 1o elicit the student teacher’s observations and feelings carefulty:

* to help the student teacher to analyse what happened and why it
happened:

* to give accurate and relevant observations of what you observed:

* to assist the. student teacher to think about how he or she could im-
prove on what has just been taught;

* to guide the student teacher to suggest strategices for improving the
performance next time he or she teaches:

* to set the student teacher’s performance in context with his or her
overall development,

Debriefing is best done in private in the same roony as the lesson took place.
It that is possible, sit somewhere that allows the technicians to clear away
without feeling that they are in the way. If it is not possible then you must
agree a time and a place to meet, though vou should make some immediate
cemment so that the student teacher is not left wondering what you thought.

In debricting it is important that you can maintain eye-contact with the
student teacher without being face-to-face. Sitting at nincty degrees to cach
other is a good strategy. Having a table to put vour notes on so that you both
can see them s important too.

Generally it is better to ask questions with the aim of encouraging the
student teacher to reflect on his or her performance than it is to start by tell-
ing the student teacher what you observed. Questions to ask will include the
following:

e What did vou think was good about that lesson?

e How could you improve upon what you did?

s What would you do differently? Why?

e What would you do the same? Why?

e What were your muain objectives?

*  How successful were vou in achieving those objectives? How do you
know?

e What assumptions did you make? Were they justified?

* Why did you do X7 Did 1t work?

During this phase you are trying to find out how accurate the student teacher
is in gauging the effectiveness of his or her lessa ns and also setting an agenda
for self-evaluation, later. These are the questions that you want the student
teacher to be asking him or herselt atter cach lesson,

Start your feedback by making positive remarks about his/her efforts or
attainment (or both it appropriate). Go through the three or four main points

10
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that you want to make and give your opinion and your cvidence. Does the
student teacher agree with your comments? For each point, you must make
a positive suggestion for improvement. Offer whatever help is necessary in
terms of time or resources.

Debriefing is successful when the student teacher receives an accurate
cvaluation in such a way that she is motivated to keep on doing what she does
well and change where necessary. She must see what should be changed, how
she could go about implementing the change and what to expect when she is
successtul. For example, she may realize that she did not communicate the
method for an experiment successfully. You may suggest (or better still, she
may suggest) asking pupils to explain what they have to do before starting the
experiment. She would expect that the pupils would give an accurate descrip-
tion of what to do. where to get the apparatus and of what the aim of the
experiment was,

This is a critical time to focus on changing the student teacher’s perform-
ance. You may wish to write down what the student teacher agrees to do
differently next time and to remind them of this before the next lesson. The
other teachers in the department need to know this information too. You may
need to photocopy your notes for those of your collecagues whose lesson the
student teacher is teaching so as to minimize the chance that the student
teacher is given conflicting advice.

Section 3 Specific Issues Related to Science Teaching

Science teachers have a broad range of responsibilities in any school. They use
potentially dangerous chemicals and apparatus. vork with pupils in rivers and
ponds. and serve as a source of information on topics ranging from AIDS to
acid rain. This section focuses on some of these facets of science teaching and
suggests ways in which student teachers can learn about them.

Safety

One of the major areas of concern to science teachers is safety. School labora-
tories are safer than school lavatories because science teachers and technicians
have adopted a culture of safe working that sometimes £0Cs TO CNITCINCS.
However, safety is the one aspect of science teaching that a student teacher
cannot afford to get wrong at the beginning. One of the major responsibilitics
of the mentor is to check that the student:

* knows the risks of what they are planning to do;
* Knows how to deal with spills, burns and cuts:
* knows where to turn oft the gas and clectricity;
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e knows where the fire extinguishers, fire blankets and first-aid Kits
are located:

e knows what to say to make sure that pupils are aware of safety
procedurcs.

Safety glasses are a major concern of student teachers. During observation
they may sec that pupils do not wear satety glasses and that teachers are not
rigorous in enforcing the departmental safety policy. This is something that
should be discussed with the student teacher. The safety practices that are
adopted at the start of a carcer may be the ones that are continued, It is your
responsibility to make sure that the student teacher acts safely and to make
surc that the pupils work safely too.

Sex Lducation

Possibly because teaching practice often coincides with frogs spawning and
bulbs bursting into bloom. student teachers often find themselves teaching
‘reproduction’. Some schools adopt a policy of not giving students any classes
wex education involving. If you decide that the student teacher should teach
clements of sex education they must be briefed on the fegal impheations and
school policy. This is essential. As well as accurate information, student teachers
need to have strategies to deal with “awkward questions” in advance of lessons.

Ficldwork

Science contributes significantly to environmental education in ditferent ways.
As well as teaching about the environment and environmental issues, saence
teachers often use the environment as a stimulus for teaching and as a resource
through ficldwork in and out of school. Although teaching, practice placements
may not coincide with any ficldwork students should be made aware ot the
opportunities and the responsibilities that are mvolved.

Health Education

Another responsibility of science teachers that is not necessarity shared with
other subject teachers is that of health education. Science teachers may well
have 4 more thorough knowledge of health-related issuces than other staft and
the science department may take a major role in the schiool’s overall health
education pohiey and practice, Student teachers need to be made aware of the
whool policy (ifany exists). They should spend some tme durmg their school
expericence studying the role that science teachers play m the overall dehivery
of health education throughout the school, '
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Section 4 Mature Students

Although all students are mature, some are more mature than others. The
variation can _be extraordinary. Some students. particularly on part-time
cSurses, may have combinations of families. mortgages. part-time jobs, child-
care needs, and so on. They may have very high qualifications, experience in
industry (possibly at a senior ievel). experience as a school governor or be
working as an instructor in another school (Circular 9/92 requires student
teachers to train in two schools). Many of these attributes cnable them to
make positive contributions during their training. Often, they look more like
‘proper teachers” in pupils” eyes than the average student teacher or, even, the
average newly-qualified teacher. They may have well-established views about
schools and teaching, gained through being parents. They may have had years
of experience of dealing with obstinate and rude children — their own! Some
of these views may be difficult to change and may make your job more
difficule. They may be undertaking a major change in their lives, sometimes
not entirely of their own choosing. Working with such experienced student
teachers offers its own challenges but it can also offer remarkable rewards.
The important thing is to draw a sharp distinction between their experiences
s parents, screntists, or whatever, and their experience in teaching,.
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Chapter 2

Observing Science Teachers at Work

Aim

Observing teachers in action is important not only at the start of training but
also as the student teacher progresses and develops skills, It is essential that
observation sessions are stiuctured, focusing on a specific aspeet. so that the
student teacher can tease out the clements that make up a lesson and modity
and adapt what has been witnessed to suit a personal teaching style. Even
when the student teacher has advanced to teaching whole lessons, it is still
important to continue observing lessons. Early observations will provide
student teachers with repertoires from which they can choose when linking
activities together in their own fesson plans. Later observations will allow
student teachers to refine their developing skills by focusing on details that
were previously unnoticed. The aims of this chapter are therefore to help
student teachers to:

structure their observations in a systematic manner:

focus their attention on specitic aspects of classroom action:

reflect on how their own teaching may be changed:

observe how the choice of activities for pupils realizes curricular aims.

Introduction

Observation is an important process in science. Philosophers of scienee will
quickly point out that no observation is theory free. Science teachers know
this from their work with pupils. What is true of pupils lnuking: down a
microscope, at a test-tube or at an clectric circuit s cqually true for student
teachers watching, scicnce classes. What you pereeive depends upon your con-
cepts. Young children, given the role of parent or teacher ina play, act as a
rather bossy person: their espericnce is of people telling them what to do.
‘This also tends to be their perception of ¢ teacher’s job. Recent university
graduates, on the other hand, tend to see teaching as transttting intorma-
ton. This reflects their recent expericnees of fearning. Neither young children
nor graduates conceive of teaching as the management of learning experi-
ences. To see teacling as management you need help in focusing in on the
way teachers act as managers,
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Activity 2.1a focuses the student teacher’s attention on systematic obser-
vation, a key feature of science itself. Observations of teachers can be repeated
with different teachers in different subject areas and comparisons made of
different teaching styles. A straightforward observation schedule is used with
recordings made cvery three minutes. Profiles of teachers can be built up in
terms of their own personal styles. Profiles across subjects might also be
compared if time aliows. Activity 2.1b then considers triads of teachers who
are compared so that similarities and differences can be used to highlight the
actions teachers take in managing their classes.

Activity 2.2 is intended for use when student teachers have started on
team-teaching parts of lessons under the supervision of yourself, as mentor,
and your collcagues. Student teachers will be managing small picces of action,
so they need to carefully observe how other teachers act. They neced consci-
ously to reflect upon how they themselves are acting. This is a eritical period
for student teachers and you will find yourself spending a good deal of time
discussing their preparation and their performance. Reference to Chapter |
on how to work with student teachers is vital to your success as a mentor.
Your own skills can be improved if you reflexively consider how you are
Liclping the student teacher: a learning period for !l concerned.

A third form of observation is introduced in activity 2.3. This coincides
with student teachers taking responsibility for complete lessons. Student
teachers need to cope with lessons from start to finish and so a more open-
ended approach to recording their obsersations follows. The key element is
on noting times for activitics. It is intended that this should help focus student
teachers™ attention on the need to plan pupil activity and this should build on
the work on writing objectives in section 3.2 and lesson planning in section
4.1, You may need to make these links for the student teacher and refer to
this previous work,

Teachers interact with individual pupils across the room when they clien
pupils”ideas, give instructions and generally manage the activities of the pupils.
In activity 2.3b attention is turned to which individuals the teacher interacis
with. The intention is to log, and then analyse those interactions for patterns.,
This is relevant to activity 6.2b on “sharing ideas” and could be used as follow-
up observation.

In activity 2.4b attention is turned to the pupils. It is well worth spending
time observing how pupils who have achieved different classroom reputations
spend their time. Experienced teachers think they know tacitly how different
pupils behave, But rarely do they have the luxury of engaging in systematic
observation. Student teachers have an opportunity here that will be denied
them in the future when under the pressure of o full workload. What are the
differences between the classroom lives of higher and lower achicvers? As
professionals. teachers have a responsibility for adjusting, the tashs and demands
they make on pupils so that the pupils' learning is maximized. From their
observations student teachers are invited to consider how this might be done,

When student teachers are preparing to review and revise schemes of

13
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work they need to return to the classroom to observe with a new perspective.
In activity 2.5 the observations take on a more holistic viewpoint. The focus
is upen how aims are realized in lessons. Student teachers are invited to take
a critical stance as they themselves are invited to prepare alternative activities
for their schemes of work. In keeping with the more holistic viewpoint the
recording is in terms of the prose of a written report.

2.1a Observation Schedule
Mentor's Bricf

Ohjectives Student teachers should be able to make systematic observa-
tions of teachers at work,
Student teachers should be able to conduct a conversation about
lessons focusing on the nature and variation in teachers™ actions.

Limiing 6 or 7 lessons for the student teacher
2\
20 minutes twice a week tor discussion with the mentor

Background

There are many dittferent observation schedules available of varying levels of
sophistication. One of the casiest to use is that which requires the observer
to note down, for pre-determined intervals, what is happening at that exact
moment. (See Figure 2.1.) Such schedules are essentially sampling instru-
ments, the time interval between sample observations corresponding to the
size of mesh in a net. All schedules compromise between detail and workability,
A three minute time interval captures detail at about the right level for a
student teacher and is within the skills of 4 novice observer.

Inctructions

Consult the departmental timetable to select a range ot ditterent classes
with different colleagues tor the student teacher to observe.

Provide vour student teacher with a timetable for observations.
Provide your student teacher with multiple copies of the observation
schedule overleat,

Talk through the observation schedule, and its use, with the student
teacher. Fhe columns of boxes are for what is happening at the stroke
of a three minute interval, One only ticks for actions taking place at
that very moment. The observer makes 4 mark in the appropriate
box. Generally there will be both pupil and teacher action marks.
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Learning 1o Teach Science

Coming in and going out will involve the “other’ category for pupils,
as may other pupil actions. '

» A tally is made at the extreme right-hand box to give a lesson/teacher
profile.

*  Discuss the student teacher’s observations.

Discussion points

The tally in the right-hand column will provide a profile that is appropriate
to that size of time interval. Classrooms can be busy places and student teachers
need to judge the overall pupil activity. The combination of observation of
both teacher and pupil actions allows for the recording of the actions of skilled
teachers who have good classroom control and who discuss or organize only
when the pupils are listening. Similarly, teachers who trouble-shoot by cir-
culating amongst pupil groups when they are experimenting can be picked
out from the recorded observations. Student teachers should be encouraged to
discuss any other patterns they notice in what they judge to be successful and
less successful lessons. It is instructive to compare lesson profiles for the same
teacher as well as profiles between teachers.

2.1b Comparing Actions using Triads
Mentor’s Brief

Objective »  Student teachers should be able to state a set of behaviours for
effective classroom action which they can use to guide their
own actions.

Time * 1 hour for the student teacher working alone
* Y, hour for discussion with the mentor

Background

This technioue, of presenting three examples and asking for the respondent
to explain bow two are similar and yet different to the third, is derived from
a standard social psychology procedure. George Kelly (1953) is credited with
being its originator.

Instiuctions

*  Dircct the student teacher to the activity.
o Discuss the list of actions with the student teacher.
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Objective

ime

2.2 Observation with Higher Resolution

Mentor’s Brief

2.1b Comparing Actions using Triads

Student Teacher's Brief

Objective

You should be able to articulate a set of teachers” behaviour which you
can usc to guide your own classroom actions.

Instructions

You should attempt this only after a week or two of observation. The
activity is best carried out in a room in which you are will be undisturbed.

Write out on separate cards the names of cach of the teachers that
you have observed.

Order the cards across the table.

Select the first three in the line. Move them to a position in front
you.

Decide on a pair that share a common behaviour in the class-
room that is not shared by the third teacher.

Write down the action and its opposite.

Systematically work through all the cards presenting triads to
yourself.

Record the nominated action and its opposite in cach case.

Constructs like, *Keeps control” versus "Doesn’t keep control” are far too
global to be useful in helping you change your repertoire of managerial
actions. However constructs like "Has everything to hand” versus "Docesn't
know where things are” are more useful. If you are aware of these dif-
ferences you are on the way to acting appropriately yourself. The more
concrete the constructs and their opposites the more achievable they are
in terms of your actions.

e Student teachers should be able to use their observations of
other teachers at work to improve their own contributions to

team teaching parts of lessons,

6 or 7 lessons for the student teacher
7. hour at the end of school, twice 4 week, for the mentor

Observing Science Teachers at Work
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Background

This activity should be carried out in conjunction with activity 4.2. It is
important that student teachers continue with their observations when they
start to team-teach alongside yourself and your colleagues. Some of this
observation can be within the same lesson they are team-teaching. If this is
the case, the student teachers need time to write up their notes after their
observation.

Instructions

o Discuss a schedule of continuing observation with the student teacher.

o When the student teacher is running their part of the lesson, either you
or your colleagues should keep notes on the student teacher’s actions.
This should be done as part of activity 4.2,
These notes will be useful for providing the student teacher with feed-
back. As with the student teacher. the focus of your attention should
be on his or her observable behaviour. They can change their actions
if their behaviour is brought to their attention. Student teachers often
prefer written feedback as they can consider the comments at their
leisure. '

«  Meet with the student teacher to discuss the written reports on cach
of the specific activities that have been focused on.

Discussion points

Adopting the right level of detail in observing extended action requires care-
ful consideration. Student teachers may focus in on very small details that. by
and large. miss the structure and pattern of the whole action. You will need
to guide theit observations where you feel they are missing the point or nit-
picking at details. It might be useful to use 1 Chinese-box metaphor within
which the activity contains actions. which contain smaller acts. The student
teacher’s briefing directs them to write out a chronological sequence of teacher-
acts from the observations. You will need to inspect this record to check the
level of detail they are focusing on,

' 2.2 Observation with Higher Resolution
Student Veacher's Brief

Fhe intention here is that you should increase the level of detail you
focts on in yvour observations. What are the specific teacher actions that
produce successful demonstrations. explanations, cliciting of pupils” ideas,
working from texts books, comprehension activities, practical work,
imvestigations, and sa on?

20



Q

E

PAFullToxt Provided by ERIC

RIC

This phase of observation should coincide with you starting to team-
tcach alongside your mentor and colleagues. It will therefore be ap-
propriate to use your observations of others to help vou to think more
critically about your own actions. Therc is a lcarning cycle that you
should be consciously aware of,

/v/ observing \\

thinking analysing

teaching planning

-

Fiqure 2 2° A tearung cycle
Objective
You should be able to use your observations of other teachers at work

to improve your own contributions to team-teaching parts of lessons.

Instructions

What will be the principal activity for the lesson you are to

observe? ‘

Plan your observations in conjunction with activity 4.2,

Go into the lesson and take part, as a helper/auxiliary teacher

until the teacher starts on the activity that is the focus of your

attention, ’

Note down the actions the teacher takes as he or she goes through

the activity in a chronological sequence.

When the activity is finished, take a fresh sheet of paper and

write out an orderly sequence for the teacher’s actions. Add a

commentary.

Don't take any further part in the lesson until you have finished
this work.

You may wish to share your observations with the teacher after

the lesson, it there is time. Do remember that science teachers

are very busy and need to have all their wits about them as they

go from class to class. 1t may be better to defer conversation

until the end of the school day. Even then. ask it this will be

pn\\!l)l(‘.

When you have butlt up a collection ot obsersations on a similar

activity write a report for discussion with your mentor.

You may have a number of reports to write up, For instance on:

lj\)

Observing Science Teachers at Work
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pencil and paper tasks
demonstrations with question and answer routines
class practicals _
explanations at the board with question and answer rou-
tines. :
¢ Discuss your report for each pupil activity with your mentor.

2.3a  Complete Lessons
Menteor's Brief

Objective o Student teachers should be able to improve their fesson plan-
ning as they take into account the constraints of time.

Time ¢ 6 or 7 lessons for the student teacher
« Y/ hour at the end of school, twice a week, for the mentor

Background

Observation should now focus on the way in which complete tessons are
structured. ‘Time is a very important constraint on lessons and needs careful
attention in lesson planning. Student teachers should have been introduced to
lesson plans with activity 4.1, The observation technigque to be used in this
activity is one that parallels the lesson plan used for illustration in activity +.1.

Instructions

¢ Youshould arrange to formally meet with the student teacher at least
twice 4 week.,

* You may wish to look at a student teacher’s lesson plans at the same
time that you discuss his or her observation records.

2.3a Complete Lessons

Student Teacher's Brief
Fhis third observation activity is to be used in conjunction with your
work on lesson plannimg and teaching complete lessons moactivity 4.3,

Once again you should keep in mind the cyele of observing, analysing,
planning. teachmyg, thinking,



Observing Science Teachers at Work

Objective

You should be able to improve your planning as you take into account
the constraints of time.

Instructions

» Refer to the lesson plan in activity 4.1,
You will be using a similar format for your observations.
e You will need a watch or small clock to keep track of the time.
.  In recording your observations of lessons watch for changes of
‘ activity or action on the part of the teacher.
o On the left-hand side of your record write down the time at
which things happen.
: »  Record the actions alongside the times.
«  Compare your lesson plans with the observations you record.
» ook for patterns in your observations.
*  Discuss vour observations and lesson plans with your mentor.

U

2.3b Interactions with Pupils
Mentor's Brief

Objective ¢ Student teachers should improve the distribution of their inter-
actions with pupils as they become more aware of the interac-
tion patterns of themselves and others.

.

Tinie o 6 or 7 lessons for the student teacher
» /. hour at the end of school, twice a week, for the mentor

Instructions

This observation activity continues the work started in activity 6.2b and
can be used to sharpen up the points made there through the collection of
observation data.

o Brictly discuss the task with the student teacher.

Use ~ome of your observation tite to carry out a reciprocal exercise

on the student teacher’s Jessons.

o Discuss the student teacher’s observations of other teachers and your
observations of the student teacher’s current practice,

Wy
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A variation on this activity is to record the time lengths of different inter-
actions rather than the interactions as just single units irrespective of time.

Discussion points

The standard differences that will have already occurred to you are of boys
and girls, different ethnic groupings, children with learning difficulties and
perceived differences in social class. Seating position in the room can be over-
looked easily as it is so much part of the given of the room. Less overt
differences arc in terms of pupil’s needs for attention and their shyness.

The need for teachers (and the department, corporately), to have well
planned lessons and schemes of work can be emphasized here. When pupil
activities are well defined. and within the skills of the pupils concerned. then
teachers are freer to behave pro-actively.

2.3b Interactions with Pupils

Student Teacher's Bricf

In this activity you are to observe how science teachers distribute their
intcractions across the cohort of pupils they are working with. The
allocation of time to individual pupils can become pupil driven as you
respond to pupil requests. As a professional you should try to have
niore control over your actions. This means being more pro-active
than re-active. In classroom termis. you have to consciously distribute
your time across all pupils as equitably as your professional competence
allows.

Having collected data on other teachers you might usefully get
feedback on your behaviour from your mentor and colleagues. You
should usc the information in the data to change your own pattern of
interactions.

()1’_1'('(11'1’('

i Student teachers should improve the distribution of their interactions
with pupils as they become more aware of the interaction patterns of
themselves and others.,

Instrictions

* SKetch vuta plan of the seating arrangements in the science class
or laboratory in which you are observing. For example:

Q
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Figure 2?3 A shetch map of pupils’ seating arrangements

Observing Science Teachers

Mark on your plan identifications for pupils at different scating
locations,
If you know their names you could use initials. Boy/girl
identifications will provide interesting data if used without names.
You may usc other forms of identification.
Put a tally mark by the pupil the teacher interacts with cach and
every time there is an interaction,
ook for patterns in the data you collect.
Reflect on your own interactional patterns.
Discuss this with your mentor,

2.4 Observing Pupils Learning

Mentor's Biief

at ok

Objective ¢ Student teachers shouald be able to recognize possible ways in
which different pupi ~ have ditterent educational experiences

Fime

whilst m the sume class,

e 2 or 3 lessons for student teacher’s observations
o/ hour discussion with mentor

] \j
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Background

Student teachers. and expericnced teachers too. have a ‘responsibility escape
clause’ of pointing to pupil differences for contributing to differences in pupil
learning. Student teachers can find it difficult to recognize that what pupils
do in classrooms is. in part. due to what teachers do in classrooms. That is.
the pupils are not compictely and solely to blame. It is a cause for concern 1f
a student teacher, who is in difficulties. denies any responsibility at all, It is
a cause for alarm if the student teacher does not even realize there is anything
wrong,

The intention of this activity is to provide student teachers with a struc-
tured opportunity to reflect on how their own practice could be improved
to help more pupils learn more effectively and more cfficiently. It is a matter
of “improved” and 1 ot 'made perfect’. For like the end of the rainbow . there
is no such thing as perfect classroom practice. So student teachers should
be helped to improve. They should be made to feel guilty if they can't be
bothered.

Instructions

* Alert your colleagues to the observation activity.
*  Brief the student teacher.
*  Mecct with the student teacher to discuss their findings and advice.

Discussion poins

[t is probably more effective if the student teacher can provide concrete ex-
amples of actions that are specific to the lessons observed. General advice s
likely to be less useful than specific. If student teachers are to improve therr
own practice they must have clear ideas of which goals they are aiming to
achieve in terms of their own actions. In the short term. small bits ot behavi-
our are more achievable than leng-term global ones. The reward of success
with a small change can promote further change.

2.4 Observing Pupils Learning
Student Teacher's Brief

Pupils may be in the same class but this does not mean they have the
samie educational experiences or opportunities. It is not possible to et
inside pupil’ heads to find out what they are thinking. It is posable to
record the actions they are engaged in. This observation task s about
watching two ditferent pupils. at the same time. The purpose of this 15
to reconsider how the planning. organization and management of

26
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learning activities is crucial to providing better learning opportunitic:.
This work can be used as a prelude to activity 9.5 on progression,
ditferentiation, cognitive acceleration and pupil-differences.

- Objective

You should be able to recognize possible ways in which different pupils
have difterent educational experiences whilst in the same class.

- Instructions

—. * Discuss suitable classes for observation with your mentor and

: colleagues.

*  When vou have selected classes. identify two pupils whose class-
room performance is quite different.

*  Sitin the class where you can see both pupils easily.

* You will need two separate recording sheets and a watch or

] small clock.

»  Usc the time-activity recording method from activity 4.1,

: * At the end of the lesson, compare the time spent by the two
pupils at difterent activities.

*  Repeat with other pairs in other classes.

Consider the tollowing questions.

o Whut differences were there in the activities of the two pupils?

* How did those ditferences arise?

*  What responsibility lies with the teacher for those differences?
Be as concrete as vou can in terms of the teacher’s actions, or
lack of them.

* How could the teacher have organized activities ditferently to
mieet the different pupils’ needs?

o Writc out a set of points giving advice to yourself on the con-
sequences of vour findings. i

o Discuss your findings and advice with vour mentor. !l

2.5 Recalising Aims

Montor's Baief

i Objecnre» 0 Student teachers should be able to comment on how the wider
‘ atms ot programmes of study might be realized.

2
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Time o 3 hours for student teacher's review of lessons and report writing,
¢ Y, hour discussion with mentor.

Instructions

This activity should be tied in with the work in activity 4.5 and needs to
precede it.

2.5 Realising Aims
Student Teacher’s Brief i

Grand aims are placed at the start of curriculum documents that set out
| programmes of study. These are very general and could often apply to
any subject in the curriculum. The same aims have to be realized in
classroom activities. The path from aim to activity can be obscure. You
are asked to look at science lessons to see exactly which activitics might
add to the realization of which grand aims.

Objectitves

You should be able to comment on how the wider aims of programmes
of study might be realized in classroom activitics.

Instructions

This set of grand aims is taken from the 1991 National Curriculum
Council’s non-statutory guidance.

“The following attitudes and persenal qualities are important at alb
stages of science education: ' 1

curtosity

respect for evidence

willingness to tolerate uncertainty

critical reflection

perseverance

creativity and inventiveness

open-mindedness

sensitivity to the living and non-living environment
co-aperation with others,

¢ Review ascheme of work for a particular topic.
Add to this your reflections on your own teaching and observations.
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For cach of the attitudes and qualities listed in the quotation,
write down at least one activity in the scheme of work that
promoted that attitude or quality.

Write a brief report on your findings.

Use this information in your review of a scheme of work in
activity 4.5,

|
|
|
|
|
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Chapter 3

Activities for Pupils

Aims

If student teachers are to be able to choose activities for pupils. an essential
part of their training must involve an introduction to a wide range of re-
sources and strategies for the teaching of science. Choosing an activity also
means being clear about the aims and objectives of lessons. Thus the aims of
this chapter are:

to provide an opportunity for student teachers to familiarize them-
selves with the equipment and resources available in the school for
the teaching of science: '

to make student teachers aware of the importance of defining object-

ives for pupils;
to introduce a range of different activities for the teaching of science;
to consider criteria by which the selection of activities might be guided.

Introduction

Teaching is a complex activity, and as such. requires a diverse and compre-
hensive knowledge of resources and strategies, most of which are acquired
incrementally over a lifetime’s experience. These resources and strategies form
the tools the teacher uses to help pupils to learn. It is important that student
teachers become ramiliar with a basic repertoire of approaches. The time in a
student teacher’s training when they are likely to be most voracious in seeking
and using different activities is when they take responsibility for planning,
organizing and managing complete lessons for themselves. In activity 3.3,
which should be planned for about such a time, alternatives are considered.

In preparation for that time, activity 3.1 requires the student teacher to
become tamiliar with the resources in the science department. Consideration
should be given to therr effective use and the types of activities for pupils that
might be developed.

Aims provide guiding constraints on the selection of activities for pupils.
Student teachers often fail to see the importance of writing ains and objectives.,

30
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particularly when many experienced teachers do not seem to plan lessons
in this form. Four points nced to be made here. Firstly, only the process
of thoughtfully writing down objectives, for scrutiny and discussion, enables
the student teacher to develop their knowledge of the form and varicty of
objectives. Secondly, this process generates the experienced teacher’s skill of
knowing the objectives without necessarily articulating them on paper. Thirdly,
perhaps most importantly, is that the process of writing down objectives
forces the student teacher to reflect on the purpose of the lesson in terms of
learning. Failure to enter into this process often results in a lack of clarity
in explaining to pupils what they have to do and why they are being asked
to do it. Lacking an adequate explanation for both of these aspects, lessons
can drift aimlessly with no apparent purpose or rationale. Fourthly, without
objectives the student teacher will not have adequate criteria to judge the
success of the lesson. So they are an essential component of lesson planning
and must be insisted upon.

Activities 3.3 and 3.4 arc an introduction to pupil activities that can
facilitate learning. The emphasis is on activities for pupils other than the stan-
dard practical experiments that are a feature of most science courses. Aspects
of investigations are discussed in Chapter 5. When pupils are asked the day
after a practical science lesson, ‘What did you do in science yesterday?’, "Why
did you do itz and ‘What did you find out?’, only a minority can answer
these questions in a manner consistent with the teacher’s aims for the lessons.
This calls into question the value of relying solely on practical work for learn-
ing the ideas and theories of science. The development of scientific concepts
requires science teachers to provide activities for children to interact with
them, For example, the pupils might be involved in discussion, reading, ana-
lysing data or making modecls. These activities should be structured with clear
objectives for pupils. The most important feature is that they require the pupil
to be mentally active, processing and refiecting on the information. The time
spent on activities can then be time well used rather than just being busy.
Further writing activities for pupils are discussed in activity 6.3,

Finally, activity 3.5 is an opportunity to explore how learning activities
should be matched to pupils’ needs. In common with all the activities at the
end of cach chapter this student teacher activity offers opportunities for con-
solidation, reflection and wider professional development,

3.1 What Resources are Available for Pupils® Activities?

Mentoi's Bricf

Objecive » Student teachers should know the resources the department has
available and should be able to consider how they might be
used.

20
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Time * For the student teacher. about 4 to 6 hours spread over a week
* 1 hour discussion with the mentor

Instructions

* Warn technicians and teaching staff that the student teacher will be
asking questions about equipment and resources.

* Introduce this activity to the student teacher by stating that, as a pro-
fessional, a teacher necds to know what resources they have to hand
for organizing teaching and learning. Therefore it is the duty of any
tcacher new to a department to spend time finding out what resources
are available,

* Direct the student teacher to the activit,.
*  Discuss the student teacher’s answers.

e e o mi e e o s e 4 & e e e e o - fm = mmae o

3.1 What Resources are Available for Pupils’ Activities?
Student Teacher's Brief
Ohbjective

You should know the resources the department has available for the
teaching of science and be able to consider how they might be used.

Instructions

* Follow the procedure set out below so as to familiarize yourselt
with the equipment and resources in the science department.
*  Discuss your findings with your mentor.

Things to look for

Equipment

* Tour the main laboratories in which you will be teaching with
a technician,
Where are the following items stored?
Bunsens, tripods, heat-proof’ mars, thermometers, glassware,
Newtonmeters, micranpCS. matches, gluc. scissors and Sello-
tape. chemicals. power supplies, textbooks, subject specialist
cquipment.
*  Where are the circuit breakers for the mains electricity, the mas-
ter gas tap. fire extinguishers, fire blankets, first-aid kits, safety
glasses, Hazeards?
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s the equipment normally kept in locked cupboards? '
Can you have a key to get access to it if there is no technician
available?

»  For your own specialist subject. look through the cupboards of
specialist apparatus.
Is it all familiar to you?
If not, how would you find out what it does and how to usc
it?
— Are there any obvious omissions in the equipment the school
B has?
How arc biological supplies organized?
How is waste disposed of and what scparations (glass. bio-
_ logical, other) are made?
= : *  Where is the stationary kept?
o If a pupil needs a new book, can you just help yourself and
' hand it to him or her?
What do you do if pupils say that they have lost a books?
What is the procedure for obtaining chalk. white-board pens,
OHP pens and acetates?

Textbooks/worksheets

o What textbooks does the school use for Key Stage 32

o What textbooks does the school use for Key Stage 47

s Do the children have a textbook cach and are they atlowed to
= take it home?

i If not, what resources if any, are available for setting hesen o/k?
e What worksheet schemes does the science departmie i ose”

S Where are these stored and what is the proced we tor usaig )
) them? 1
. How can additional copies be made?

. o Doces the department have additional texts for science-based !
- activities ¢.g. SATIS, science readers, a small book-troliey.
K o What range and quantity of science books are available in the
school library:

I lideos ;

i

e Does the department huve a collection of videos? Where are they

R . stored? 1
% What is the procedure for borrowing and returning thems
o Which ones in your spedialist subject ares are highly recom-

- mended by the other staft':

- e It you would tike a video recorded. what is the procedure?

o e What is the system tor ordering the video player for a lesson?

o 33
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Information Technology

* Does the department have its own computers?
What are they used for principally?
* Does the department have any of the following:
Datalogging equipment?
Software for Computer Assisted Learning (CAL)?
CD-ROMs?
In each case, how are they used in the classroom?
Do you know how to use cach of these? If not, how would you
find out? :
* What strategies are used for overcoming the problem that there
may only be one computer in a class?

Posters/Classroom Displays

*  Does the department have a collection of posters for display? |
*  Who is responsible for changing/maintaining the display in cach i
|
i

classroom?

* s it acceptable for the display arcas to be used for samples of
pupils” work?

3.2 Objectives for Pupils
Mentor's Brief

Objective « Student teachers should be able to write behavioural objectives
for pupils” activitics.

Time * 1| hour for the student teacher to review materials and write
objectives
e '/, hour for discussion with the mentor

Instructions

* DProvide a range of material that forms the basis of typical lessons
in your science department. These should include the following types
of activity:

Sclinvestigations
Practical lessons introducing o new instrument, ¢.g. the amimeter
or microscope

Non-practical fessons using a resource such as texthooks or videos
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Practical demonstrations
Circuses of practical activities
Class practical investigations on the relationship between two
variables, e.g., force on a spring and its extension
Constructions of a simple model, e.g.. a model of the heart or
a planisphere
Introductions of a new idea, ¢.g., the distinction between solvents,
solutes and solutions or the measurement of acceleration,
* Ask the student teacher to look at the lesson materials and then, for
cach lesson selected, to write possible learning objectives for pupils.
* Discuss the objectives for the activities with the student teacher.

Discussion pointy

*  Was the process of writing objectives casy or difficult?

*  Why might it be important that the pupils know what the purpose
of the lesson is?

* Does writing objectives make it easier to explain what the purpose
of the lesson is to the pupils?

* Do experienced teachers write objectives? If not, why not?

3.2 Objectives for Pupils
Student Teacher's Brief

Objective '

You should be able to write objectives for pupils® activities.

Instructions

*  Read the notes below on objectives.

* You have been provided with a number of standard science les-
sons which are commonly taught in this school,

*  Read through the lesson material.

e Write out possible objectives for the pupils for the activities.

*  Discuss with your mentor the objectives you have written.

Nuotes an objectives !

Objectives are behavioural goals for pupils” activities and can be used as
criteria by which learning can be measured. Thus an introductory lesson
on clectricity which has the aim “to introduce the idea of simple circuits

n 35
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and how they work’, may have a set of objectives which are that pupils
should be able to:

» construct a simple circuit with one battery and a bulb: |
» explain how series circuits containing additional bulbs and bat-
teries might be constructed.

These objectives focus attention on pupils’ knewledge and their cogni-
tive and manipulative skills. Typically, they include verbs such as ‘recog-
nize', ‘state’, ‘explain’, ‘recall’. ‘draw’, ‘make’, as thesc describe actions
that are clearly achievable by pupils and define the objectives in terms
of pupils’ behaviour and actions. Descriptions of pupils’ knowledge
and skills with such words as ‘understand’ are too vague for behavioural
objectives, although they may be suitable for aims.

There are big advantages in writing behavioural objectives as part
of your lesson planning. Most importantly. it places the emphasis of
lesson planning and delivery on the management of pupils’ behaviour
for the purpose of learning. It moves the tocus from the teacher to the
pupils who have to do the lcarning. This means it is casier for you, as
a science teacher, to plan activities for pupils to give them the know- |
ledge and the cognitive and manipulative skills that are your pupils’
learning objectives. Behavioural objectives provide a useful yardstick for
teachers to assess pupils and evaluate the lesson. !

Aims can be confused with objectives. To avoid this confusion
think of them as being found in different documents. Objectives belong
in lesson plans. It is perhaps best to keep to aims in schemes of work.
Aimis are more general than objectives and are often written in looser,
less behavioural language.

3.3 Extending the Repertoire of Pupils’ Activities
Mentor's Brief

Objective = Student teachers should be able to draw upon an extended range
of activities for pupils in drawing up lesson plans.

Time o Several hours of independent work for the student teacher
s Occasional discussions with the mentor

Background

Research shows that most student teachers start teaching by modelling
or imitating activities suggested by their tutors. or those which they have

Y
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personally experienced on a training course (Bennett and Carré, 1993). If they
are not provided with a range of alternative pupil activities at this stage they
may resort to the models they experienced in their own cducation. Student
tcachers should be encouraged io trial and evaluate as many pupil activities as
possible and discuss their weaknesses and strengths. All individuals have to
evolve their own teaching styles and they should be encouraged to do so by
making reasoned and independent choices from their own experiences guided.,
rather than determined by. your experience.

This section considers how different pupil activities can be devised for
use with the major resources used by science teachers:

¢ text
* video and
* information technology.

Pupils” work in creative writing and issues of language are dealt with in more
detail in Chapter 6. This can be extended to art work, although this is not
discussed in Chapter 6. Field-trips, muscum visits and visiting speakers all
provide alternative activities for pupils. These are touched on in Chapter 7.
Role-playing and drama have an immediate place in considering cducation
about science. particularly in historical and ethical work and this is discussed
in Chapter 8.

Iustructions

¢ The student teacher should be directed to the activities 3.3a, b and ¢,
¢ Explain that the tasks to be carried out will need discussion atter their
completion.

Discussion points

* In your discussion with the student teacher on the pupils” activities,
add as many new and different examples as you can, including activ-
itics you may not personally use, so as to help build the student teacher’s
repertoire.

3.3a Directed Activities Related to Texts

Student Teacher's Brief

Objedive i

From ditferent textual resources you should be able to construct DARTS
(dirceted activities related to texts) activities tor pupils.

37
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Instructions

Read the notes and examples of DARTs below.

Construct 3 DARTSs of your own for specific lessons and topics.
Discuss them with your mentor along with your lesson plans.
Trial the DARTS in lessons.

Discuss the outcomes with your mentor.

Notes on DARTs

Essentially there are two types of DARTs — those which require the
text to be reconstructed and those which require the text to be analysed.
Students need to be introduced to both types and shown samples of
cach.

Reconstruction DARTs
There are four principal types of reconstruction DART s

text completion:

diagram completion;

table completion:

reconstruction of a disordered text.

Text completion DARTSs can involve pupils adding appropriate words
in the blanks that have been leftin a previously complete text. This tvpe
of activity is often known as a CLOZE procedure and is popular in
arcas outside science. In both diagram completion and table comple-
tion DARTs, pupils add labels to a diagram or complete a table. The
reconstruction of 4 disordered text is most useful where there is a logical
sequence or structure in the text. Descriptions of experimental proce-
dures. descriptions of anatomical structures and procedures in time
generally are suitable for this trear nt.

Analysis DARTs
There are five ditterent types of analysis DART:

underlining text:

labelling text;

summarizing with a diagrany;
summuarizing, with a table:
writing, questions about 4 text.

Underlining, involves pupils scanning a4 text searching tor relevant key
words, coneepts or related ideas. Tabelling text would require pupils
to add headings or labels for paragraphs so as o produce ¢ form of

t -
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telegraphic summary. Both diagrammatic and tabular representations
can be constructed for ideas, concepts or data. These involve pupils
translating information from one form to another. A question-writing
DART would require pupils to construct their own questions. Sce
activity 10.4 for more details on pupils writing questions.

Examples of DARTS

A text completion DART

[Instructions to pupils]

Do the following task as a pair.

Read the passage and fill in the missing words.
Carry out the activities at the end.

The Distinction between Mass and Weight

In common speech we often say things like “This bag of sugar weighs
one " As we shall see, * " has a different meaning,
to a scientist.

The quantity we are talking about when we measure out one kitogram
of sugar is the amount of sugar that we have. This is what scientists refer
to as the mass of sugar. Mass is mcasured in and is a
mieasure of the reluctance of an object to change its motion, what is
called its

The . of an object is something quite different. Everything is
attracted to the Earth by - This is referred to as the “force of
. That iy exactly what gravity is, a force. Forces are micas-
ured in _. Gravity is supposed to have been discovered by Sir
Isaac Newton when an apple fell on his head: a nice story. The weight
of 4 body is a measure of the with which attracts it to
the . and as a force it is measured in Newtons,

The confusion between mass and weight arises because the force with
which the Earth attracts a body 1s directly proportional to the

That is to say the more _ the more weight. This provides us with
a convenient way of measuring mass. Two masses can be compared by
placing them on opposite arms of a balance. If one has greater muass than
the other then the force of gravity on it will be stronger and the beam
will be ot I the two masses are equal then the weight
will be the same and the beam will balancee.

fn effect, we compare masses by comparing . _ . Thisis the origin
of expressions Tike ' have weighed these apples and they weigh three
Kilograms',
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Modern weighing machines no longer compare weights. They mcasure
weights using spring devices which have been pre-calibrated. A device
can be set up to give a reading in kilograms. All equal masses have the
same . This means that if you measure this weight you can
work back to find out the mass.

Think back to those films of men walking on the surface of the Moon.
[t really was a strange new world wasn't it? It was almost as if things
were happening in slow motion.

The reason for this is that the force with which the Moon’s gravity
attracts objects is much than that of the Earth. That's why,
even without air resistance, things fall more slowly on the Moon.

i Things weigh on the Moon than they do on Earth. It is a ter-
i rific, but very expensive way of losing weight. Unfortunately the effect
, 15 not long lasting because although we weigh less on the Moon our
remains unchanged so on return to Earth we weigh the same.

; ¢ Now re-read the text and write a heading above or beside cach
paragraph. c¢.g. for the first paragraph. you may well put the
heading *Common use of the word weight.’

+ Now underline all those sentences which tell vou something
about mass.

»  Now double underline, or use a ditferent colour all those sen-
tences which tell you something about weight.

1 *  When you have finished write a few sentences. describing what

you think is the difference between mass and weight.

Consider which words are the words to remove: scientific word. verbs,
conjunctions?

© Why is it essential that pupils should do these tasks in pairs?

i Discuss this with your mentor.

A disordered text DART
i In constructing, one of these, it is important that lines of text are scram-
i bled before it is printed so that pupils cannot use edge-joins as clues to
the correct order.

Investigating the Relationship between Acceleration and Force

[Instructions for pupils|

Cut the instructions for steps inan experiment into strips,

Rearrange the strips to give the correct sequence of steps for the experi-
ment,

Paste the correct sequence into your hook.

40
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Mark out the strip into divisions of ‘ten-ticks'.
{abel the first one A, the second one B and so on.

Connect the ticker-timer to a 12V power supply.
Draw up a graph with two axes. time and speed in emi/t.t.

Now caleulate the acceleration using the formula
acc. = change 1 speed + time taken.

Friction compensates the slope so that the trolley maintains a steady
speed as it rolls down the hilt (the dots should keep the same separation
all the time).

Mcavure the difference in height between the strip A and strip F. 6 'ten-
tucks” later. This is the difference in speed between the two.

Now aceelerate the trolley with one clastic band.
Remember to attach a new tape and turn on the timer.

set up the ramip so that there is a slight incline.

Paste the first “ten-tick™ in adjacent to the y axis.
Paste strip B nest to it and so on till you have at feast 6 strips on your
graph.

Repear this procedure for two elastic bands and three elastic bands.
Attach a tape to the trolley.

Teachers commentig on this technique have said that atthough it takes
anextra five minutes to do this procedure at the start of an experiment.
it results @ much more etficient use of time by the pupils, with the
expermment bemg carried out much more effectivety. Consider why you
think this might be so.

Aocunderliung, analysic DAR'T

[he third type of DART here is an analysis DART. It requires pupils to
read and re-read the text using the techniques of underlining and table
construction to summniarize the test,

Solids, liquids and gascs
fInstrachions to pupils]

s birst read the whole passape with care.
* With a coloured pencil, undertine the parts of the passage which
tell you about the movenient of the particles,
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«  Now double-underline those parts of the passage which tell you
about compressing or squaching a substance.

+ Using the headings. ‘Solid’, "Liquid’ and ‘Gas’, make a table
which summarizes how particles move

*  Usc the same headings to make a table which summarizes how
casy it is to compress a substance.

The most obvious feature of the way that the particles are arranged in
a substance depends on whether it is a solid, a liquid or a gas.

The particles in a solid must be held in fixed positions, otherwise solids
would not retain their shapes. Morcover, the particles in a solid must be
packed very tightly together. This is evident from the fact that solids are
very difficult ‘to compress. Even at very high pressures, the change in
volume is very small indeed.

[n most liquids. the particles are less tightly packed than in a solid. This
is evident when a solid is melted as there is usually an increase in volume
on the change from solid to liquid. However, since liquids arce also
difTicult to compress, the particles must still be very close together. The
main difference between solids and liquids is that liquids have no shape.
They take the shape of the container and are free to move about and can
be poured. Obviously, the particles in a liquid are not fixed in any
definite position. They are able to move about, rolling over each other
like grains of sand.

Gases not only take up the shape of the vessel which contains them but
also spread out to occupy the whole vessel. This is casily seen by using
4 coloured gas like bromine. Our picture of a gas is one in which the
particles are free to move about and there are quite large spaces between
them. Increasing the pressure on a gas brings the particles closer to-
gether. If this increase in pressure is large enough then the particles
become as close together as iica liquid. The gas will then change into a
liquid.

3.3b Using Vidcos
Student Teacher's Brief

A typical educational video is in the order of twenty minutes duration.
Even an extract of five minutes is generally packed with a high density
of information. However interesting, watching it is 4 passive experi-
ence. The design problem for lesson planning to incorporate the use of
video is to design activities that make pupils active, not passive.
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Objective

You should be able to select different ways of using videoed material
with classes and incorporate your selection into a lesson as a pupil activity.

Instructions

* Read the notes on strategies for using videos below.,
* Produce your own list of a range of approaches.
Add notes on possible advantages and disadvantages for cach

method.
* Planan activity for pupils using a video in a lesson you will teach.
: * Discuss the plan with your mentor.

* Teach the lesson and evaluate the activity.
* Discuss the evaluation with your mentor.

Notes on strategies for using videos
Some of the strategies that may emerge in the discussion are:

Providing a list of questions about the video which pupils must

complete after watching it.

Breaking the video after several minutes to discuss the issue raised

betore going onto the next section.

* Asking pupils to write a one paragraph summary of what the
video was about, in pairs. Follow this by getting one or two to i
read out their summaries to the rest of the class. f

* Breaking the pupils into four groups, A-D. Group A are told |
that they will have to produce a one paragraph summary of the |

first five minutes, group B the second five minutes and so on.

At the end of the video, cach group is given five-ten minutes to

produce the summary and then the groups are mixed so that

there is one person from cach group in the new groups. The
groups now pool their summaries to produce a composite suni-
mary which is no longer than one page. This is then reproduced
by the teacher for the whole group. Although lengthy, this is an
cffective means of getting children to summarize a video. |

* Providing a diagram which can be annotated from the informa- ‘
tion in the video. This is particularly useful for anything that i
involves descriptions of body parts or mechanismis. “Fhe parts !
have to be labelled and then notes added expliining the function.

L]

Producing a poster summuary. This method is useful for videos
dealing with topical issues, e.g. poltution and nuclear power.
Pupils can be asked to produce posters which show the prablems
and possible solutions, advantages and disadvantages or difterent
methods of tackling the problem.

Q
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3.3c Using Information Technology
Student Teacher's Brief

Objectives

You should become more familiar with the school's I'T provision and be
able to plan to include I'T in your lessons.

Backeround

Science education should be an opportunity to learn to use the tools and
instruments of the scientist. This is the justification used for teaching
children how to use a Bunsen burner, a thermometer and an oscilloscope.
These days, instrumentation for many scientists is linked to informa-
tion technology — both for the collection of data and its analysis and .
interpretation. A science education which does not provide children with
opportunities to experience such use is inevitably incomplete. Information
technology can enable science teaching to transcend the constraints im-
posed on experimental work by a school laberatory and periods of study
of approximately an hour in length. T instruments chable phenomena
to be studied which happen very rapidly, e.g. record a microphone
trace. or events which happen over much greater periods of time, ¢.g.
the growth of a plant. It has been shown clearly that the opportunity to
sce the graphical representation of an event as it is happening signific-
antly improves pupils” cognitive skills with scientific representation.,

Instructions

Conduct an audit of your skills by rating your ability to use the
tollowing packages.

Good
Databases

Word-processing
Spreadsheets
Oxther software

Ask your mentor who is responsible for I across the curricu-
lum.

Discuss with your mentor what Tl provision there is in the
sarence depattment and how you can become more skilled
using it.

Practice with the TT software and data logging, so that you are
shilled 1 using it
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| * Consider opportunities for introducing I'T into your lessons. i
‘ *  Plan such lessons,

* Tecach uvsing the IT.

¢ Discuss the outcomes with your mentor.

For further reading on this subject see, The I'Tin Secondary Science Book:
A compendium of ideas for using information technoloey in scicnce by Roger
Frost (1994). London: IT in Science.

3.4 Pupils’ Activities with Concepts
Mentor's Bricf

Objective « Student teachers should be able to introduce into lessons activ-

ities that require pupils to articulate their concepts and ideas in
science topics.

Tune * 2 hours for the student teacher to carry out the activities and
reflect on their use
* /. hour discussion with mentors

Background

This student teacher activity explores the use of concept maps and allied
techniques. This is a generie activity which can be used in most arcas of the
curriculunt as 4 means of articulating conceptual knowledge. There is evid-
ence to show that their regular use produces a significant improvement in
pupils” understanding of science (Horton, 1992). One of the important fca-
tures of concept mapping. and other activities described here. s that they
muake pupils talk about and clarity their own scientific knowledge through
discussion with other pupils, “Uraditionally . such opportunities are rarely pro-
vided in many classes. The other pupil activities are variants on this strategy
which encourage pupils to think about the appropriate use of scientific lan-
guage and the meanmg of scientific terme.

Irstictions

o As with any activity, it s best i tried first, so the student teacher
should be asked to make a coneept map. She should abso try the other
activities of word association and key sentences.

o Discuss the student teacher’s experiences with the acuvities aad her

retlections on how the activities might best be mcorporated into
schemes of work and lesson plans.



Learning to Teach Science

Discussion points

- Raise these questions in your discussion with the student teacher:

«  Which is more important — the final product or the process of pro-
ducing it?

e What arc the features of this activity which make it a potentialiy valu-
able learning experience?

o When would it be most appropriate to use this activity?

~ 3.4 Pupils’ Activities with Concepts
Student Teacher's Brief

Objective
- you should be able to introduce into lessons activities that require pupils
- to articulate their concepts and ideas in science topics.

o Instructions

. e Carry out the activities that are described below.

' o Answer the guestions for reflection at the end of cachr activity.

o Consider how these activities might be built into 4 scheme of
work.

o o Discuss vour refections with your mentor.

Adrivities for articulating concepls

Concept mapping

Concept mappig is a technigue which sces words essentially as labels
for concepts or 1deas and asks individuals to define the relattonships
between them. Typically. a list of words is provided. ¢.g.

Ncbula Galaxy Star Mcteor
Comet Planct Ursa Major Solar system

- Satellite Universe Red shift Red giant
White dwarf Black haole Meteosat Shooting, star
Andromeda Constellation

I he followmg instructions are then given to group of 3 4 pupils.

e Write cach of the above wards in large letters on g small piece
of squared paper (4 cm x4 cmd

o Sort the squares into two pikes = those you know the mcaning

: of and those you do not understand.

T o Discard the pile of words you do not understand.
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Now lay out the remaining words on a large picce of poster paper.
Place those words that are related adjacent to each other.
When you are happy with the arrangement. stick the squares
down.

Draw lines between the terms that are connected.

Now add a few words or a sentence to the lines to explain how
they are connected.

For instance

UNIVERSE = - - —-p—— - = STARS

consists of
* When you have finished pin your map up for others to look at.
Now, answer these guestions:

°  What value would it have for learning?
* How could it be used in other arcas of the curriculums?
* How often and where should it be used in a topic?

HWord Association
For this technigue. you are ashed to think of all the words that vou
associate with a particular word in the order that they come into your

mmd. e s particularly useful for words that represent key concepts in
science. Try it yourself for the following words. Write the key word
and then the first ten words that you associate with it e.g. Photosynthe-
sis. Oxidation or Energy. When you have finished, write a sentence
which states the relationship between the key word and cach of the ten
words that you associate with it.

Now answer these guestions:

What nught be the educational value of this activity:

What would be a good method of using, itz

Should it be done onan individual basis or by pairs of pupils?
Why?

Key Sentences
This technique 1s essentially another variation on the thene of word
association and typically the activity takes 30 40 nunutes.

Pupils are provided with a list of key words which have a scientific
meaning and an eversday meanmg. Such a list for energy with GOSY
pupths could be

cnergy hinetic lost
transter clectricity heating,
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potential conservation insulator
conductor sound light
work joules Newton
force metre stored

Instructions to pupils:

+ On your own write five sentences.
Each sentence must contain at least two of the words in the
above list.
Now join with three others. Share your sentences with them and
discuss whether your sentences are scientifically correct.
In your group. pick five sentences, three of which you are surc
are scientifically correct and two which you are not sure about.
Write these on a picce of paper.
Pass the sheet to the group next to you on your left. With the |
sheet that is passed to you, discuss as a group whether you think .
cach sentence is scientifically correct. If you think so, mark it
with a tick. I not. mark it with a cross.
When you have finished pass your picce of paper onto the next
group.
Continue this till vour picce of paper returns to you.

Now ., answer these questions:

What is the focus of the strategy for learning in activities such as
concept mapping, word association and key sentences?

Why might this be of value?

When would it be of value?

3.5 Sclecting Appropriate Activities
Mentor's Brief
Objective * The student teacher should be able to select activities to match

pupils’ needs and give an adequate rationale for their choice.

Time o 2 hours for the student teacher to carry out the activities and
reflect on ther use
o '/ hour discussion with mentor

Backgronnd

Studies by Ter Majesty's Inspectorate (HMI) have consistently shown that the
abihty of teachers to mateh tasks to chifdren is generally poor: the requirements
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of high attainers are underestimated and low attainers overestimated. Student
teachers should now have sufficient experience of a range of pupils’ activities
in the classroom to begin the process of thinking about the issues involved in
the matching of activity to pupil performance.

The broader issues. expressed in a programme of study, need translating
into schemes of work and then into classroom practice and pupil activities at
the level of the lesson plan. Global aims. individual pupil performance and
skills. as well as the constraints of the individe. 1 science department, all influ-
ence how the selection of pupils’ activities is made.

Work in activity 2.5 on realizing aims and that in 9.5 on differentiation
may be particularly relevant and helpful to this activity. Activity 3.5 should
be carried out before activity 4.5, on revising part of a scheme of work, which
can be used as an umbrella for these other activities.

Iustructions

* Direct the student teacher to the two grids in the student teachers'
activity.
* Discuss with the student teacher his or her report on the questions at
the ends of the grids.
3.5 Seclecting Appropriate Activities

Student eacher's Brief

( )1'.]'1'1 e

You should be able to select pupils” activities to match pupils” needs by
considering criteria that vou can articulate.

Listiction.

Carry out the activities that are described below |

Answer the questions for reflection at the end of cach activity.
Write a brief report on vour answers to the questions at the ends
ot the activities with the two grids.

Discuss vour report with vour mentor.

Anaine activity erid

* Wk through the grid and enter a tick where the AISTENISST
suitable tor that aineand a cross where it would be unsuitable.
* Now use the final colummn, Patan O mthe column if you hasve
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used that kind of activity often, a N if you have never used that
activity and an S if you have used that technique sometimes.

Table 3.1. An aims/activity grid
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¢ Now look carefully at the profile that you have just completed.
What does it tell you about your approach to teaching?

o s there a good reason why you have made little use of some of

these activities?
«  Ate there any rules for deciding which activities are suitable for
which arms?
What might those rules be?
o How do different activities for pupths promote ditterent nmages
of the nature of science?
o Which image do you wish to promote?
How should you change your teaching?
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i LEnjoying science
i .
o « Check, with a tick, thosc things which may be particularly cn-
: joyed by the groups listed. Put a cross for activities that you
: judge to be inappropriate for particular groups.
I
i Table 3.2: A pupil actvityfenjoyment grid
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Which activity do you judge to be the least universally applicable?
Again, why might this be so?

Are there patterns across the activities and groups of pupils in
terms of enjoyment? What are these patterns?

Are there any rules for deciding which activities pupils might
cnjoy?

What are they?
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Chapter 4

Planning and Managing

Aims

Teachers are managers. They may be managers of more than thirty learners
at a time. The teachers don't do the learning in the way that a factory manager
doesn’t actually operate the machines in the factory. The teacher. as manager.
docs have a responsibility to make sure that the learners can “manufacture’
their learning. The aims of the activities in this chapter are to help student
teachers to develop the following:

knowledge of the clements of planning and classroom management:
skills and strategies for organizing and managing activities in lessons:
skills and strategies in planning and muanaging continuaity between
lessons;

" experience in developit g and planning a scheme ot work,

Introduction

I this chapter, the focus is on the howe of teaching: procedures, routines and
strategies. This is closely linked with Chapter 3. where the focus is on the
what of teaching: what is available and which activities might be scelected.
Student teachers need to see the symbiosis of these.

Activity 4.1 introduces the Tesson plan as the basic document that sup-
ports teachers while they are at work. The lesson plan combmes how things
are to be done, with the choice of what is to be done. Student teachers need
to be directed to producing lTesson plans that are clear. coherent and condcise.
This should help then build vepertoires of procedures, routimes and strategics.
Activity 4.1 mtroduces lesson plans as support decuments. The selection of
classroom activities tor lesson plans witl i the main, be tor pupil activities,
It is theretore important that the student eachers think about what the pupils
will get trom the acuvities as well as how to organize and manage the actin-
ities themselves. What are the pupils “manufacturing’. in terms of therr
hnowledge and skills, through the operation ot that parocular learnmg actis ey
This ties mowith activity 3.2 on objectives for pupils.
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The activities for student teachers in 4.2 are intended to help student
teachers develop skills in teaching parts of lessons. The recommended strategy
for mentors is to introduce the student teacher to planning, organizing and
managing these smaller parts of lessons before the student teacher graduates
to teaching a complete lesson unassisted. Student teachers will need to be
able to plan sections of lessons in more detail than appears on the standard
lesson plan. Where a key skill, picce of knowledge. use of a scientific tool
or technique is to be introduced auxiliary prompts and directions should be
developed during planning. The directions on “observation with a higher
resolution” in activity 2.2 should help student teachers see the corsequences of
other teachers’ decisions over choices of sequencing and pupil activity. Activ-
ity 4.3 is dirccted at the planning. organizing and muanaging of” complete
fessons,

Activitics 4.4 and 4.5 are designed for use when student teachers take
responsibility for teaching a complete topic aret in @ programme of study.
Student teachers should be required to review and revise part of a schieme ot
work for 4 module, unit or topic. This is planning. organizing and managing
the targest unit of work that a student teacher might reasonably be expected
to deal with, Mentors should select some topic in need of revision and/or
development, The product of this revision should be usetul to all members of
the department and therefore needs to be as close to tull professional standards
as possible. fn this way, the student teacher can become yet further incorporated
into the working of the science department by sharing in its corporate re-
sponsibilities. The focus of their attention. can be directed to the objectives,
activitics, assessments, coherence and continuity ot the scheme of work tor
that topic. Issues of the openness of the activities {Chapter 3), the deselopment
of the learner's language skills (Chapter 6) and the nature of ditterentiation
and progression (Chapter 9) should start to play a more prominent and inte-
orated part of the student teacher’s planning,

Maost student teachers are anxious about classroom control. They can
be reassured it their work is presented as a management job rather than a per-
formance job. Planning. organizing and managing cffectively can consider-
ably reduce the opportunities for classroom disruption. Pupils can be expected
to be on-task when their tasks are well-planned and well-orgamzed.

4.1 Elements of a Lesson Plan
Mentor's Brer

Obyectin Student teachicns should be able to st the clements ot o lessan
plin. comment on their necessity m supportig the teacher asa
natageer and comment on the adsantages and disadsantages of
ditterent stvles of Tesson plan.
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Lime I hour of student teacher tine
o '/, hour discussion with mentor

Dstrucionis

o Provide the student teacher with various lesson plans, If a variety of
difterent styles can be used from your own stock this would be an
advantage.

o Give the student teacher time to answer the guestions in the activity
bricf.

o Mcet to discuss the student teacher’s answers,

Iivcusaen points

o Key clements of a lesson plan include:
date:
class:
tme and room, tor record keeping and reference purposes,
o Some mdicatton should be made to the:
topic, module, or referenced scheme of work:
specific fesson topic, or scheme of work reterence.
bulk ot the plan should concentrate on:
objectives for general orientation;
Jcnvines for the pupils;
extimates of the time cach activiey wilf take:
some indication of the real time at which activities might be
expected to start:
short experimental notes and safety warnings:
stzes of pupil” working groups tegether with the number of
Qroups:
book reterences and kev questions, hemework,

Wath 1 mee of ditterent styles, advantages, disadvantages and additions are
e to Jughheht and discuss. The preaciple differences are likely to be in
terms of managertal guidance on sub-sections of the lesson, e.g, in the fesson
plan given below . the notes for the pupils to copy down from the board
might be exphathy written out madvance rather than made up on the spur
of the moment. Simlarty the summary for the lesson might be worked ot
moadvancc A wniten reminder on which microscope objective to use would
be helptul. A satety warnmg, card for the ammonia and hydrochloric acid
expermment and nerhaps the boiling kettle will be essentiai. Other points will

doubtless cimerge as vou draw upon your own experience aned expertise.




Learning to Teach Science

[ e

4.1 Elements of a Lesson Plan

Student Teacher's Bricf

()l{ft’([fl‘t'

You should be able to list the elements of a lesson plan, comment on
their necessity in supporting the teacher as 4 manager and comment on
the advantages and disadvantages of different styles of lesson plan.

[nstiictions

Look at the lesson plans provided by your mentor together with
the example below.

Write down what you think are the Key clements of a lesson
plan.

Note down why those elements are necessary.

Briefly note down how lesson plans might difter.

Think of the advantages and disadvantages of difterent styvles of
lesson plan.

List other paper-suppert materials (not worksheets for the
pupils) vou might need to prepare to help you organize and
maige the pupils” learning. Why might you need them:

Spedmen lesson plan

Group 1o Week o
Wednesday, 2 June 10 am Lab. 2

Topic: The macroscopic propertics of materials and their micro-
sCopic structure.
[esson Brownian motion and the particulate nature of matter,
Objectives: Pupils should be able to:
e use the particulate mode! of matter to explain some
physical phenomena:
follow instructions to observe Brownian maotion in
simoke.

Real time Aatiritios Time taken in minnies
10,000 Fntry /register/cotlect b reports on size of ol molecule 5
10,05 (safery warnings)

Q. "What w happenmg here?’

Point out two sets of stations: 4 people per station.

Crrcus ot activities on particulate nmatter:
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boiling kettle and mielting ice-cubes/permanganate

11.15  Summarize the morning's activities.
Home assignment of experimental write up and
photocopied GCSE question p. 1. Q6. 5
1120 tnd.

crystals in water I

smell of scent/fuming of amymonia and hydrochloric ;

acid.

A Pupils to circulate and note doswn what they observe. 15 ;
10,20 Collect pupils” own descriptions and ideas and write them f
on the board. i

10,30 Pupils copy down summary notes from board: i
particles/motion/temperaturc. 10 ;

10,40 Brownian motion experiment (Bk. 1. p. 51, expt. 3) |
pupil to read instructions aloud from the book. i

Discuss. 10 i

10.50 Do Brownian motion experiment in groups of 3 i
(10 microscopes). 15 g

11.05  Pupils start write up with diagram of smoke cell. is
i

|

4.2 Team-tcaching Parts of Lessons
Mentor's Biief

Objective+ Student teachers should be able to use 4 variety of teaching
skills and strategices in 2 team-teaching situation.

Lime o Lesson time, and up to 2 hours for the student teacher on cach

activity to be planned., discussed . organized. taught and reviewed.

o Tesson e, and up to ' hour for the discussion of the plan,
cbservation and debrief with mentor.,

Backerowd

Four tearning opportumtics for pupils have been selected for student teachers
to develop therr planning, ory mizational and classroom management skills:
.20 Pencil and paper task
4.2b Class practical
4.2¢ Demonstration with 1 question and answer routinge
4240 Eaplinauon at the board wath a guestion and answer routine

The tashs, and the order in which they are presented here, are praded i terms
of te amount of direct clissroom control the student teacher must assume,
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Itis far casicr to manage a well-defined pencil and paper task than to manage
a question and answer routine while dealing with some explanation at the
board. Sencrally the more the pupils are on-task, independently of the stu-
dent teacher, the casier it will be to manage that learning opportunity.

Activity 4.2b, *Class practical’. and activity 6.2a, 'Eliciting idcas’ compli-
ment cach other as do activity 4.2¢. "Demonstration with a question and
answer routine” and 6.2b, *Sharing ideas’.

Instructions

For cach activity:

Sclect opportunities tor the student teacher to tcam-teach parts of
lessons with you, with colleagues. or with other student teachers.
Briet the student teacher well before the day of the lesson.

Discuss the student teacher'’s preparation in advance of the lesson.
Sclect an observation technique from the activities in Chapter 2.
Use this when the student teacher teaches.

Team-teach the lesson. When the student teacher is teaching, observe
the student teacher’s actions,

Record your observations.

Debrief the student teacher by asking for their thoughts on their
actions.

Make your opening comments positive.

Where actions can be improved focus on the specific action and dem-
onstrate in the reom, there and then, it possible. (Refer to Chapter 1
Action 3, Debrieting.)

Diiscussion points

Managerial issues that might arise include;
timing
grouping of pupils
moving of pupils to better places for visibility
positioning of the student teacher themselves and monitoring of
all corners of the room by scanning and the student teacher's
own movenient around the room
organizing of resources in terms of positioning for access
distribution and collection
availability of all the resources required
light, ventilation and heat Tevels would be a jomt team responsi-
bility at this stage.
Pedagogic issues include:
appropriateness of the language level
repetition and display of new words and ideas
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clicitation of pupils” own ideas
appropriate selection of activities to match the learning objec-
tives.
* Content issucs include:
coherence of the science
appropriateness of the science to the topic and everyday life
use of evidence and the ways in which we know what we know
development of examples or the explanation of techniques.
* Performance issues include:
body posture
cye contact with the members of the class
voice level and variation
pacing of speech
use of chalkboard or OHP
the checking that board writing can be seen by all.

4.2a Pencil and Paper Activity
Student T'eacher’s Brief

"This is the first of four activities that are designed to help you learn and
practise tcaching skills. The teaching activities are all parts of lessons
rather than a complete lesson. The intention is that you will benefit from
observing your team-teaching partner at work as well as having their
support when you come to organize and manage your activity in the
lesson. Your partner can observe your actions and provide you with

feedback.

Ohbjective

You should be able to plan, organize and manage a pencil and paper
activity,

Instructions
Refer to activity 6.2b.
In planning your part in the lesson you need to do the following;:

*  Briefly discuss the task with your mentor ot the class teacher.
* Locate the task materials or resources.
* Think about how the task fits into the general pattern of the
lesson,
Decide upon pupil objectives for the task: what the pupils
will be able to do or know that they could not do or didn't
know beforchand. '
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Decide on timings: how long do vou estimate the task to
take?
¢ Find out or decide about:
the expendability and need for duplication of worksheets
number of texts and sharing (books)
the status of the writing (rough. best. to be corrected, as-
sessed etel)
the initial instructions to pupils. write them out to clarify
them for yourself
the final instructions to pupils,
Discuss the lesson plan with vour team-teaching partner.
Supplemient the lesson plan with notes for your activity.
Do the pencil and paper task for vourself so you know exactly
what the pupils will be doing.

These are things vou should do during the time that vou take charge:

¢ Check that pupils have understood your instructions (ask
someone to repedat them back to you).
Check that the pupils understand the purpose of the task and
how it fits into the lesson.
Monitor the pupils’ progress on the task by circulating around
the room and checking their work.
Keep a watch on the time,
Deade on when to warn the pupils that they will be stopping,
soon,
Stop the pupils.
Ask one or two pupils to tell the class their answers, discuss the
results or summuarize for the pupils,
Hand over to vour colleague ready for the next activiey,

4.2b Class Practical
Student Teacher's Brief

Objectire

You should be able to plan, orgamze and manage a class practical as part
of a lesson.

Instigctions

This activity s complimented by activity 6.2a, "Fhieting pupils” ideas’
In planning your part in the lesson you need o do the followimyg;:
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< Briefly discuss the class practical with your mentor or team-
teaching partner.
» Think about how the practical is part of the scheme of work.
Decide which process skills are to be emphuasized or as-
sessed.
Decide on the content knowledge the experiment develops.
Decide how the experimient exemplifies the scientific ap-
proach.
Decide if the experiment is to be exploratory. hypothesis
testing or ilustrative.
o Write out behavioural objectives for the pupils’ learning.
e Decide about the following:
grouping of learners: pairs or threes (with fours there will
always be one person who is not immediately next to the
person doing the experiment at that moment):
how much of everything will you need for the number of
groups that will operate;
timings: how long do you estimate the experiment to take:
safety and COSSH requirements:
where in the laboratory items will be placed for access by
pupils:

disposal of waste and used materials.

Practise the experiment so you know what advice to give pupils
so they will be successtul in the task.

Discuss your plan for the class practical with your teami-teaching
partier.

These are things you should organtze betore your activity in the lesson:

Order the equipment from the technicians within their deadhne.
Check on the experimental instructions to pupils tor com-
pleteness, correctniess, safety aspects and the number of copies
required.

Check on the nature of the pupils’ written reports: rough. best,
to be marked, assessed and so on,

Betore the lesson your need to Jhieek o thie tollowing:

That the technicians have prepared your cquipmient for ihe
laboratory.

The position of equipment/chenncals/samiples tor orderty collee-
non by pupils.

Count items that might be lost or casily removed from the
Liboratary and keep o note of how many there are,

(J
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When you take charge of the class experiment you should pay attention
to the following;

o Give out worksheets if they are to be used. Rehearse with the
class what they will do and why. providing the focus is not one
of following written instructions.

* Point out safety issucs.

»  Organize the orderly collection of equipment/chemicals/samples.

» Circulate amongst groups when pupils are experimenting. Ask
probing questions about the purpase of the practical. their
observations, conclusions, justifications. (See activity 6.2a.)

»  Trouble-shoot problems of specific groups.

» Kecep a gencral watchful eye on the progress of groups you are
not immediately dealing with (you will not need cyes in the back
of your head just a general scanning strategy).

» To give further instructions, call pupils to order when necessary
and insist on silence.

e Give pupils a warning of imminent finishing and clearing away.

» Supervise the orderly return, and counting back. of equipment.

* Supervise the disposal of waste.

»  Return the class™s attention to your team-teaching partner.

4.2c Demonstration witl. Question and Answers
Student Teacher’s Brief

Objective

You should be able to plan, organize and manage a demonstration.

Instructions

This activity is complimented by activity 6.2b, "Shating ideas’.
In planning your part in the lesson you need to do the following:

*  Bricfly discuss the task with yvour mentor, the class teacher or
your team-teaching partner.
*  Find out which demonstration to do.
* Think about how the activity fits into the general pattern of the
lesson.
Decide on pupil objectives tor the demonstration in terims
of both pupils’ process skills and content knowledge.
Deade on timings: how long do you estimate the demon-
stration to take?

70




Planning and Managing

Find out or decide about:
which apparatus/chemicals/samples you nced:
where these are kept, which cupboards:
how the apparatus fits together, what the procedure is:
safety and COSSH requirements.
Discuss these with the technicians.
Practise all demonstrations before you do them with a class.
Discuss your plan for the demonstration with your tecam-teach-
ing partner.

‘These are things you should organize before your activity in the lesson:

+  Order the equipment from the technicians within their deadline.

+ Decide upon where in the laboratory is the best place to do the
demonstration so that all will be able to sce clearly and safely.
Decide on key questions to focus the pupils’ attention on the
phenomenon and their ideas about it.

o Check that everything you need is ready in the laboratory.

+ Bricfly check the arrangements with your team-teaching partner.

During the time that you take charge of the demonstration you need to
do the following.

+ Group the pupils around the demonstration. Ensure that all can
see clearly.
Mention safety if necessary.
Elicit pupils” ideas on what is present on the bench. (Sce activity
6.2b.)
Elicit pupils’ ideas about what will happen, or does happen.
Ask your questions two or three times before choosing a re-
spondent.
Nominate respondents across different groups (boys - girls, front
— back, those with hands up — those without, ctc.).
Watch the clock so you don’t over-run.
Summarize what they have seen and discussed.
Return people to their places in an orderly fashion ready for the
next activity.

4.2d Explanation at the Board or OHP
Stwdent Teadher's Brief

Objective

You should be able to plan, organize and manage an explanation sup-
ported by board work or OHP.

PAFullToxt Provided by ERIC
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Instructions

Advice given in activity 6.2b also applies here.
In planning tor your part in the lesson you need to do the following:

Carefully check the scheme of work for the topic and the depth
of treatment required.
Review any past examination questions that might be appropriate.
Clarify why you are doing this part of the lesson in this way
rather than any other. Write out a behavioural objective for the
pupils’ learning. .
Write out the key points of the explanation and order them in a
logical sequence. Preface the sequence with an overview and a
question that the explanation addresses.
Find any audio-visual aids which may support your explanation.
Estimate how long the explanation will take:

10 to 15 minutes is enough for a motivated, above average

group

plan for shorter times with less motivated learners.,

Discuss the lesson plan with your team-teaching partner.

Betore yvou take charge of the explanation you need to organize the
following:

Requisition audio-visual aids i appropriate.
Check that the audio-visual aids are working,

During the time that you take charge of the explanation you need to do
the followmg:

Raise the problem that your explanation will address (see acti -
ity 6.2D).

Give a brief overview of how the explanation is structured.
Start at the first point and make it clearly.

Return to the overview to show that you are moving onto the
next point.

Ask guestions of the learners as you go along. Relate the gues-
tions to the learning objectives.

Repeat the questions before you nominate a respondent.
Spread the questions amongst groups: bovs — girls, front - back
and so on.,

Watch the clock.

Stop the explanation it vou are over-tuniing and plan to continue
i the next lesson.

Suminarize briefly,

Return the class's attention to your team-teaching, partner.

' 5
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4.3 Planning, Organizing and Managing a Complete Lesson
Mentor’s brief

Objective = Student teachers should be able to plan, organize and manage a
complete lesson with adequate linkages between past lessons
and future lessons within the scheme of work.

Time » Lesson time, and up to 2 hours, for the student teacher en cach

activity to be planned. discussed. organized, taught and reviewed

* Lesson time, and up to '/, hour for the discussion of the plan,
observation and debrief with mientor

Buckground

Experience has shown that student teachers who take charge of @ complete
lesson too carly can be overtaken by the multitude of demands that are put
upon them. They may revert to coping strategices that are recalled from their
own expericnces of fearning. These may not always be the best strategies,
Often it is chatk-and-talk with a transmission-mode of teaching and learn-
ing. Such strategies are certainly not well considered as they are often re-
active rather than pro-active.

‘The starts and ends of Tessons are the areas that will need special attention
now. At the beginning of lessons, student teachers will have the entry phase
of the lesson to deal with., The organizational and administrative aspects of
coats. bags and the register will all need to be run through as smoothly as
possible. Handing out books. reviewing homework, ottering praise to those
who have done well all need to be remembered and practised. The marshalling
of pupils’ recollections of past work needs to progress into the focusing on the
next activities. At the end of lessons, student teachers must get into the habit
of summurizing the learning of the lesson so as to re-focus pupils” ideas.
Organizing homework, reminding people of disciplinary actions, if any have
to be taken. rewarding those who have performed well and dismissing the
class have to be worked at to achieve a flawless continuity. Concurrent obser-
vation. by student teachers, of other teachers achieving these actions, will help
student teachers to mmprove their own performance. [t is not wise. at this
stage. to rely on mentories of lessons observed several weeks ago.

Instinctions

o Seleet the classes the student teacher will work wih.

o Bref the student teacher on the seheme of work and the progress the
pupils have made to date.

o Discuss the student teacher’s preparation in advance ot the lessons,

3 (
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* Prepare for observation of the student teacher’s work.

* Rcecord data on the observation schedule.

* Debrief the student teacher.

» Sct goals and targets for future lessons.

* Provide the student teacher with a copy of your written feedback.

Discussion points

* Handling arrivals:
What directions were given on coats and bags?
If arrivals are spaced over several minutes what work is there for
the pupils when they arrive: copying board work, reading etc.?
How are late arrivals dealt with? What are the school procedures
and policies?

*  Giving back marked work:

Did the student teacher give out the books and thereby take the
opportunity to become more familiar with who is who in the
class? )

Did the student teacher pick out examples of good work and
share with the class why it was good?

*  Reviewing the work of the previous lesson:
Was this done and were pupils’ ideas elicited or was it a teacher
review?
Was it a well structured activity?
Was the board used for keywords and concepts?

*  Objectives:
Are these written on the lesson plan? Are they written in terms
of pupils™ actions, knowledge and skills?
Do activities lead to the achievement of the objectives?

* Focusing activitics:
Was a clear overview to this lesson provided?

* Varying activities:
Is there sufficient variety of pupil activity in the lesson?
Are activities appropriate to the pupily’ skills and knowledge,
concentration spans and interests.
Is the variation well structured. ¢.g. quict tasks at the beginning
and ends of the lessons, or more open tasks later when pupils
are less fresh?

e Timings for activitics and” watching the clock:
Did the lesson end on time?

66
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Was clearing away carried out before the end of the lesson?
Were pupils alerted to how much time is left for tasks?

Summiarizing:
Was a summary provided?
Was it clear, coherent and concise?
Did it rely on ideas elicited from pupils?
Was board work used to reinforce ideas?

Giving homework:
Was adequate time allowed for the pupils to copy it down,
Was the homework relevant, achievable and clear?

Sharing with the pupils what will be done in future lessons:
Was there time for this?
Was it linked to the scheme of work?

Handling departures:
Were disciplinary proceedings followed through with reminders?
Was there quiet and calm before pupils left?

4.3 Planning, Organizing and Managing a Complete
Lesson

Student Teacher's Brief

Many of the skills and strategies you have already rehearsed will be
brought together, combined and refined in this activity

Objective

You should be able to plan, organize and manage a complete lesson,
with adequate linkages between past lessons and future lessons, within
the scheme of work.

Instructions

Discuss the scheme of work with your mentor.

Plan individual tessons,

Use the notes below as a cheek-hist,

Start teaching the tessons.,

Modify vour intentions, plans and actions in the light of teed-
back from vour mentor at de-briefing,.

ERI
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Notes on plansing, organizing and managing complete lessons

Your planning should include the following:

Formulating behavioural objectives for the pupils.

Selecting appropriate learning activities,

Checking for variety and appropriateness of activities.
Planning extension activities for quicker pupils.

Devising a linking strategy. Plan to review what happened i the
previous lesson and to introduce this lesson.

Checking the availability of equipment with the rechnicians.
Formulating a summary for the end of the lesson.

Devising homework for assessmient and feedback.

Writing out a4 comiplete lesson pian including what you will do,
and more importantly what the pupils will do.

Your orgamzing should include the following:

e The requisitioning of apparatus in appropriate numbers for the
groups whose sizes you have predetermined.

e The preparation, or ordering. of written resources, audio visual
aids ete.

e T'he preparation of other muaterials, e.g. glue, scissors, cravons,
large sheets of paper. cte.

In muanaging, vou should payv attention to:

The entry phase

A revision and focusing phase
Transitions between activities
Clearing away

Organizing of homework
Consolidating and summarizing,
An orderly dismissal of the class.

4.4 Supplementing a Scheme of Work
Mentor's Bricf

Objective o Student teachers should find, review and evaluate possible sup-
plementary activities tor part of a scheme ot work,

T o Soverdl weeks of student teacher work between lessons
o Two. t hour discussions with mentor
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Backyround

When student teachers have confidence in managing complete lessons they
need to be given the opportunity to review materials that can be used to
supplement a scheme of work for a particular topic. They should be asked to
carry out the review as & formual activity. They should draw upon the re-
seurces mthe school, and at their college. to select supplementary activitics.

Student teachers will have referred to schemes of work in previous les-
~on planning activities. Now is the time to stand back from the pressure
of mdivadual Tesson plans and lessons to take a broader view of the progress
ol learners, This is an attempt to provide links between the general aims of
programmes of studv, schemnes of work and the detail of lesson planning. The
difterence m detail ot a lesson plan, seheme of work and programme of study
need to be clartied so that the work can proceed at the right level. Generally
speaking. programnes of siudy are concerned with broad-brush stroke pictures
that wali have aimis and general areas of knowledge and skills sketched ort.
Phev will span a whole key-stage at a time. A scheme of work will repeat the
amis of the programmie of study and provide a schedule of termly, weekly
ated cven Tessan-by-lesson topics, activities and the objectives that the activi-
ties are designed to meet. The lesson plan is the document that student teachers
~hould now be most tamiliar with. These operate at the level of the lesson and
have an meernal detailing of the structure of the lesson,

Insing tions

Fdentity a scheme of work that needs revising.
Pacuss the current scheme of work with the student teacher.,

Durect the student teacher to sources of supplemientary maternals at the
schioels Sugpest they tind supplenentary materials in their college.
St deadline for the receipt of 4 written report.

Review the report with the student teacher,

4.4 Supplementing a Scheme of Work
Stident Teacher's Boef

Fhis activaty s intended to help both vou and the rest of the science
department. Schemes of work need updating ma systeniatic manner.
Y oucan contribuie o the work of the science department by carrying
out one such revies. You wil need to draw upon the knowledge and
shills vou have developed through activities in other chapters in this

book.
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Objective

Student teachers should find, review and evaluate possible supplement-
ary activities for part of a scheme of work.

Tustructionts

Your mentor will provide you with a topic that could usefully
be reviewed.

Obtain a copy of the scheme of work for the topic.

Arrange to have access to the materials used to support learning
of the topic.

Usce the following questions as a guide to a formal review of the
scheme of work:

Arc the aims clearly expressed? Are they reflected in appro-
priate activitics?

Have the aims beer translated into achievable objectives for
the pupils? Do the activities match the objectives?

Is there an appropriate range of types of activities? How
might that range be different?

What provision is there made for language development in
the activities? Arc tearners with special language needs
catered for? How?

Is there a good spread of activities that reflect the processes
of science? Could this be improved?

Is any particular view of science dominant in the activities?
Is this a consistent view or not?

What provision is made for pupils with different levels
of performance throuph the provision of ditferentiated
activities?

How well does the assessment match the expressed object-
ives?

Is the performance of pupils on assessment tasks mapped
onto Science in the National Curriculum? How might
this mapping be improved?

Sift and sort through resources in the school and at your college
to find alternative activities for pupils. The emphasis at this stage
is on improving varicty and appropriateness and not on whether
they can be fitted into the time schedule.

Write a report on alternative activities for pupils that might be
used to supplement the scheme of work, Justify your choices.
Discuss the report with your mentor.




Planniv~ and Managing

4.5 Revising and Trialling Part of a Scheme of Work

Mentor’s Brief

Objective * Student teachers should produce a revision of part of a scheme
of work that they have trialled in their own teaching.

o Time » Secveral weeks of student teacher work between lessons
- * Two. 1 hour discussions with mentor

Instructions

Following on dircetly from activity 4.4 this work aims to extend the student
teacher’s professional growth with the compilation of a revised scheme of
work.

* Ask the student teacher to return to the report they produced in
= activity 4.4, and to select from the supplementary materials they have
S gathered suitable activities that might be used in the scheme of work.
*  Preview the revised scheme with the student teacher.
- *  Set a deadline for receipt of the final version of the revised scheme
_" of work.
*  Collect the final version.
B *  Diiscuss the report with the student teacher.

4.5 Revising and Trialling Part of a Scheme of Work

RO

Stdent Teacher's Brief

- Objective

You should produce a revision of part of & scheme of work that you
have trialled in your own teaching,.

Instructions

The work you we to revise here is for a series of about six lessons, say
three week's work with pupils, no more, i

*  From the work carried out in activity 4.4 you should now have
4 comprchensive view of the scheme of work on the topic as
aarried out in your school, togethier with notes on comments on
supplementary activities,

wdJ 71
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s Usc your knowledge. skills and resources to provide an im-
sroved scheme of work. You will need to do the following:
Use the resources in your college library and science area to
find as many activities as you can that relate to the topic.
Include computer assisted learning, videos, worksheets,
slides and pre-recorded audio-tapes. Find SATIS activ-
ities that may be relevant and look through established
schemes pubiished as textbooks (see activities 8.3 and 8.5).
Review these resources and activities.
Look through Science in the National Curriculum, at the
appropriate key stage. to find what might be statutorily
i required.
Sketch out different pathways through the topic in terms of
‘ sub-topics ~ that is what should be taughr first what should
be taught next. and so on. Try to find at least two dif-
ferent starting points, end points and pathways.

Review your pathways through the sub-topics for their
suitability for the pupils. resources and ways of working
in your school.

Start to map your selected pathway through the sub-topics
onto a schedule of lessons in a schemie of work.

Relocate sub-topics whilst you add activities and behavioural
objectives.

Review the scherme of work and again relocate and revise
sub-topics, activities and objectives.

Muap Science in the National Curriculum levels onto activ-
ities where appropriate.

Add suitable assessments at suitable places. For this you
will have to refer back o the original sheets that should
accompany programmes of study in your science depart-
mient.

Review the schemie of work,

e Present your draft scheme to your mentor.

¢ Revise the scheme in the Hight of vour mentor’s comnients.

o I'rial the schemie ot work through teaching the activities in your
‘ lessons.

o Evaluate the lessons and revise the sehieme of work.,
Present the final version to your mentor for discussion,




Chapter 5

Science Investigations

Aims
The aims of this chapter are to help student teachers to:

* become more familiar with the variety of learning opportunitics
offered by imvestigational work in science:

* develop skills and strategies for helping pupils to learn in open
sttuations:

* gain knowledge and skills in analysing investigations so as to plan for
progression and differentiation within a topic:

*  plan strategies for formative assessnient of pupils doing investigations
in topics,

Introduction

Say science lesson® to most people and they would probably think of somie-
thing involving “practical work™. However, as the vears have gone by since
the major curriculum revisions of the 19605 and 19705, the nature and value
of “practical work™ have been examined and questioned. Current curriculum
innovation focuses more on explorations and investigations, These are not
svnonymis, the change of word is important and indicates a more thoughttul
approach to science education. In science education, pupils build knowledge:
they build knowledge about the content of science and about the way in
which science is done. In doing this. they invariably practice the processes of
science (see also Chapter 7). This chapter concentrates on the teacher's role in
setting up. managing and assessing the type of work in science called invest-
tpations. By snvestigations we mican any activity ino which pupils use the
processes of science to build knowledge which is new to them,

v estigations offer puptls an opportunity to be mvolved in the processes
of daing scicnee tor themselves: to combine their theoretical knowledge and
understanding, of science with their practical knowledge and skills. Simon of
al. (1992) identified three phases ininvestigatory work: defining the problem,
choosing 4 methed and arriving at solutions. Aspects of mvestigatory work

-
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can be categorized as being on a spectrum of openness. An understanding of
this idea helps teachers to match investigations to individuals and to groups.
to plan for progression in their teaching and to structure their assessment of
a pupil’s attainment.

Pupils in Year 1 arc perfectly capable of carrying out open-ended invest-
igations. However, their thoughts. actions and products will be differcent
from those of pupils in Year 11. Gradual development of skills and know-
ledge changes the qualitative nature of pupils approaches to investigations. The
descriptions at the ten levels for Sci are best interpreted as an attempt to
provide guidance on the qualitative changes that take place as pupils progress
in’ their investigatory skills. Qualitative changes in pupils’ knowledge and
skills are not to be confused with the openness that teachers build into invest-
igatory work. How a pupil performs, in terms of attainment, depends upon
the pupil. Providing openness in investigatory tasks is. by and large. a pian-
ning. organization and management problem and thus depends on the teacher.

In activity 5.1, investigations which differ in their openness are examined
and the possible learning opportunities in open tasks are explored. In activity
5.2, a variety of techniques for helping pupils to learn in open situations are
introduced. These techniques can be practised by student teachers with small
groups of pupils within a lesson taken by another teacher, or within their own
lessons. In activity 5.3, the focus moves to planning a whole lesson in such
a way that a structure for learning is provided within an open situation. Th
fourth section deals with issues of planning for progression and differentia -
tion. The final section deals with assessment issues in investigations, in par-
ticular planning to maximize formative assessment opportunities through pupils
taking an active part in the assessment process.

5.1a Analysing Investigations for Openness
Mentor's Brief
Objectives = Student teachers should be able to apply the idea of openness

in investigations to analyse activities for pupils in the school’s
programme of study.

Iime I hour for student teachers to read notes and analyse worksheets
for investigatory work
'7. hour discussion with mentor

Instructions

o Ask the student teacher to read the notes about investigations and to
discuss their ideas about openness with you afterwards.,

oY
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Select two practical activities used at your school and ask the student
teacher to analyse them for openncss.

Discuss the student weacher’s analysis and their suggestions for
modifications,

Summary

The discussion at the end of activity 5. 1a should emphasize that investigations
may have different degrees of openness. Making something more open docs
not necessarily make it casier or harder, it just makes it different. The tvpe and
the amount of difference are important and can be helpful in planning. managing
and assessing the investigation.

5.1a  Analysing Investigations for Openness

Student Teacher's Brief

In order to build knowledge. scientists investigate the world, To invest-
igate natural phenomena. pupils use various processes of science. In us-
ing these processes, pupils pass through three phases of an mvestigation:

Detiing the problem
Choosing a method
Arriving at solutions,

Each of these phases can be analysed in terms of their openness. An
understanding of the concept of openness allows vou to plan, manage
and assess investigatory work more effectively. The notes that follow
give advice on how more openness may be introduced into pupils’
investigations at cach ot these phases.

Objective

You should be able to apply the idea of openness in mvestigations to
anabvse activities for pupils in your school's programme of study.

Trsiructions

Read the notes below about myvestigations and about opennese.
Read the analysis of the two sets of myvestigations given after the
notes,

Discuss your understanding of openness with your mentor.
Analyse the practical activities in vour school’s schemes of work
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sclected by your mentor. Decide what it is specifically about
cach investigation that could make it more open or more closed?
Decide how the investigations could be made more open and
what the consequences might be for pupils?

o Discuss this analysis with your mentor.

Notes about OPCHHCSS

Muaking an investigation more closed may make it cither casier or more
difficult: easicr. by requiring pupils to think less (see set 1 of the invest-
igations below), or more ditficult, when it constrains pupils to ideas and
techniques with which they cannot operate (sce sct 2). Open investiga-
tions can be inverpreted in a variety of different ways by pupils. and how
they interpret them will also affect the difficulty of the investigation.

Investigations: Sct 1

1a) Copper sulphate sohttion conducts clectricity. Investigate how the
How of clectricity through the solution is affected by the concentration
of the copper sulphate solution. Set up a circuit a shown m the diagram
using 100 ¢cm® of copper sulphate solution in a 250 cm’ beaker and an
ammeter to measure the current. You are provided with four different
concentrations of copper sulphate (0.01M. 0.05M, 0.1M, 0.5M). which
vou should test i turn.

1b) Copper sulphate solution conducts clectricity. T estigate how the
flow of clectricity through the solution is attected by the coneentration
of the copper sulphate solution,

1¢) Copper sulphate sotution conducts clectricity. Find out the factors
that affect the flow of electricity through a solution of copper sulphate.

Investiations: Set 2

20 The kinetic theory predicts that as the temperature ot a solution 1s
increased the ions will move more rapidly. How do you expect tem-
perature to aftect the Aow of electricity through an ionic solution? Carry
out an myvestigation to test your ideas.

) Investigate the effect of temperature on the rate of fow of current
through an wonic sohtion.

20) Imvestigate thie factors that affect the ow of clectrcity through solu-
tions of salts.

13 YHoes of O e

The degree of openness of an investigation: can: be represented as
position on a spectrm. Ovae might consider three spectia one for cach
phase of mvestigatory work,
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Faure 81 Dogaees of Operness o ovestaar s

Depining the problem

I defining the problem. the openness depertds on the level of prescrip-
tion - the statement of the svestgation. AlL the ins estigations given
above are about the flow of clectricity through ionic solutions. but the
Lactors to be investigated are stated a different levels of speciticity. For
example, ininvestigation 1o the independent variable (concentration
ot copper sulphate) is specitied, and the dependent variable (Row of
current) s measured using an ammieter. Some of the control varjables
are also specitied e the volume of solution and the tvpe of electrodes)
but others are left unspedified. For this investigation, most variables are
therefore specified and some help s given opcrationalizing them,
resdeading how tomeasure or to control them when domg the myes-
trmatton. Hhis investigation lies towards the closed end of the spectrum,
By contrast the varnbles 1o be invesugated are not even specified in
myvestigations foand 20 which both e towards the open end of the
spedatrumm,
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Choosing a method

In « more open investigation, pupils have more choice of method, whereas
in 2 more clused investigation the teacher either tells the pupil what to
do or gives such a limited amount of apparatus that the effect is the
same. Another factor that can influence the variety of methods that are
used is the position of the investigation in relation to other work. If the
pupils have recently carried out some experimental work using electro-
chemical cells. then the methods may already be defined to some degree.
Some teachers have found that existing tasks which are relatively closed
can be opened up by giving pupils a choice of methods. The investigations
in the two sets above are open to some extent in that the pupils have to
make some choices about how to carry out cach investigation.

Arriving at solutions
When considering openness, in terms of solutions to a problem, open in-
vestigations have many acceptable solutions. An acceptable solution is one
that is consistent with the way in which the investigation has been defined
and operationalized. For example, in investigation lc, pupils may reach a
number of different solutions depending on which factors they investi-
gated and how they carried out their investigations. When investigations
are very open there are opportunities to match investigations with pupils’
abilitics and progress. Investigation 2c could be interpreted as a compari-
son between two solutions taken oft the shelf in the laboratory. The
pupils may be interested in discovering whether one solution conducts
better than the other, as indicated by the brightness of a light bulb for
example. Other pupils may carry out quantitative investigations of vari-
ables related to their knowledge and understanding of ions in solutions,
and may cven try to develop a mathematical model of their findings.
Not all investigations need have similar degrees of openness. The
amount of openness appropriate for a particular investigation will depend
on the pupils” past experiences and present needs, and on the aims of a
particular lesson. Investigation 24 has been made more closed by linking
it to ideas of ionic theory, whereas investigation 2¢ does not necess-
arily carry that conceptual demand. Investigation 1a is muade closed by
specifying and operationalizing the variables to be investigated, whereas
investigation 2¢ offers more opportunities for the pupils to formulate
their own questions and methods of investigation.

5.1b  Aims of Investigations

Mentor's Bridf

Objecnre* Student teachers should be able to report on i range of apin-

jons, both pupils” and scienee teachers. on why puptls do mvest-
pations in saence lessons,
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Science Investigations

Titne * 3 hours total for student teacher to talk with science teachers
and pupils as well as to write a brief report
+ '/, hour discussion with mentor

Background

When asked why they included ‘open-ended” work in their curriculum (Simon
et al.. 1992, Chapter 2), most teachers gave affective reasons, such as to give
the initiative to students, to motivate them and to encourage enjoyment. A
much smaller number emphasized developing skills and processes. and fewer
than 10 per cent emphasized conceptual development. Lack of clarity in the
aims, and in particular the low emphasis on developing knowledge. cognitive
and muanipulative skills and processes were identified as major weaknesses in
many lessons involving investigations.

Instructions

* The student teacher will need to talk members of the science depart-
ment about the aims of investigations.,

*  He or she will also need to talk with some pupils about their ideas on
why there are investigations in their science course.

¢ Ask the student teacher to write a brief report on his or her findings.

*  Discuss the student teacher's findings with him or her.

Discussion points

Pupils” responses are likely to be related to particular investigations that they
remember, Only exceptional pupils will have the overview that the teacher
has. and therefore rarely do pupils think about general features of investiga-
tons. The average pupil'’s strategies are ones of remarking on the “trees” rather
than secing the “wood”,

When asked about what they are learming in investigation Le (in activity
5 1) many pupils will say that itis to find out what factors afteet the conduct-
ivity of copper sulphate solution. Whilst this is the purpose of the investigation,
ttis not the purpose of the learning activity: its purpose may be in the skitls
and processes of setting up an investigation. The pupils will not see the edu-
cational purpose of the investigation unless thic is made clear to them. It is
theretore important that student teachers are clear on the purpose of a learning
actiaty mvolving an investigation and that they communicate tus to the pupik.

5.1b  Aims of Investigations
Stdent Feacher's Biict

( ”‘Il ot

You sheuld be able to report onannge of opmons, both pupik™ and
sacnee teacherss onowhn pupils do s estiganions i seience leswons,
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[nstructions

o Talk to members of the science department about reasons for
; doing investigations. Note down what they say.
Analyse the frequency of their responses for the categories out- |
lined below: *
To gain knowledge and understanding by exploring phe-
nomena through scientific investigations.
To give students insight into how scientific knowledge is
created. -
To use existing knowledge to raise questions and formulate
investigations.
To develop practical skills and systematic procedures for
carrying out investigations.
To use initiative to make decisions.,
To provide motiv ation.and enjoyment.
Oxther.
o Observe a lesson during which pupils are carrying out an invest-
igation.
Whilst they are carrying out the investigation, ask some of
them what they think they are learning through doing the
inyestigation.
Yo the pupils have the same pereeptions about the aims of the
activity as the teacher?
o Write a brief report on vour findings. In your report consider
the following:
What are the main reasons for deing investigations in your
school?
Do you agree with this eniphasis?
Are there any learning outcomes that you think are under-
eniphasized?
What do pupil, think they are learning in investigations?
Reflexively, how much has this activity of surveying opin-
Jons on aims of myestigations been an open investigation?
o Discuss vour report with your mentor,

5.2 Techniques for Guiding Pupils in Open Investigations
Moewtor's Brict
Obpcrre o Stadent teachiers should be able to use two different techmiques

for helpmg puptls with then mvestigations,

R o 2 hours plannmg, team-teaching and writmg o briet report
o/ hour discusston with the chiss teacher and mentor

il
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Background

The techniques suggested here provide ways of making public, and sharing,
pupils’ perceptions of their investigatory work. This will allow the teacher to
probe why pupils are choosing to proceed in particular ways. This helps
pupils think about their own thinking. The techniques are drawn form the
work of the OPENS project (Simon, 1992) which looked critically at teachers’
strategies for developing pupils™ investigations.

Instructions

Direct the student teacher to lessons where investigatory work will be
carried out in the near future. Brief colleagues as appropriate.
Direct the student teacher to the notes on techniques for guiding pupits
in investigations.,

Arrange to discuss the lessons and the student teacher’s brief report
with the class teacher.

Discussion pornts

Using techniques to guide pupils in open-ended investigations is not the same
as making the investigation more closed. Useful guiding techniques will focus
the pupils” attention on the processes they must pursue and thereby provide
them with structured help in those processes. This is not the same as telling
the pupils the answer,

Asking pupils if they have planned o fair test is not the same as telling
them which variable to control. Similarly a.king pupils if they have consid-
cred how te record their data is not the same as telling them which table to
use for their results and asking pupils if they have linked their conclusions to
their results is not showing them how to carry out an analvsis, What cach of
these have in common is the deliberate attempt to refer pupils to the processes
of science so as to help them become more aware of how they operate those
processes. These processes will need earlier llustration in- other fess open
practical activities where teachers refer to what is happening m termes ot sci-
entific method,

5.2 Techniques for Guiding Pupils in Open
Investigations

Stedent Peacher's Toief

This activity gives vou an opportunity to use two different echmgues
tor helpmg pupils with ther investigations, The activity s designed o
be carried out as part of a1 lesson you e ame-teachimg, with another

&
JJ
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| teacher. You will have to do some preliminary planning with the class™s
b teacher.
|

Instructions

Discuss with your mentor in which lessons you might tcam-
teach investigatory work,

Read the notes below on techniques for helping pupils in
investigations. '

Discuss with the class's teacher how you might collaborate in
tcam-teaching.

Prepare your part of the lesson.

Team-teach the lesson.

Write a brief summary report.

Discuss the report with the class teacher and your mentor.

Notes on techniques for guiding pupils in fHresti¢ations

The techniques suggested below are designed to help pupils to carry
out their own investigations. The main idea is to provide a structure to
help pupils to work in an open situation without telling them what to
do. The technigues tocus on

o using a thinking schedule with pupils
e using variables tables.

Technigue 1 Using a thinking schedule with pupils

The schedule below is designed to elicit how the pupils are going about
doing the inyvestigation. It can be given to the pupils at the beginning of
the mvestigation. It does not tell pupils what to do, but provides the
teacher with mformation about how they are tackling the investigation.
As the teacher circulates around the class during the investigation, the
responses to the thinking schedule provide a focas for discussion between
the teacher and the pupils,

Thinking schedule for pupils

My question about s/ What 1 am gomg to tind out
I~

What 1 already know about this

What T think will happen

1 think this will happen because

Fhe cqupment 1 need s (draw the equipment it voun ssant o)
Do need to make a fair test?

Why | need to make a fair-test

Il nuabhe my test fair by

Q Sl‘;
ER]
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9. What happened during my experiment:
10, Is it ditterent from what | thought would happen?
11 What haie I found that 1 did not know before?

Dcpinting the prohlem '
It is important to clarify what investigation the pupils are actually carry-
ing out. and what skills. processes. knowledge and understanding, they
being to their investigations. Pupils often reformulate investigations
in ways which are difterent from how the teacher intended but which
nevertheless still provide valuable learning experiences. |
Use the pupils’ responses to 1-4 to clarify how the pupils have un-
derstood the investigation. Try to establish what variables they consider |
to be important. how they are going to control or micasure them. and
why they are planning the investigation in this way. Pupils often have
an expectation of what will happen when they carry out their investi-
gatton. Pupils’ expectations also determine what they observe and how
they undertake the activity. Asking the pupils what they think will happen
and why. will encourage them to focus on predictions and may abso help |
them to hypothesize. |

Choosing a methed

Use the answers to points 3-8 to focus on whether appropriate proced-
ures such as “fair-testing” are being used. Explore whether the pupils
have identified the important variables to control. They should be able ]
to justity why seme factors need to be controtled and others not. Often
when pupils try to put their plans into action they need to modity them
in response to their trials. Find out in what ways the pupils think their
technigues are inadequate and what could be done to improve them.
Check that what they are doing enables them to answer the questions
that the investigation is about. Ask them whether they think it does.

Finding solutions
Thinking about what they have done and why helps pupils to become
more aware ot the processes that they have gone through in the invest-
igation. It also helps them to develop systematic procedures that can be
applied to other investigations and reintorees their conceptual fearning.
Use the responses to points Y=11 to tind out what pupils have learnt
about strategies for nvestigation and how they could improve their
caperimental design. Find out what new knowledge and understanding
they have gained., , |
j

sCecmigue 20 Uaing variables tables

Another simple technigue for gaming insight into pupils” understand-
g of the investigation s to use a pupil-designed variables table. Pupils
are given a blank table without any headings, The table can be aintro-
duced in a4 whole class discussion about the variables involved in the

PAFullToxt Provided by ERIC
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investigation. Pupils are asked to identify the key variables relevant to
their investigation and to write a list of these. The pupils can then choose
one variable as the independent variable: identify the variable that they
will measure, the depeadent varable: and place this in the last column of
the table. All the other variables that might affect the dependent variable
are placed as headings to the other colunims. An example of a variables
table for the following investigation is shown.

This table is taken from investigatory work into whether copper
sulphate solution conducts clectricity. Pupils were asked to complete a
table to show how they would systematically change the factors they
thought might attect the fow of clectricity through a solution of copper
sulphate.

e H T A pdrray JOrDeed vaap e fabe
Concentiaton of Temperatse of Depth ot Filow of
coope” suiphate sotution 1 Oy eectrodes G eiectiely

S Gaton

01N 20 4

0 08M 20 4
0 0.4 40 4

QOIN 40 4

The table shows that the pupils are changing two varables at the same
time fthe independent variables) and this makes it impossible to know
whiether the concentration or temperature are having an ettect. It also
shows what the pupils think are the important variables to control: the
depth of the electrodes has been controlled, but trom this table it doesn't
seemt as 1f the distance between electrodes has been controlled. Tables
such as this aid pupils in planning ther investigation by focusing their
attention o the systematic control of variables through the simple
expedient of being systematic in quantifving them. The tables also make
the puptls” thinking more obvious to the teacher.

Fither ask the teacher who is running the lesson to introduce the
variables table to pupils in the introduction to the Tesson, or work with
snwall groups getting them to draw up their own, Use the table as 4
tocus for identitving keyv variables and how they are to be measured or
controlled in the mvestigation,

5.3 Structuring Investigation Lessons
Meater'™s By

Obyccure 0 Student teachers should be able to plan. orgamze and nuanage
fessons wath structured sequences of activities for puptls’ mvest-
120001,

Yo
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Time o Several hours for the student teacher to read the notes. plan an
: mvestigation and trial it with a class
e /s hour discussion with mentor

Background

Allowing pupils a totally free hand for their investigations courts disaster. The
main emphasis of this section is that pupils need a series of structured activities
by which they can advance their investigation. Substantial amounts of time
need o be devoted to teacher-organized thinking. discussion and writing,
Practical activity is only one part of the whale. To promote that thinking and
discussion, student teachers need to plan investigation lessons involving pupil
activities such as whote class and small group discussion, writing and reading.

Instinctions

o Instruct the student teacher to read the notes in activity 5.3,

o Sclect a suitable Tesson in which the student teacher can oy out thic
investigation structure.

e The student teacher plans the lesson.

o Dincuss it before the student teacher carries 1t out.

o Observe the lesson. Keep a note of the time spent on ditterent pares
of the Tesson and the main focus of pupil discussions.

o Discuss the lesson with the student teacher.

Discussion points

Alternative strategies for getting pupils to discuss ideas at the begimnimg and
end of lessons nught include the following:

e At the beginnmg of the lesson:
Use of thinking scheduales and variables tables Gactivity 5.2).
Brainstorming in groups of five or six.
Not allowing pupils to start practical work until they have selected
apparatus and can explain how they will use it
Plannimg in one lesson and carrying out the plan in the next.
o At the end of the tesson:
Class discussion of posters of findings.
Use of thinking schedules, and discusston in small groups tactivity

5.0,

5.3 Structuring Investigation Lessons
Student L eachoy's Buet

Fhe thiee phases of anmvestgation, defimmg a problem choosmg a
method and tindmg solutions, must be realized i the clisstoom through

UJ
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science teachers planning appropriate activities tor pupils that will take
them through the three phases. This might occur in one lesson but it is
more likely that the work will extend across several lessons.,

Objective

You should be able to plan, organize and manage lessons with struce-
tured sequences of pupil activities for investigations,

Instructions

Read the notes and case-study below

Usce the lesson structure outlined in the notes for investigations
to plan a lesson or short series of lessons involving an investiga-
tion.

Teach the lTessonds,

Discuss the lesson/s with vour mientor,

Notes on sthctining nvestigation lessons

The Tesson structure below is destgned to involve papils in actively
thinkimg about what they are doing. It is designed to promote engage-
mient of puptls” knowledge. their cognitive and manipulative skills and
their investigative strategies. A lesson structure that aims to promote
active mental engagement ininvestigations should motivate pupils. pro-
vide pertods of time when pupils think about strategies being used in the
imvestigation and give them time to reflect on what thev Vove fearnt. A
isetul structure consists of five activities for pups! A notice that
only a small part of the time may be spent in pracacat work:

*  tocusing - thinking about a demonstration and
discussing ideas
exploring discussing, writing and doing a practical
reporting ~= discussing and writing
consolidating. ~- discussing
applving - domg practical, writing or discussing,

Case-study: Investigadon of Suitable Materials
for a Lab-coat

Year 10 pupils

Feachers and puptis were generally not tamihar with mvestigations, bt
had done v preparatory lesson on fair testing. Fhe anm of the investiga-
fron wias to develop puptls™ ideas of far-testing.,

PAFulToxt Provided by ERIC
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Focusing activities

The investigation was introduced towards the end of a topic on mate-
rials. The teacher came into the laboratory in an old lab-coat with holes
and stains in it. She led a class discussion about the purposes of a lab-
coat and then organized the pupils into groups of about four or five to
muake a hist of all the features that they thought were important in a lab-
coat. She collected the ideas of the pupils on the board and then intro-
duced the pupils to the investigation: which of the materials provided
was the best for a lab-coat? The pupils then had to identity the factors
that were related to the problem and to choose the one that they thought
Was most important to investigate.

Exploning activities

The pupils were helped to reformulate some of their ideas into appro-
priate investigations. Some iny estigated the lammuability of materials,
others chemical resistance and others strength. They planned how they

would carry out a fair test. made some initial trials and then made o
more detailed plan which they carried out the next lesson. Next lesson
the large groups divided mto two to carry out their investigations.

Reporting activities

After the puptls had recorded ther results, cach group was asked to
report what they had found out and how they had carnied out the invest-
igation. The conclusions were tabulated on the board. Different groups
had reached difterent conclusions and the pupils were encouraged to
discuss one another's conclusions with respect to both the strategies used
m the investigations and the function of the material in 4 lab-coat. This
led into the consolidating phase.

Consolidating activities
I'he discussion focused on the main aim of the lesson: fair testing. In

order to make decisions about fair testing, pupils had to draw on concepts

auch as the effect of surface area or concentration on rate of reaction,
After the discusston, the pupils were asked to complete their thinking,
schedules.

Applyme stage

The teacher drew on the ideas developed about fair-testing in later topices
and used the ideas about rates of reactions when mtroduding o topie
sbout rates later i the vear. An alternat ¢ strategy could have been to
et 4 homework which required pupils to apphy the ddeas frome this
imvestigation - a difterent contest.
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5.4 Pupils’ development of Investigational Skills
Mentor’s Brief

Objeaires+ - Student teachers should be able to interpret and apply criteria
for difterent levels of pupil development m investigations.

3 hours tor the student teacher to read the myvestigations and
compile a report
I hour discussion with mentor

Background

Lhe descriptions of the ten levels of development for investigational skills
m Science in the National Curriculum reguire interpretation for personal
application. It 1s not immediately obvious what a given level of performance
would look like when translated into the context of @ particular investigation:
1t requires expericnee and judgment to carry out che translation. Student teachers
can be helped to develop that experience and judgment by going through a
sifting and sorting exercise so as to compare their intuitive judgments against
the descriptions given in Science m the National Curriculum. Through this
experience of looking for similarities and differences. student teachers can
then tune their judgments to the levels of development in Science in the
National Curerculum.

ITnstinctions

Provide the student teacher with copies of the ins estigations of at least
one class of pupils. Te will be aseful to have more than one investiga-
tion across difterent vears 1f possible, ideally Year 7 and Year 11, so
as to see progression between cohorts as well as differentiation withm
1 cohort.

Ask the student teacher to write a brict report on the varation m the
pupth™ mvestigations usimy the level deseriptions for Scl as a puide.

e Iascuss the report with the student teacher.

Diccssion pornts

o carry out nvestigations, puptls will need 1o use ther knowledge and
commtine processes. Uhese developand change as pupils have more and wider

experience usaence cducation, e, there is progression, Performance on ans
one v estigten requites - combimation of content hnowledpe and proces
shillse This mtmate nus ot content and process makes the estnnation of any one
puptl’s level of deselopment from asingle mvestigation of dubious rehabihiy
A more rehable assessment of any one pupil’s Tevel of development can be
obtined Dy looknge ata puptl’s pertornnuice actoss several myestigations.,

i
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5.4 Pupils’ Development of Investigational Skills
vdent Teacher's Buier

Pupils make progress in ther knowledsre and cognitive skills during the
time of their compulsory schoohng: he product ot a Year 7 pupil will
not be the same as that ot pupil in Year 11 Ininvestigatory work in
wience there is progress i pupils” pertormances and this progress can be
characterized in different wavs. The ten level seale of the National Cur-
rrculum s one way of attempting to characterize this pupil progress.

( )I'f(‘( e

Y ou should be able to mterpret and apply criterna tor ditterent levels ot
[
pupll~ development momvestigations,

L tudions

o Colleet together puptls” reports on their mvestigations that are
provided by vour mentor. Fake them toaroom where vou cmn
spread them out ona beneh.

o Sitt through the reports and see what ditferences you notice.
s s o nnatter of Tooking tor difterentiated outcomes. Took tor
qualitatively ditterent features, Write deseriptions ot these tea-
tures m the pupily’ mvestigations,

o Constder vour descriptions and deade if they canbe rationalized
mto 1 sumpler scheme that reflects some progression m pupily’
mestigational skills, Rearrange vour deseriptions nito a simpler
schemie 1 possible,

o Sitt and sort through the teports again. For one ot the descriptions
arrange the pupils” reports ona beneh in order of progression.
Samiple adpacent reports and move them e other plices m the
sequence 11 vou change your judement. Make a note ot the final
order vou settle on,

e Turn to the descriptions of the ten levels ot development for
mestigations mScience m-the Natonal Carrealum. Fid de-
seriptions that reffect your carent coneern. Read through them
caetully.

o Return to the pupls” myestiwation reperts lad out on the beneh,
Use the descrptions of the Tevels o development tronn Saence
m the Nattomal Carrrenlum to relovate the pupils’ investiga-
Hons mte 4 sequence that reflects the progresston m the levels
of developnient. Note down this order.

o Compare the fust ordenmg of pupthymmvestigatens, accordimg

NY

1tuo




Leaming to each Science

to the qualitative ditterences that you first noticed. with the order
produced in considering the levels of development m Scienee in
the National Curriculum. Find the work of pupils that occupy
ditterent places in the two sequences Re-read the pupils’ work
and reconsider your judgment. Make a note of why there was a
ditterence.

Repeat this exercise with other qualitative ditierences that you
tirst noticed.

Write a briet report on assessing the level of deselopment of a
pupil’s investigation,

Discuss vour report with vour mentor.

5.5 Raising Pupil Performance on Investigations
Mentor's Brief

Objective+ - Student teachers should be able to use the technigue of shared
muarking standards with pupils <o as to raise the level of their
perfornance on investigations.,

Tisne 4 hours for student teacher markimg pupils’ iy estigations, writ-
mg annotated version ot the myestigation and working with the
class
I houwr discussion with mentor

Backeround

Pupils can improve their performance when they know what they are ex-
pected to achieve. Inthe whirl of practical activity and investigations, student
teachers can sometimes fail to articulate publicly what they think privately and
the pupils are left to guess. This activity is intended to provide the student
teacher with a pupil activity that pubiicly rehearses the standards to be at-
tained. This concern is paralleled m other activites: activity 9.4, on cognitive
development. and 9.5, on difterentiation. are concerned with raising levels of

pupils’ performance. Activity 104, which encourages pupils to write ther own
questions. involves sharmg assessiment enteriaand judgments with pupils.

Iastructions

* Drsass sath the stdent teacher which dass and which mvestization
would be appropriate for this acuvaty.,

¢ Review the student teacher’s fesson preparation and annotated account
ot the investigation betore the fesson,

l 1u4
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Scicnce [nrestigations

Team-teach the feedback activiey with the student teacher taking the
fead role.
e Discuss the lesson with the student teacher.

Ihscussion points

Reliability of marking will be one ot the issues which is likely to emerge with
the pupils. This is ditficult for pupils to grasp and they may need reassurance
from vou in order to aceept that uncertainty in assessment is natural and not
just the “fault” of an inexperienced student teacher. With the student teacher.
decide what should be done to build upon this work,

5.5 Raising Pupil Performance on Investigations
Student Teacher's Brief

Marks or grades given on pertformance provide pupils with an indi-
catton of how well they are wring with respect to the standards set by
the assessor or marker. Howe cer, the marker’s standards are not auto-
natically transterred to the pupil upon receipt of their marks. The pupils

only know that they have not reached the maximum level expected. The
pupils alse need to know what the maximum level Tooks bhe interms
of ther expected behavicur and output. To transfer this knowledge to
the pupils requires a deliberate sharmy, ot standards between pupits and
teacher. One way of achieving this is to get the pupils to mark their own
work so they can compare the marks they would have given themselves
with the marks the teacher gives then.

Objectine

You should be able o use the technique of sharmg, markimg, standards
with e pils soas to rase the level of ther performance on iy estigations.

Iistictions

Dyiscuss.with your mentor the boest e to work with puptls
whao have qust done and written up an myestigation,

Mark their work but keep separate notes of vour deastons: do
not write on the pupils’ books.

Wirte your onnaceount ot the iy estigation and add some com-
ments abant the matking.

Phe worksheet for puptls, “FHeating saucepan myvestigation” shown be-
Tow . was written by adapting the wntten account of one pupit to bring

A iy
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out some Key points in order to take other pupils a little turther in their
i estigating, For example. the two salues of temperaiure were adjusted
to be shghtly difterent so as to give an opportunity to discuss the sig-
niftcance of snall ditferences and the necessity to repeat readings in
order to check on rehabilicy.

*  Before giving back the pupils” accounts. give out vour own
account and discuss the marking wach the pupils. With the
example shown below. the pupils had their own version of the
natonal curriculum and were able to cheek the marking deci-
stons against what their version said.

Return the pupils” accounts and ask them o mark their own
work in the same wav. You could ask them o do this in pairs
and to cheek ther deasions with cach other.

When they have done this, vou may tell the pupils the nark or
level which you gave to ther work: indeed. the pupils will prob-
ablv sk tor ite There will be some ditferences ot opimon and
these provide the key learning experience for the pupils as they
re-adjust their perceptions of what it s they must do to achieve
a goed mark,

o Discuss vour experiences with vour mentor.

Somwe ot the differences in marking can be accounted for by explaiming

that y ca teok mto account not only what the pupils had written but also
what you saw them do and heard them sav as they were domg the
nvestigation. This can be rewarding tor those who worked well but
did not manage to put it all down on paper. It van be a salutary lesson
for those who messed about or copied from ther parener durmg, the
mvestigation, particularls it vou had occasion to speak to them about 1t
at the trmes You can rennd theme of this when yvou tell thenr the mark
er level vou have given them.

You should explam to the pupils that the mark which will be used
for reportig purposes at the end of the sear will be arrmved at by con-
sideration ot all the mvestigations wiieh they have dones This provides
an oppertumty to deal with some issues of reluability. The pupils will
know that they do hetter on some occastons than on others and niost
ot tham will aceept the need to use the results of several myvestigations
e order to smooth out thew fluctuations i pertornumee.

1t will be too tmme-consummg to do thas kind of analvsis sith every
mvestigation the puptls dog but vou should deot at Teast twice moa term
ard vou shiculd encourage the pupils oo dooae tor themselves at other
tunes. You should explam to the pupils that they should alwass look at
wavs of mmproving thenr onn work, When they do ther nest mvest-
ization, renvnd them ot swhae they did st e and el them 1o do gt
AR
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Heating Sauccpan Investigation

The Investigation
The problem
Wil water boil in o contamer at 4 higher
temperature with the hd on than with the hd
uft:

Hypothesis

I think the water will borl ac o higher
temperature with the Hd on because the hid
will prevent joss of heat by comvection,

Plan

Use two beakers wineh are the same.

Put the same amount of water m cach,

Put a hd on one beaker. hoil the water and
take the temperatare.,

[ cave the hid oft the other beaker, use the
e Bursen Bame. borl the water and take
the temperature.

Apparatus needed

2 heakers Fnpaed
[hermometer Wire gauze
Bunsen burner Heat-proot” muat
Cardboard 1o make hd tor beaker

Fye wogales

The investigation
did the mvestigation as descnbed me the plan,
I made a hole i the cadboard lid <o that 1

Sddence Invesngations

Comments
PLANNING

The problem is
posed in the form of
a question. At the
end [ should be able
TO SCC MY answer to
the question.

Hypothesis: | can
say what nught
fuppen and give a
seientific reason.,
(level 3y 161 did not
QILC Tedson, it
would be a
predicton, not

hy pothesis, Nt
enoagh in this
myestigation to
inake it Tevel .
Plan: Usmy the
samie beakers, same
anount of water
and same Bunsen
Hame makes any
compare on between
the beakers fair.
thevel ®

Apparatus chosen.
(Provided the
apparatus s used
property and
accurate readimes
taken. this will be
Level 3

't RFORMING

More mtormation s
needed about how
the same amount of

2 U
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The Investigation
(cont.)
could put the thermometer in. 1 let the water
boil for about 1 minute before taking the
temperature.

The results were:

I emperature '
99.5°C
99.0°C

With lid
Without lid

Conclusions

I think there is no real difterence in the
readings, therefore the temperature is not
higher with the lid on.

It there is a difterence, 1t seems to be very
small so I should have taken more readings
over a longer period of time,

I have since found out that the temperature
of boiling water will increase if the pressure
increases — as in a4 pressure cooker. The hid
on the beaker did not keep the steam in and
so the pressure did not increase. The lid on a
real saucepan might be heavy and a better fit

so the temperature might be higher with the

lid on.

Comments

(cont.)
water was measured,
what size beakers
were used. and how
much wWater was put
in them., This is
about Level 4 at the
moment.
Used the apparatus
correctly (Level 4) ‘
and made accurate
readings (Level 5/6).

INTERPRETING AND
EVALUATING

The conclusion links
the results to the
original question.
(Level 4

There is a good
cvaluation of the
investigation. A
suggestion is made
about how to
improve the
mvestigation,

There iy a link 10
other science, i.c.
pressure and
temperature. (Level
6H)
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Chapter 6

Communicating Science

Aim

[ carning science involves learning the languages of science. Scientists listen to
cach other. speak., read and write to cach other. They also communicate ideas
m pictorial and diagrammatic form, tables and graphs. It is.casy to appreciate
that 4 language of words has a grammar and vocabulary and that specialist
ficlds, like science, have ways of using language that are peculiar to them-
selves, Tt is less obvious that there is 4 vocabulary and grammar of graphs and
drawings. One has to learn to ‘read’, as well as learn how to “write’, drawings
and graphs. This is particularly true in some branches of science with their
idiosvieratic diagrammatic conventions, Student teachers can forget this and
may see drawings as being self-explanatory. After all we often turn to diagrams
when words £ail us. The aim of this chapter is to help student teachers:

+ to recognize the important different modes of communication in the
learning of science:

e to monitor their own communications in the classroony;

o to increase their effective use of communication skills.

Introduction

How do you get to know what is in someone che’s mind? The choice of
drategies to obtain this information is rather limited. You can ask them to
do something. to tell you something, to write it down or to draw a diagram.
Science education makes use of all these modes. We ask pupils to do experi-
ments, we discuss ideas with them and give them texts to read that include
tables, charts and diagrams. We ask pupils to write and to draw their own ideas.

By ashig pupils to tell us what they mean, to write it out in their own
words, or to show us in a diagram, we are attempting to get the pupils to
make public what is otherwise private. Only when the ideas are public can
teachers then start to think more caretully about how they can help pupils
develop ther mental models for the natural phenomena being studied. The
use of the term ehicrtation” might be preferred over the use of the word
‘questioning” - this context. Science teachers need to elicit: to get pupils to
make their wdeas public. Public ideas can be shared and discussed, agreed.
amended or abandoned

Tuo
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Effective communication is a two-way street. This is true for communi-
cation i science education too. Just as teachers need to find out what pupils
think so. too, pupils need to find out what science teachers, or scientists.
thik. Science teachers have a professional responsibility to ‘monitor their cwn
communication skilly and to improve them consciously and deliberately,
Activity 6.1 starts with boardwork: student teachers are asked to use the
chalkboard. or whiteboard. and to practise their board skills. both diagram-
matic and written. It is important they do this in advance of team-teaching
parts of tessons when they will already need to have some basic skill, Student
teachers” oral presentations are no less important than their use of the board.
These are abso touched on inactivity 4.3, "Explanation at the board/OHP".

Activity 6.2 focuses on aural/oral work and discussion. The emphasis is
on discussion and the elicitation of pupils” ideas. There are techniques. associated
with managing @ whole class discussion, that may traditionally have fallen
under the heading of "questioning techniques’. Much of the advice given under
that headmg is still very relevant. Here, with the emphasts on elicitation rather
than questioning. the purpose of sharing ot mental models is stronger than the
purpose of finding out if the pupils know the “right” answer.

Textual materials can torm a substantial part of the resource teachers
drasw upon mn helping pupils learn science. Activity 6,34 is concerned with
reflecting on sach materials and their use with different groups of pupils.
Writmg is undoubtedly more ditficult than reading. An advantage of the written
over the spoken s that pupils can review. evaluate and reform their written
work betore deciding that the tinal text is a correct account of their thoughts,
With activity 6.3b. student teachers are invited to increase the range of writing
tasks they set puptls. This will involve familiarization with a short menu of
ditferent styles ot writing task and student teachers should use these ditterent
forms for pupil” writing activities, so thev can evaluate how successtul they
muay be i ditferent contexts.

Activity 6.4 focuses on communication in forms other than text. Graph-
ical. pictorial and numerical data are considered. The activity involves shar-
mg pereeptions of the student teacher’s behaviour between the student teacher
and an observer, These observations can be structured by using the suggested
msentories,

I activity 6.5, Student teachers are asked to prepare written resources
for use with pupils, This s an opportumty to draw together 1 wide range of
ditferent bits of knowledge and skill and should be incorporated into activity
4.5

6.1 Boardwork
Mewter's Bt

Objeciee o The student teacher should be able to use the board to muaxt-

nane etfect.
1.4
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Time o When rooms are free and student teachers can practice.

Background

Good boardwork is one of the hallmarks of a good teacher. This is prob-
ably because the orderly mind of the good teacher is given expression in the
orderly state of their boardwork. There may be a reflexive cause and effect
in that trving to produce good boardwork will force the student teachers to
order their thoughts and activities.

[nctructions

o Suggest to the student teachers 4 topic that is imminent in the pro-
gramie of study.

o Tell them to practise both diagrams and text at a chaikboard or
whiteboard. They should use rooms that are free, or work before or
at the end of the school day or durmg lunch.

o After a few davs ask them to show you their boardwork.,

o Be prepared to otter feedback and advice.

Divassion points

Using different media requires diftferent approaches. The chatkboard, or
whiteboard. is not the same as the OHP or printed page. OHP work requires
its own technigues that are not simple extensions of boardwork. This warn-
ing 1s important. Generally people abuse the OHP by writing too much, in
too small 4 hand. thereby negating one of the significant advantages of the
OHP: the opportunity to change from one OHT to the nextinstantly. Word-
processed O TS are best kept to seven hnes of text all at Teast ot 24 pomnt
Tunes bold. Anything smaller is unreadable. 1t is an insult to the pupils to
v, TRnow you can't read this but ... The general rule is that if it can’t be
read from the back of the room don’t use i, OHTs can be used etfectively to
present information that s nested: where the first OHT displays the major
headings that are then discussed mdetal maseries of subsequent O . The
first. OUFT can be returned to at regular mtervals 1o act as a4 signpost for
progress through the presentation. OHTs can be prepared inadvance. Good
boardw ork s more demandimg on performance skills,

6.1 Boardwork

Stdent Teacher's By

Get to hnow vour board: 1t s vour most vatuable ool fewalb enable vou
to make the most comples topic simple, Phank out vour boardwork m
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adrvance. With the board vou can structure the pupils” concepts as vou
structure your presentation with headings, sub-headings. asides and illus-
trations. With the chalkboard you can start a lessen quictly even though
the pupils have come in all hot and Austered from games, dance or
drama. The chalkboard will enable vou to bring the Tesson to a timely
and orderly close as pupils copy down a summary for. “What we have
done today™ and their homework,

( )(’_lt':'!h'('
*  You should be able to use the board to maximum effect.

Instructions

* Your nientor wili suggest o topic that you can work onin terms
of boardwork.

*  Whenever vou have some free time, between lesson observation
sessions, at the end of the school dav, find a free room and
practise vour boardwork.,

*Start with written text. Adopt a stvle that vou are comfortable
with.

* Gotothe furthest point m the room and check that pupils sitting
at that point will be able to read your writing. Do this swhen vou
are workimg with the pupils too,

Generally stadent teachers make the mistake of writing with too
smalla hand and writing too muach on the board at any one time,

o When you have a hand that can be read from all points in the
room turn your attention to the lavout of what vou are writing;
Consider how best to use headings and sub-headings.
Which information could go in boxes tor highlighting,.
It you have a wide board should vou write in columns?
How many?

* Consider the possibility of partitioning the board so vou have a
seetion for text to be copied as best and a section for developmg
discussion points that arse,

o Getinto the habit of going to the back of the room when one
frame of work has been completed. This 1s a tme when pupils
will be copyving and vou can cheek on what they can see, 1t also
helps to pace the activity by not moving, on too rapidly.

* Fromthe same topies pick a dagram that vou muay wish to have
on the board. Draw it up on the board.
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Again go to the back ot the room to see how it looks from there.
Think about the use of:

colour

labelling

Livout and design.
When pupils are copying from the board and you have finished
writing. do not tatk unt! they have finished copying.

6.2a Eliciting Pupils’ Ideas
Mentor's Brief

Objeaive « Student teachers should have the skill - help pupils articulate
their ideas whilst they are doing practical activities,

/, hour tor student teacher reading. one lesson in which to carry
out the activity, plus about /s Tiour for discussion with class
teacher

7. hour discussion with mentor,

Background

Questionimg, 4 snwall group of pupils is less stressful than working with the
whole class, where classroom management can get in the way ot developing
cffective questioning. Team-teaching whaole class practicals provides an excetlent
opportunity for student teachers to gain skitls and confidence in cliciting pupils’
ideas about what they are doing and why. In this activity student teachers
need to pay caretul attention to their own forms of words and how to muake
clicitations more open. Such an actvity can also be salutary. Itis casy to allow
pupils to be active in the sense that they are doing things. but nevertheless tor
little learning about scientitic coneepts to be taking place.

Irstiuctions

Select a lesson in wlich the student teacher will be able to team-teach
and work with a small group of pupils who will be dong practical
work.

I his activity should be carvred out me conpuncoon with activity <8.2b,
‘Class practicals”

Arrange tor the student teacher to discass the plan of the lesson wath
the teacher.

lyo




Learmng 1o Teach Saenee

Help the student teacher to plan suitable questions to ask pupils dur-
ing the practical activity.

Arrange for the student teacher to share pereeptions of the pupils’
ideas with the teacher.

Discuss the student teacher’s gquestions and how they might be
modified.

Divcission points

Getting pupils to explain their ideas can be vary difheult tor student teachers.
The emphasis of vour discussions with the student teacher should be on the
torm ot question that enables the focus of pupil talk to move trom describing
what they are doing. to explaming: and trom monitoring the practical activity
to developing pupils” scientific thinking,.

6.2a Eliciting Pupils’ Ideas
Student Peacher's Bricf
Science practical activities may mvolve the tollowing stages:

Proposimg a hy pothesis. or asking questions,

Making a plan to address the Tispothesis or questions,

Putting the plan mto practice by making measurements or
observations.,

Recording the measuremients or observations,

Muanipulating the data collecting to reach a concluston.
Fraluatmg the adeguacy of the experiment.

Ortten practical activities are relatively closed and the teacher has made
decistons about what toinvestigate and how. This does not mean that
the practical activities cease to be problemate for the pupils. For the
activities to have meanmg. pupils need to know why they are carrving
out the practical actvity i that way,

Y our role in the team-teachmg will be to work with groups and to
askh questions which enable you to cheit the pupils” ideas about the practical
activity . You will need to find forms ot words that will encourage pupils
to articulate their wdeas. The example below illustrates the types of ques-
trons that can be asked at difterent stages ot practucal activity,

( )[‘lu[ll'l

Y ou shoutd Tave the shills to help pupils wtculate ther ideas whilst
they are domg practical activaties.

1)

1.;

\)
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Instrictions

Read through the example befow,

Find out from the teacher what the practical activiey will be.
Ask the teacher to suggest two rather ditterent groups to work
with.

In the practical part of the lesson ask groups of pupils for their
ideas.

Work back and torth between the groups svstematically.
tmmediately atter the lesson. try to write a deseription of two of
the groups that vou have talked to. sumnarizing their main ideas
at the difterent stages of the practical activity.

Discuss vour perceptions of the pupils™ ideas of the practical
activity with the teacher who took the fesson.

Discuss with yvour mentor how vou could modity vour gues-
tons to help pupils develop their ideas. .

nanple

A practical activity often carried out by pupils m Year 8 involves heating
avariety of substances and noting whether they change permanently .
change temporartly or do not change at all, The main idea of the activity
is to introduce pupils to physical and chenneal change. The sorts of
questions that the teacher canask the pupils related to the different stages
of the experiment are:

What do you expect to happen?

Tell me why?

Do you expect them all to behave in the same way? Why?

When vou have seen other matertals being heated did they all be-
have in smular ways or were there differences?

What were the ditferences:

Now [ know what he thinks taddressed to a second pupill. can vou
tell me what vou thinks?

Tell me how you should hald the test-tube swiulst heating?
Why doces it matter?

Why are vou using this hind of Bunsen flames

Do you (addressed to a second pupl) agree with that? wha?

What do vou sees

Anvthung clse?

What do vou hear?

What has happened to the solid at the bottom of the tube?
What about further ap the tube?
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How is this different from other substances that you have heated?
Why do you think that iy?

How will you record your results?

Tel me why you have decided on that way

What will yvou write down? ‘
What will you (addressed to a sccond pupil) be writing? :

What patterns can you see in your results?

Which substances behave similarly/difterently? In what ways?
Why do you think that some substances change permanently?
What is happening to them?

Why do you think that some substances change temporarily?

Is there anyone who disagrees with that? Can vou tell me why?

How could you improve the experiment?
What would you like to investigate further?
Telt me how would you go about doing that?

6.2b  Sharing Ideas
Moentor's Brief

Objeciive » Student teachers should have skills in sharing ideas in class by:
framing questions appropriately
Distributing gquestions around the class
Feeding positive comments back to pupils
Using cye-contact and positive body language.

Time * For the student teacher: spread over several weeks in prepara-
tion for team-teaching, teaching and feedback

*  Observation and feedback, oral and written, for the mentor or

class teacher

Back¢round

Student teachers can find it particularty difficult to develog effective question-
ing skitls. In this particular area the difterences between novices and experi-
enced professional teachers can be strikmg. Novices exhibit the following,
chatacteristies:

They are more concerned about transimittuing information to pupils
and less aware of the need to monitor pupils’ fearnimg. Consequently
they tend tatell the pupils too much and do not ask enough questions,
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¢ Most questions tend to be used to clicit short responses which are
mainly factual recall. Pupils have tewer opportunities to explain their
ideas.

* In novices classes, pupils seem to get the wrong answer more often.
and student teachers tend to be less adept at accepting an incorrect
answer or an unclear answer and getting pupils to expand on the
answer and explain their thinking.

* Their management of questioning sessions is less well controlled: rules
for answering questions are less clearly defined and questions tend not
to distributed around the whole class.

Like riding a bicycle. helping pupils to share their ideas requires several teacher
skills at the same time. Even though bicycle riding skills can be separated
analytically into balance, confidence, motion, they cannot be separated prac-
tically. The same is true for helping pupils share ideas. Four questioning skills
are identified in this activity: framing. distributing. feeding back and using
body language. Effective gyuestioning involves cach of these skills at the same
time.

At this stage in the student teacher’s development, an observer is needed
tor cach lesson. The information about these skills must then be fed into the
student teacher’s planning for later lessons. When using a new skill, teachers
sometumes use it effectively at the beginning of the lesson. but then become
absorbed m other aspects of running a lesson and forget to use the new skill.

Instructions

* Sclect lessons for the student teacher to team-teach where the student
teacher has to use elicitation <kills for the sharing of ideas. Combine
this activity with activity +.2¢. "Demonstrations with questions and
answers’.

After the fesson vou, or a colleague who has been watching the lesson, need
to provide the student teacher with oral and written teedback (refer to the
notes mn Chapter 1. Action 3: Debricfing).

e First the observations are fed back to the student-teacher.
No value judgments are made at this stage: this stage is purely
descriptive.

e Next the student-teacher is asked to retect on his/her own perforniance.

e Pmally the discusston tocuses around the most appropriate style of
questioning. This will vary according to the pupils being taught, what
is being taught, how it 1s being taught, cte. There is no single best
way of questioning. Often, however, there are better ways,

13
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When the student teacher has progressed to teaching complete lessons it will
still be usetul to provide feedback on their questioning skills.

6.zb Sharing Idecas
Stdent Teacher's Bil(_';'l

Research shows that pupils” wdeas are seldom congruent with those of
the teacher. It would be naive to think it could be otherwise: tor pupils
are pupils precisely because they do not know what the teacher knows.
Using cheitation with pupils allows vou to bring their thinking into
the public arena where it can be shared by others. It one pupil thinks
something, it is quite hkely that others will have similar ideas.,

Ohjccnre

Y ou should be able to use the followmg skills with oral chicitations
m class:

s Framing questions appropriately

«  Dustributing questions around the class

+  Feeding positive comments back to pupils

o Usimg eve-contact and positive body language

Instictions

* Your mentor will ask yvou to team-teach parts of lessons that
myvoive demonstrations or explanatons.

o Refer to activity .2 on muanaging explanations and demonstra-

ttons.,

*  Read the tollowimg notes betore planning your part in the lessons,

Nores on sharing ideas

Fhe framing of grestions
Lhere are three components to plannmyg betore the lesson:

o Guoals
* Starting, potnts
*  Routes.

Be clear on the nm deas that vou would hike the puptls to know and

use at the end of the lesson, Have tacoes tor findig, out what puptls

104
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Already know and can use. Consider the sequence in which vou might
develop the sub-topies. You witll need to think how vou can break
questions down into simpler questions or how vou can rephrase them
it pupils find them ditticalt.

Fhe tollowing technigues can be usetul in encouraging pupils to
contribute:

Have a stimulus that poses a problen:

When pupils give answers vou can encourage them to tatk more:
Give the pupils enough time to think;

Keep a written record of pupib involvement by extracting some
key words from a pupit's answer and write them on the board:
Keep vour focus by muaking the question and ansawer sessions
relatively short.

Iy ou want to discuss the factors atfectng plant grow th vou could begin
by presenting the pupils with two sets of seedlings, one of which has
been grown m a dark cupboard and one which has been grown by a
window. Ask the pupils what ditterences they notice. This allows al the
pupils to be mmmeduately engaged. Foltow up by asking them why they
thought there were these ditterences. Ask, "Why do vou sav that” or,
‘Can vou explain a bit morez” Repeat the Last sentence that the pupil has
sard and pause to encourage elaboration. Sometimes teachers ask a ques-
tion: pause: wat tor pupils to puat up thar hands repeat the quesaon:
and wait a bit Tonger betore ashing a pupil to give ananswer. Ask other
pupils tor their ideas on kev words wnitten on the board. You can also
use these e a summuary and 1t adds value to pupils” contributions, Ten
mmutes without a break is probably long enough for most classes.

ustdwiny questions aronnd the dass

Fhie i of disteibuting questions around the dass s to involve as many
pupils as possable inactnve partiapation methe lesson, Aspects to con-
sider on nmuaxmmzng, participation are the toltowing:

o Lheaules that you estabhish for answermg questions,

o Lhe physical position of v puptll m the dassroom.

o Whether the puptl s adens fiably trom some group: bovs/aarls:
workme class/nnddle classs ethnie ortgims, extrovert/swathdrasn,
and <o on.

Fhe tollowme are asetul m helpime vou mteraet wath the ol more
coitably

o belb the papids sowr tales Tor answermg queshons.,

o Darect questions albaround the room trem the start. Do not allow
oo greas to dey Clup.

ico
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+ Do not ask only puptls whose hand are up.

o Consciously reposition vourself around the room,

» Ak g colleague to observe vou and provide feedback.
*  Opcrate the school procedures for enforcing yvour rules.

When mtringed. as your rules witl be, repeat them. Most effective teach-
ers do not altow pupils to call out answers. They select pupils to answer
questions, wait tor pupils to put their hands up and then select pupils
svstenaticatly. Be aware that the dynamices of pupil involvement depend
upon where the teacher stands. Move down the sides of the room.
Standing at the back can be a usetul place from which to direct question-
ing. Boys often demand more attention than girls and so it s useful to
consider this when directing questions. Even experienced teachers tind
it difficult to resist the pressures of some pupils. Having a colleague
observe and discuss the pattern of vour clicitations will help yvou to
become more pro-active and less re-active,

Gueing positive feedback
Pupils are encouraged it they get positive teedback. Do say:

“Well done’
‘Good answer’
‘Goaod ll"\"

You can also give encouragement by vour facul expression. One way in
which student teachers difter from expericnced teachers is m how thes
respond to pupils” partiatly correct answers, Expertenced teachers will
do the tollowing:

e Ak puptls to rephrase their answers, or sav a4 hit more about it

o Pick ont part of an answer and ask pupils to expand on

»  Rephrase the question and give the pupil another opportunity to
RIDRAANY o

»  Ask other pupils what they think of other pupil’s answers.

Fye contact and body language
Phere are two separdie sttuations where eyve-contact is usctul:

o Durmg discusston scan the roontand make sure that vou engage
puptls” eves. This has the ettect of promotng your mteraction
with them personallv. A Lick of eve-contact can tead to disen-
gagcment and off-task actis ity

o Pupils who are straving from the main activity can be shep-
herded back through eve-contact that lets them know that vou
hnow what's gomyg on.

10y
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You will probably need to move around the room to make sure
that you mantan eye-contact with wayvward pupils. The smali
trouble of deing this can save you a lot greater effort if vou fail
to do ot

You transnut a message by the way you stand and walk as well as
through how vou talk. Ask a colleague to give you honest feedback on
your body Linguage. Better still, arrange to have your part in lessons
video-taped so that you can see how others see vou.

6.3a Assessing Materials for Differentiated Reading Skills
Moentor's Bricf

Objective» - The student teacher should report on the suitability of the tex-
tual resources used in the science department.

Time * 3 hours for student teachers to review various texts and write a
brief report
e '/ hour discussion with mentor

{nstructions

Inrect the student teacher to the written resources used in the
department.

They will need to ook at texts used with Years 7.9, 11 and perhaps
sixth-form tests. They will also need access to the science materials
sed to support non-readers and that for pupils for whom English is
asecond language (ESL).

*  Briefly discuss the review task with the student teacher.

They might do this activies as a prefude to activity 4.4 on reviewing
a scheme of work.

Discuss the student teacher's report,

6.3a  Assessing Matcrials for Differentiated Reading Skills
Snadent Teacher’s Bt
Reading is imiportant tor pupils 1 science lessons. Pupibs can access
information and acuvities mdependently it they can read. However

reading performance is not an on/oft switeh, Pupils can be differentiated
8
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along an extended scale according to the texts they can cope with. Cer-
tamn features of text can hinder puptls” access to the information i the
text. A well designed text can help them.

()l‘].('( fre

You should report on the suitability ot the textual resources used m
the science department in your school.

Instinctions

Your mentor will direct vou to a range of texts used in the
department.

Read the notes on text given below,

Write a briet report on the department’s textual resources and
their suitabiliey for the pupils concerned.

Notes ow textual marerial

I hese are thimgs to pay attention to when reviewing textual resources:

¢ The lavout and desten of 1 text can be the most enabling/inhib-
ity feature:

Lents with o good proportion of white-space to print are
CASICT [0 dlCUss.

[he posttiomng, of diagrams and illustrations is important
m helping puptls gam maximum benefit from the infor-
nutron.

Starting new deas on new lines muakes the absorption off
those ideas caster. (What do vou think of the lavout and
destgn in this book? Does 1t help vou? How/how not?

o Sentence length can abse change the accessibility of a text:

Generally . the shorter the sentences the easter the text s to
read.

Sentences that start with the \llb_]L‘L'( are casier to read.

[ ong sentences with lots of commas and clauses are very
diticult and otten need re-reading,

Flie sequencny of ideassentenees so that they follow the chro-
nological flow of actions s helptul o readers

descriptions that start globally and work dowi to detal are
alsor casier to visuahize,

1c.




Clomimunicating Scienee

o The caretul chowe of verb tenses can improve the readabihity
constderabiv:
Passive forms are more ditficult to mterpret than active
: torms.,

s The vocabulary of saienee 15 speciahized:
Scicnee uses evervday words but with meanings that are
different trom evervday usage.
_ Saentific terms have precise meanmgs and are often ditficult
to pronounce and spetl. However, surprisingdy, this turns
_ out to be one of the least naportant aspects of what makes
_ text ditficult tor pupils,

: 6.3b  Alternative Writing Activities for Pupils

— Viewter ' Bt

Oepcare o Student teachers should Knose of ditferent forms of wnung that
- might be used taachieve difterent purposes inscience education.
- Fhey should be able to use them with then classes saas to
cvaluate them,

[ * Readmg tme and lesson time tor the student teacher
* - heuar discussion wath mentor

Backeronnd

Lheresults of saence, hot trom the Laboratory, are written-up Jds papers tor
spectlint journals and contaence proceedings. The torerunner of the journal.
Betore fearned societies took over the dissenimation of their members” scien-
- Onc mtermation, was the private letter. Today science s written about in

populan nzasmes hke New Saentist and Focus, Newspapers often carry
anrtddes that have a saentitic component mterpreted for the general public by
eurnalists, Saentistes themselves have been known to write songs, poems and
mericks wath saentinic content,

Mooy saence teachers Tave muade etforts to move away trom the echo of
the saentitic paper that s found e the standard rormat of, Aim, Apparatus.,
Methed o Procedure, Resubis, Analvais and Conclusions, which had a strangle-
feld e sacnce educanan i the past. I student teachers huve not been exposed
— to thinkae dbheut ather forms o wintmy it s unbkels they wall comne 1o it
“pentancensive Phos acovoty moe duces them o different modes of wnting
and s they el be mcorporated as pupts™ activites melesson plans and
<hemes twak

iy
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Learning to Teach Science

Instructions

Collect several examples of different kinds of writing done by pupils
in past science lessons. Give them to the student teacher to read.
Direct the student teacher to the Programmes of Study of Science in
the National Curriculum and focus their attention on comments on
pupils® written work,

Discuss the possible roles of writing in science lessons, including the
role of a formal scientific report, with the student teacher.

Ask the student teacher to select a variety of different writing styles
to use in different science lessons. and discuss the value of these after
the student teacher has tried them with a class,

Discusston points

The discussions with student teachers should centre on the purposes and
opportunities for learning through different forms ot writing. A discussion on
the matching of activities to aims and objectives might help structure the
conversation,

6.3b Alternative Writing Activities for Pupils
Student Feacher's Brief
Objectire

*  You should know of different forms of writing that mught be
used to achicve ditferent purposes in science education. You
should be able to use them with vour classes so as to evaluate
difterent forms of writing.

Tastructions

o Read the selection of ditferent forms of writing given to you by
your mentor,
¢ Write down why vou think the pupils have been asked to write
in the ditferent styles.
Who was the perceived audience?
What was the purpose of writing in this way?
How might this activity have helped the pupils® learning of
saence?
When, in a scheme of work, might be the best time to do
this type ot activity?

PAFullToxt Provided by ERIC




Compnunicating Science

Review the Programmes of Study for Key Stages 3 and 4 of
Science in the National Curriculum. What forms of writing are
suggested?

*  Discuss your studics with your mentor,

o Plan to use a selection of different forms of writing in lessons
that vou teach. Several ideas are given below,

* After you have used a form of writing that is new to you, study
the pupils’ writing and decide:

whether your aims in using this form of writing have been
achieved

whether the pupils found a different way of writing
motivating.

*  Discuss this with your mentor.

Ideas for forms of writing:

o A detter to another scientist in a ditferent country
* A porm

* An account tor a teenagers’ magazine

* A TV reporter’s seript for a newscast ,

* A limerick ;

* A diary entry by a saentists in the seventeenth century

* A telegram

* An account m The Guardian newspaper

* An account in The Sun newspaper

* Asong

o The script tfor a conversation in the Dy Hho science fiction TV
programme

Pupils will appreciate being able to read one another’s accounts. You can
provide a regularly changing wall display of pupils” work which will
brighten-up and personalize the laboratory and classroom. If this activ-
ity 15 taken seriously by vou it can become motivating for pupils.

Examples of pupils’ pocms '

o Idvaar-old girl starting on Nufficld Co-ordinated Scicnee:

Rocks
and plants can
gencrously sustain owr hite
chemieallv, I we do not know
ther worth its cond-byve -
to lite on
Farth

Q
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Learning to Teach Science

lo-vear-old boy doing separate science physics:
Fach time it passed the lamp. you see,
the clectron gave its energy,
The battery thought this was rather poor,
The electron 1eturned for more and more.
Round and round at a steady pace
ft was an endless race.
t6-vear-old girl doing scparate science biology:
How can a pea
be like me
genctically?
[t has two pareats.
So do
Its chromosomes are rather shy,
they hide inside its nucler.
Its tather's traits and mother's too
have lett it with a hue of blue.
My eves are oo,
12-vear-old girl doing "Minibeasts™:
Underneath the trees there is a world initself.
Minibeasts forage tor food.
Who is predator and who is prey:
This is what we Jooked at today.
We had to stop.
Lunch was on its way.

6.4 Pictures, numbers and graphs

Montor's Bricf

Objective» Student teachers should be able to reflect on how they help
pupils improve their diagrammatic, numerical and graphical
communication skills and consider how to amend lesson plans
accordingly,

1 minutes at the end of varous lessons for the student teacher
7. hour discusston with the mentor

Backgronnd

i he myentories in the student teacher activity here will have a tanuliar ring
to teachers who know of the taxonomy o cognitive skills deseribed e A
Laxonemy of Bducatonal Objeciees: Handbook 1 (Bloom, cral. 19500, The fo-
cusing, on puptls”actions helps to guide the s lection ot learming activities. Most
of the actions for pupils described 1 the myentories have some translation

2
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component. That is, pupils have to deseribe things orally or in written accounts.
By telling. or writing. about what a particular mode of representation is being
used to represent. pupils are making public, twice over, their communication.
Reflexively, they can use the one to enhance the other.

By this means mathematics enters science as a way of communicating
information in & succinet and precise way. The mathematics should grow
naturally out of a need to communicate the science efficiently and eftectively.

Instructions

Direct the student teacher to the inventories in the activity.

Check occasionally that the student teacher is reflecting on the oppor-
tunities they are providing for pupils to develop their communication
skills.

Discuss with the student teacher the pupils’ progression in commun-
wcation skills.

Set targets tor the student teacher to plan more effective activities that
develop communication skills in pupils.

Discussion points

The three inventories provided here can be used as 4 quarry tor behavioural
objectives for pupils in working with different modes of communication.

The work in Chapter 9 on Piagetian stages in cognitive progression should
alert student teachers to the way in which pupils may show ditferentiated
performance on the items in these inventories. The inventories can be used to
plan objectives and activities that may encourage accelerated progression in
pupils’ cognitive skills.

6.4 Pictures, Numbers and Graphs
Student Teacher's Brief
( )[‘f«'( e

*  You should reflect on how vou help pupils improse ther dia-
grammuatic. numerical and graphical communication skills and
constder how to anmend vour lesson plans accordimgly,

Inanctons

Complete a conamunications inventory immediatels after teach-
my ST

Prothis with several fessons soas to get a broader picture o how
vou are teaching,.




Learning to Teach Science

Find items in the inventory tor which you are not providing
pupils with activities at the moment.
Consider how you should medify your lesson plans to incor-

porate more opportunitics for pupils to increase their communi-
cation skills.

Discuss your plans with vour mentor.

Ancinventory for diagrammatic communication

In which lessons have you helped pupils to develop their communica-
tion skills in using diagrams by having activities which require pupils to
carry out the tollowing actions?

Reproduction
copying a diagram
reproducing a diagram from memory

o Translation

describing a complete diagram orally
writing a description of a diagram

Interpretation
explaining the link between form and function or operation

orally

writing an explanation linking form, function and operation.

An inventory for numcerical comsunication

In which lessons have you helped pupils to develop their communica-
tion skills in using numbers by having activities which require pupils to
carry out the following actions?

Displaving numerical information by pupils

selecting a suitable tabular form
sclecting suitable headings
sclecting suitable units
completing cell entries systematically
completing cell entries with precision

o Tramslating of information from numerical form by pupils
describing trends in numbers orally
using trends to complete missing entries
writing a description of the trends in numbers
interpreting the trends in terms of variables

o Pranstormimg numerical data to obtain further infornmation
Iy pothesizing relationships
suggesting suitable transtormations ot data
carrving out transformations systematically
using, transformations to confirm hypotheses

ER]
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An inventery for graphucal commumication

In which lessons have vou helped pupils to develop their communica-
ton skills in using, graphs by having activities which requive pupils to
carry out the following actions?

Desertbimg the shape of a4 line or curve, pie chart or bar chart
pupils giving an oral description
pupils writing a description of the shape ot 4 graph
s Hypothesizing possible shapes of tine or curve. pie chart or bar
chart
reviewing alternatives tor the phienomenon being studied
arguing tor one shape. rather than another. for the phe-
nomenon being studied :
e Preparing to plot graphs or charts
pupils selecting an appropriate size tor the units
pupils selecting units
pupils sclecting dependent/independent variables

pupils selecting variables |
o Interpreting from a graph |
given an 'x” value finding a "v' value |

given v’ value finding an "x7 value ,

extrapolating a graph beyond the data set

predicting a new curve when a controlled parameter is

changed, and thereby produces a parallel set of resules.

¢.g. rate of production ot carbon dioxide in sugar solu-

tions of ditferent concentrations at ditferent temperatures.

*  Fornulizing the relationship between the variables represented in

the graph m an algebraic form ’

recognizing the shape of the curve in termis of a general
cquation

writing 4 specific cquation for the graphical information
presented

using the equation produced to make a prediction.
checking the predicuon made algebraically against the data
represented i the graph,

6.5 Designing Text-based Resources |
Maowtor's Baiet

Objecnre » The student teachier should produce a good qualiny test-based
resource for trialling and 1evision,

1A
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Time ¢ 3 hours for the student teacher to write a worksheet, trial,
evaluate
e /. hour discussion with mentor

Background

Activity 3.3a considers textual resources. DARTS are introduced and student
teachers are directed to constructing IDARTS of their own design. DARTS are
particularty useful for language and concept development. Activity 8.3 is abso
concerned with textual resources. The focus is in terms of the introduction of
a historical perspective.

In this activity student teachers can be given a tree hand to produce text-
based resources that would be suitable for inclusion in a revised scheme of
work. This ties in with activities 4.4 and then 4.5: reviewing and revising part
of a scheme of work, The opportunity for creativity on the part of the student
teacher and the advantage of having carefully planned activities for pupils
can provide stimulus. The activity has been delayed to this stage of a student
teacher’s development because he or she will, by now, have used a wide
variety of other text-based resources and will have formed opinions on what
works and what does not.

Teachers can be rushed when writing worksheets and the guality often
sutters as a result. In this activity the student teacher is given time to produce
4 high quality resource. Student teachers should be encouraged to produce as
good 4 guality text-based resource as the school's reprographics and software
will allow,

Instinctions

e Suggest the topie area in which the student teacher might compile a
text-hased pupil activity sheet. This could be the same as that tor the
review and revision of part of a schemie of work (activities 4.4 and
1.5).

o [factivity 3.3c¢ was not carried out carier now 1s another chance to do
so. Help may be required in the technical aspects of word processing
and use ot graphies packages,

*  Review the text-based resource and suggest nnprovements,

« The student teacher should trial the test-based resource ina lesson.

e Puscuss the rialhmg wath the student teacher.

Dirvsaon pornts

Fhe work required to prodace one good guality text-based resource s sub-
stantial, Student teachers nay appreaiate the usetulness of workimg as a team
to develop resources when thes have carrted out this work,

[l
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6.5 Designing Text-based Resources
Student Teacher's Brief

This activity provides you with an opportunity to be creative and
produce text-hased resources that will help vou in the classroom with
pupils’ activities.

e You wiil need to draw upon vour experience of using a wide
range of books, papers and worksheets with pupils.

¢ Reflect on what is attractive to look atand therefore motivating
for pupils - think carefully about the placement of itlustration.

o Try to structure the pupils’ activities so that alt pupils can suc-
ceed in the earlier stages of using the resource. Think about how
activities that come fater in the text might have progression built
into them. Refer to activities 9.4 and 9.5 on cognitive growth
and differentiation.

e 1t you did not complete activity 3.3¢ on 1T and are not familiar
with word-processing or the use of graphies packages for the
machines in vour school. then now is the time to make sure you
correct that deficiencey.

Objectirve

+ You should produce a good quality text-based resource for
triatling and revision,

Instrgctions

Carry out this activity as part of your work for activities 4.4 and
4.5,

Review vour notes from activity 0.4,

Destgn anew resource or improve one that s already written.
Show the text-based resource to vour mentor or another teacher
and ask for comments. Revise the resource it necessary.

Try ont the resource in vour fesson. Revise 1t i necessary.,
Discuss the trial wath your mientor.




Chapter 7

Science and Knowledge

Aims

Most scientists would claim that a scientific approach to the study of natural
phenomena produces reliable knowledge. But many student science teachers
start their science-teaching carcers without giving a serious thought to the
guestion, "What is scientific knowledge and how is it made?’ The aims of the
activities in this chapter are to help student teachers:

think about the nature of science itself:

think about how their views of the nature of science might influence
which activities they select for learners:

develop strategies for organizing work across age groups and abilities
that match selected approaches to science.,

Introduction

Science teachers regulardy ask pupils to make novel observations, To the non-
scientist, this appears to be the starting phwee tor how science makes new
rehable knowledge. A scientist’s work might be interpreted as simply looking
at the natural world that liede bit harder and more caretully than ordinary
folk. However, without having ideas about what is being observed. is this
possible? Tewis Wolpert (1992) is one recent commentator who points out
that 1 ideas are common sense then they are probably not scientific, In
activaty 7 10 student teachers are asked to think about whether the saence
moa natural phenomenon s selt-evident and how teachers manage pupibs’
observations,

I activity: 7200 students teachers take a scientitic concept with which
they think they are tamiliar and reconstruct the principal justifications tor a
behet moats sabidite, Inactivity 7.2b0 they plan o scheme ot activities that
cottld be used to fead pupils through the steps medeveloping an understanding
ol the snne concept.

Suence mvolves saentsts makhimg nes knowledge through the use ot
processes or methods, Tearming saence has a component that s about mas-
tering these processes of knowledge makimg. Activity 7.3 mvolves student

s
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teachers in planning learning experiences that help pupils vehearse and thercby
strengthen their skills in using those processes.

Although there are many different varieties of scientist and scientific work,
scientists share common beliefs in the need to produce results that are repro-
ducible. significant, usually explicable with some material mechanism. ideally
numerical and thereby capable of being used to make precise predictions.
Activity 7.4 inzolves student teachers considering if these aims are reflected
in what they teach and in the way that they teach it. Finally in activity 7.5,
student teachers are invited to complete a questionnaire and thereby to con-
sider their own personal stance towards science and their opmmn on what
‘doing science” and “being scientific’ means.

7.1 Managing Observing
Menter's Buict

Objective+ - Student teachers should be able to use ideas from their study
of the way science makes new knowledge to look critically at the
way pupils are encouraged to build their scientific knowledge
from observations.

Time 3 or 4 lessons with practical or demonstration work for the
~tudent teacher to team teach and observe
. hour discussion with mentor

Background

How science makes new knowledge and the status of that knowledge is open
to debate. s 4 debate that has been long running and continues to have new
ideas ingected into it, This activity is notan attempt to provide student teachers
with 4 definitive answer. Tt is intended that student teachers should be alert
to the fact that they can help pupils improve their observations by structuring
the fearning experience managerially and thereby pedagogieally . This mten-
ton has a IL\pL‘((.lhI( pedigree m that 1t was one of the concerns of Michael
Faraday as a lecturer at the Priday Fyemimg Discourses at the Roval Insutution,

Listictions

Select serence Tessons wath practical or demonstration activities i them.
Student teachers should be directed to observe demonstrations and
practicals mosaence lessons and report back onmstanees where pupils
were imvolved o makmg observations of natural phenomena,

s Discuss the student teacher’s obsersvations,

\
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Discussion pornts

Keep the conversation focused on the pedagogic support and managerial
strategies for helping pupils observe natural phenomena. The philosophical
issues can be left for discussion elsewhere.

The visibility of the scale on the meters. the size of the effects to be seen

by the pupils, the placing of the pupils are all within the teacher’s control.
This is one place where modern technology can be casily introduced
into science lessons but is still sadly lacking. In demonstrations. if apparatus.

organism or eftect is simall and ditticule to see.
monitor so that the whole class has a view.

use a TV camiera and 4 TV

7.1 Managing Observing

Student Teacher's Bref

I this activity vou are to wateh science classes and pay attention to the
way in which pupils are asked to make observations of natural phenoms-
cna. cither during demonstrations or when pupils are carrying out their
OWIInvestigations,

Objectire

You should be able to use ideas from the study of the way science makes
new knowledge to look crincally at the way pupils are encouraged to
buld their scienutic knowledge from their own obsery ations.

o trctions

120

Read the extracts helow . trom Adrce 1o a Lecturer by Michael
Faraday (1960y,

Agree with vour mentor which lessons vou should observe as
vou team-teach.

When puptls are mvolved m obsersational work tahe note of the
fallowing issues:

M Isues of what type of thing s bemg observed. hhke:

things that can be directly sensed, seen. s, fele,
heard. cte., such as torees, colours.,

things that are construed such as structural . anatomi-
cal or morphological features,

things that are construed and accesable through -
strumentation, amimeters, microscopes, pH ometers,
cte.suchas current. osmote potential and hvdrogen
1011 coneentration,
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Consider the ditference between:
description in answer to the question, "What iy hap-
penng?” and explanation, in answer to the question,
“Why is it happening?’
and the relative difficulues pupils have with these.
Ay In the classroom, observational issues are structured by
pedagogic issues, like: .
how do the teachers introduce an observation activity
tor the pupils?
are pupils encouraged to make untutored observations:
are initial observations discussed with the class as a
whole?
does the discusston lead to a consensus on what all
might observe?
do the pupils return to make tutored observations:
the sequencing of parts of demonstrations so that pupils
are moved smoothly trom considering the “what to
the "why ™ ot the phenomenon.
Giiy In turn these are underpinned by managerial issues, like:
where teachers place demonstrations for pupils to
wateh,
what teachers do to group and move pupils so they
can see.
the use ot big, bold demonstrations where etfects are
demonstrable,
the distribution and use of oper questions that can-
not be answered with just a “ves” or ‘no’ but require
A apinion or chseryation.
o Discuss vour observations with vour mentor,

Fapacts from, Advice toa Lecturer by alichael Favaday

Constder the advice gnven by Faraday on lectures and think about how
it may also apph to any observation work carried out by pupils.

An experimental lecturer should attend very carctully o the
chotee lie may make of his experiments for the llustration of
his subject. They shouald be important, as they respeet the s
cinee they are apphed too vet clear and such as may castly be

understoond.

They should tather approach to simphee and explun the
extablished prnaaples of the subject than claborate and apply
to nunute phenomena only. . Tet vour experiments apply to
the subject vou elucidate, and do not intreduce those that are
et to the pomt.
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Netther should too nuch stress be Taid on what ! would call
small experiments. or rather iustrations. [t pleases me well to
observe g neat idea enter the head of 2 lecturer which he will
immeduately and aptls lustrate or explain by a rew motions of
his hand — weard, a lamp, aglass of water or any other things
that mav be near him ...

“hiswell too when the lecturer has the ready wit and presence
of nund to turn any casual arcumstances that has become table-
talk tor the town. any locai advantages or disadvantages. any
trivial circurnstances that may arise in company., give great foree
to the dlustrations drawn from them, and please the audience
highly as they concenve they pertectly understand them.

Apparatus. therefore is an essential part of every lecture in w hich
it can be introduced: but to apparatus should be added at every
convenient oppoertunity illustrations that may not perhaps de-
serve the name of apparatus and experiments. and yet may be
mtroduced with constderable force and eftect in proper places.

Piagrams and tables too are necessary, or at least add in an
emment degree to the illustration and perfection of a lecture.
When an experimental lecture is to be defivered and apparatus is
to be exhibited. some kind of order should be preserved in the
arrangement of them on the iecture table. Every particulate part
ilustrative of the lecture should be i view: no one thing should
hide another from the audience. nor should anvthing stand in
the way of the lecturer.

Diagrams, tho” ever so roagh, are often times of important use
i a lecture. The tacility with which they illustrate ideas and the
diversity they produce in crrcomstances occurant (sic) render them
highly aerecable to an audience. By diagrams | do not mean
drawings mor do 1 exclude drawings) but a plain and stmple
statement moatew lines ot what requires many words. A sheet
of cartridge paper and a4 pen or a blackboard and chalk are often
tmes of great importance. T general allude to temyps wary dia-
grams and would resort to temporary mieans to obtam them,

A drgram or a table by which T mean constitient parts or
proportons witten cut mn a rough enlarged wav) should be lett
m the view of the audience for a short tine after the lecturer
himselt has explamed that they mav arrange the 1deas contained
m them i their mmds and also refer to them inany other parts
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ot the theory connected with the same subject and At they choose,
s s often the cased alse to copy them,

7.2a How do we Know?
Ve s By

Olieon: 0 Student teachers should be made aware of how they take
Lowledee tor granted and how then pupils may not share that
huew ledge.

ekl

oo e 1 hour for the student teacher to research and write
o Cuonutes discussion waith mentor

Do and

Evordence dees not speak tor itsel £ 1t needs a theoretical interpreter. This s all
the nere soowhen, e the course of sacntitic enguirs . people myestigate natu-
v phenemena that are bevond sunple sensory experience and where the arrival
d wccine hnowdedee requires imathematical manipulation o data.

- o Ntudent teachers should be asked to pick some coneept e saience
el cuetully re-construct the princpal ustifications tor a0 behet in
the validity of that coneept.

o An accaunt of the size of atomie nucler nught start with the pattern
of saattering of alpha particles by gold nucler. An account of why we
behieve DNA to have 1 hchcal structure will be sure to mdude the

- pattennis of scattered Neravs. Any account of why we aceept the clee-

tonte stiuctare of the atom will huve 1o mehude reference to - the

ciapinical evidenee of spectra.

- Yo o ot

Studont teachers can be surprised by ther cawnognorance o the interplay
Between cmpinical evidence and saenutic theary. To re-create the sense of
Beomsement and partai understancing that many puptls sutter, i may be
wcorth poemtmy the stadent teachers tooa topie that s not part of then own
spectalisme e saence, Tl may need the co-aperation af colleagues.

ERIC
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7.2a How do we Know?
Student Teacher's B3ncf
()[{f('('ltll'(‘

You should be aware of how you take knowledge for granted and how
vour pupils may not share that knowledge.

fnstivuctions

Pick a topic from your knowledge of science and re-trace the
evidence that leads us to believe that the currently accepted ac-
count is reasonable.

You may pick topics such as knowledge of the size of atomic
nucler, the helical structure of DNA; or the electronic structure
of the atom.

How can it be shown, step-by-step. that these accounts are jus-
tfiable?

What evidence persuades the comnunity of scientists to aceept
these ideas? Empirical evidence is obviousty important, but
that empirical evidence has to be interpreted in the light of
(ll(‘(»l‘}',

What is the interplay between evidence and theory for the topic
vou pick?

e Write a brict account of thow we know ',

In your written account you should consider if it would be
possible to arrive at such conclusions without any theory.

Can the evidence speak for itself or does 1t need theoretical
mterpreter?

7.2b Sequencing Conceptual Development
Merter's et
Objective Student teachers should be able to sequence a set ot activities tor

pupls that take pupils from sensory experience to more abstract
CONCCPLS.

Lime 2 hours tor the student teacher to research and write
7. hour discusston with mentor

1350
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Instructions

o Discuss the activity with the student teacher
e Review their suggested set of activities tor pupils.

Disenssion points

The interplay between empirical evidence and theoretical construct can be
developed here in the student teacher’s scheme. You may wish to comment
UL

« the need to start with sensory experiences

e the need to ask open questions of pupils about those experiences

o how teachers need to inject the scientitic viewpoint mto the discussion
o how teachers can formualise a consensus view tor the class

+ the need for pupils to have written accounts ot their work.

7.2b  Sequencing Conceptual Development
Stdent Peadher's Buep

()l"ft'l f1re

You should be able to sequence @ set ot activities tor pupils that take
pupils from sensory experience to more abstract coneepts.

Istorictions

You are gomng to plan a sequence of demonstrations. or practical hands-
onexperiences, tor puptls that will lead them from direct sensory ex-
pertence to more derived abstract coneepts. For example. in developmg,
the coneept of “retraction” of light one might want pupils to do the
tollowmyg:

Have the experience of looking at objects through spectacles to see
that what 1~ seen through the spectacle lens s not dentieal with
what s seen unaided.

Puptls nught then be grven the opportunity to do a ray box expen-
ments m which the deviation of the paths ot ravs of hght passing
through lenses can be observed.

This nnght lead onto an experiment with a parallel-sided glass block
where the amount of bending of the hght s considered mare
carefully and ma controlled way.

Ripple tank demonstrations would be a sensible suggeston tor the
nent activity so tat puptls cansee how water waves also change
duection whien they move into areas of different depths of water.

o ~

iqid 125
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acceleration
pressure

potential difference
clectric field

latent heat

pupils.

experiments.

Mantor's Brict

destgning,

Backeround

126

7.3 Issues of Process

*  Pick one topic like those listed here:

rate of reaction
concentration
oxidation

hatf-life

electronic structure

o Y/ hour discussion wath aentor

; Pupils might then experience how light is deviated as it passes though
prisms of different shapes. '
This could be followed by a return to the ripple tank to see the
effect with glass plates at the bottom of the wnk being used as
an analogue for the prism.

ccosystem
excretion
homeostasis
community
photosynthesis

* Write out vour demonstrations and practical experiences for

You will find that you will need to add in theoretical ideas that
can be used to explain observations in vour demonstrations and

*  Discuss vour sequence of activities with vour mentor,

Objective = Student teachers should be able to design a set of activides for
pupils for @ topic in science that take the pupib through the
processes of science.

L * 3 hours for the student teacher to work on rescarching and

There s a saymyg that has been popularized by Oxtam, amongst other aid
agencies, "Give a person a tish and vou feed them for a day. Teach the per-
son to fishand you feed them for dite.” A somewhat similar statement could
be made about science education. Teach a person content and they know how
tordeal wath one topics Teach a person process and they know how to do sci-
cnce. To become saenutic, rather than simphy knowing some saence. is to
atpnent vour knowledge making potential,
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Instruciions

student teachers should be asked to focus on specific processes of

science as part of their routine lesson planning.

Manitor the student teachers” planning to make sure that they under-

stand the purpose of the activity.

Review the student teachers' set of activities based on processes and
suggest improyements,

Discusston points

There are two points to muake in tatking with student teachers. Firstly. these
activities present the knowledge-making processes of science inan atomistic
way which contrasts with the more holistic viewpoint taken in Chapter 5
‘Science Investigations”. The assumption here is that individual processes can
be isolated and pupils’ skill is susceptible to training. The atomism is sottened
if individual processes are linked through them having content, or topic. n
common. Secondly. many of the processes can involve pupils in pencil and
paper or discussion activities. They need not be practical.

7.3 Issues of Process
Student Feacher's Biict

Investigations, are dealt with in Chapter 5. and are an important com-
ponent of being more scientific. Chapter 5 coneentrates on the planning.
organizational and managerial aspects of imvestigations: the structuring
ot lessons and the rasing of pupils” levels of performance. The approach
is holistic: an unvestigation is dealt with as a conplete ut, This activity

focuses on the internal workings of making new knowledge through
operating the processes of science. It s theretore more atomistic. Rarely
outstde serence do we carry out complete scientific investigations. How-

cver we often make ypotheses, we may weigh evidence and oceasion-
ally we formulate models. We use indnadual provesses of knowledge
making m science. In daly Iifc, the consaous asareness of how we are
operating such processes can help to improve our judgnient.

I making new knowledge, scientists carry out actions that have
comnton patterns. These actions that are conmon tosaenee are idenu-
fed as the processes of science. Below asaset off processes ol suence.
fhey are not the only set possible nor necessartly an exhaustive set but
they do reflect many of the features of scienee.
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AN oredeons/

burlding

ke ng \ observing m

\hyp'\theses/
\_/

.aeas

\the rear worid_ theories

/7 desngnmg tdh'\g / finding
tests and eadmgs ) patterns
exvenments, - — n data/

/’/_\ )
(/ manpuiating ™ (/zecordsng

aoparatus N\,
e g N——

A POSS I ST OF PIOCESSES 1N sCence

( )/']L'.'H-l':

You should be able to design a set of activities for pupils for a topic
in scienee that take the pupils through the processes of science,

Insinictions
* Read the notes below on possible pupils” activities for processes

imvohved in makimg scientific know ledge.

Pick a topic in science. possibly one of those listed below, and

plan activities for pupils that will help them develop some of the

processes of sdierice in the above set,

adaptation and survinval properties ot clements electrical conduction
HCNCHe vl ation states of matter conservation ot cnergy
predater pres relationslups effects o electrolysis dynanues of bodies

* Daiscuss vour proposed activaties with vour mentaor,

Notes onpossible pupt activines for proceases imrolved in making iennfic
kroreledy
Notieing patteras s the aeal 1weorld

Flus has to be some forme of demonstration or exploratory practical
work.

Viakig Ty pothee.
Durmg a demonstration this could be cared out orally, Wath explorat-

orvexpernments 1t mnght be followed up with sinall group discussions
and witing,
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Deesigning a test or experiment

Pupils could be encouraged to work in groups. Their product might be
presented orally or a writing and drawing exercise could be used. Such
design activities do not necessarily have to be for experiments the pupils
will carry out. The content of the topic can form a basis for the ac-
tivity but the focus can be on training pupils in designing tests and
experiments.

Obscrring and miedsuring

Pupils need to be given the opportunity to take measurements trom
instruments or to make origmal obsersations. With the focus of the
pupil’s activity on taking readings it is possible to train pupils by pro-
viding them with pre-set instruments in 4 circus of stations. This can
be retated to the experiments they have designed and tried but does
not have to be at the same time that they carry out their experiments.

Finding patierns in data

This can be a peneil and paper activity where pupils work from data that
is provided on a worksheet. Again this does not have to be the data they
collect in their own experiments. Pupils can both fearny content and be
tramed in this process as a single activity.

Building theorcs

Pupils should be asked to devise theortes for why the phenomenen under
study occur. This is not the same as deseribmg the phenomenon. From
the work in activity 7.1 vou should know that explaining “why" is niuch
more difficutt than saying “what'. This activity provides a useful spring-
board tor introducmg scientists thoughts about why the phenomenon
oceurs. Thisis the point to teach some content, [Eis also anoprostny
to contextualize the scientises” ideas with some activites on fe Lo
ol scienee. See activity 8.3,

7.4 Criteria for Acceptability of Scientific Knowledge

Moutn's Buet

Objom e+ Student teachers should be able to comment on theway puptls’
learnig of science refleces the values and beliets saentises them-
selves use to qudee the aceeptability of sdientific knowtedee.

L hours for the student teacher review mg, anabysmg and writing
; hour discusston with mentor
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Instrctions

- e Give the student teacher @ scheme of work which involves a stgii-
S fieant amount of practical work. This 1 best it meorporated into
. activity 4.4,
’ * The student teacher analyses the matenal tor evidence of imphae or
exphicit values,
—. e Iasanss the resubis of the review and analvsas with the student teacher.

Diasion pornis

With jumor and Tower secondary saience, the constramts of these five criterna.

set out at the start of the student teacher’s briet are weak and pupil investi-

Z strengthenmg of the constraint of the criteria that can inake learning science

less spontancous. more like protessional science, and perhaps less ciovable.
However, the reductoen of enjoviment in upper secondary science might. n
part. beatimbutable te these five enteria being latene and not made exphiet

by teachers. Papils can be encouraged it helped 1o see themselves developing
ther scrence shills through explicie discussion of these eniterna,

' : 7.4 Criteria for Acceptability of Scientific Knowledge
i

Stdonr Teahor's Boer

Hevc s asctof five values o behieis, providme anterna tor the aceept-
Aty of saentitie bnowledee, commen to scienosts gomg, about the
— buaness ot domy saence. The need for:

e settous attempts toocontrol varmables to solate effects, or the

_/ scttimg up of control experiments:

- o cpredoabihny of results nrespective of the expernmenter, tme
I and place,

o * s prease aprediction of etfects and phenomena as s possible,
= o cnctul estimation ot the errors mherent i the experiment so s
e ‘ net o ke danns that are ungustitied by the imtormation  the

o data;

— " .

explanations of why thmes happen mterms of materal medh-
ANISITIN,

(),'Il:”l'(
. Y oushenld beable to connment on the way pupnls” leamme ot saence
: shares common concern wath saentists” anterna tor the aceeptabahity of
scientific knowledge.
. I

Q
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gations are generally more spontancous and enjovable. 1o s the gradual
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[nstnctions

o Carry out this analysis m conjunction with vour work on actiy -
iy 4
L ook at somie activities e d seheme of v ork that your depart-
ment may be using.
Idenaty the places in the scheme of work where these tive cri-
tert tay be brought into play as an integral part ot the puptly’
learnimg of science,
I any of the five are not brought fnto play at any stage in the
scheme of work then vou should deade how the activities tor
the pupth nught be altered so as to make that mcorporation
possible.
Write 4 brict report on your analvsis,
Dyisctoss vour repert swith vour menton.

7.5 Your Nature of Science Profile
Montor's B

e Student teachars should be aware of thew positien wath respea
to maper deas on thie way saence nakes knowledge.

P hour tor the stadent teacher workime alone and then discuss-
mg ther profile
e 3 howrs for analysis o both Saence i the Navonal Curviestlum
and ~sorme departmental schames of work
hour discussion of profles with colleagues

Backgronond

[here s some reasen to beheve tat the actons any one of us takes are, to

2 large extent. determmed by beliefs we hold about the appropriateness ot

sucli actions: otr actions are dierven by our plulosophics. tew of us have well
worhed out, unambreuous, phidosophies that we can state and interrogate, but
s ]Nl\\ll\l(' tor us to plndllL'L' dorepertonre Uf.l'('\]nlll\('\ Lo \[WLIﬁL' HsLACCS.
s questonnare s mtended to lielp saence teachers expose and inspeet then
own phidosophies of scence threugh respondmg to speatic mstances,

Dot non.
Ihe student teachiar should complete the questionnare and then read

the exphinatory notes on the tollosving pace. @ The questionane s taken
flom Nott & Welhneton, 1993

131




Learning to Teach Science

* The questionnaire can also be given to other members of the science
department.

¢ When the questionnaire has been completed and the student teacher
has worked out his or her profile, discuss the results in relation to
the science that is being taught to the pupils, This could be a whole
department activity.

Discusston poinis

* Does it matter if ] the teachers in a seience department have different
profiles?

*  Are pupils likely to be contused by difterent phitosophies of science
presented by ditferent teachers?

*  How are student teachers” philosophies of science (and other teachers
tao) expressed in their presentation of science investigations for
puptis?

*  Ddoes Science in the National Curriculum have a profile? What is it?

*  Which philosophy of science is implicit. or perhaps explicit. in the
schiemes of work for vour department?

7.5 Your Nature of Science Profile

Stident Teacher's Biricf

Fhis questtonnaire is designed to give vou somie idea of your own philo-
saphy of saence. Please read each of the statements carefullv. Give cach

one a number ranging from Cstrongly agree” (+3) to Sstrongly disagred”
£-5) and place 1t next to the statement — a score of O will indicate a
halanced view . (For the moment ignore the mitials m brackets.)

(i dtionman

1o Resalts that pupils get from their expermments are as vahid as anvbody
che's. RP)Y
Saence s essentiallv a mascaline subject. (C)
Saienee Racts are what scientists agree they are. (CD, RIP)
Lhe object of saentitic activity 1s to revedl reahiev, (1)
Saientists have nooadea of the outcome of an experiment betore
they deat, (i
Saentfic rescarch s ccononncally and poliveally determmed. (C1I)
Scrence education should be more about the learnime of scentific
processes than the learmig of scientific facts, (PC)
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%, The processes ot science are divorced trom morat and ethical con-
siderations. (C1)
The most valuable part of a scientific education is what remuains
atter the facts have been forgotten, (PC)
Scientitic theories are valid if they work. (IR)
Science proceeds by drawing generatizable conclusions (which later
become theories) trom available data, (1)
I'here is no such thing as a true scientific theory, (RPIR)
Hunan cmotion plays no part m the creation of scientific know-
lfedge. (CIN)
Scientitic theories describe a real external world which s independ-
ent of hunan perception. (RPLIR)
A good solid grounding in basic scienufic facts and inherited sei-
entific knowledge is essential betore voung scientists can go on to
make discoveries of their own. (PC) '
Scientific theories have changed over tme simply because experi-
mental techniques have improved. (RPL CIN
Scientific method is transterable trom one scentific inyestigation
te another. (PC)
In practice. choices between competing theories are made purely
on the basis of experimental results, (CH0 RP)
Scientific theories are as much aresult of immagination and mtuiton
as mterence from experimental results. (1)
Screnttic know ledge is difterent trom other himds of know ledge m
that it has higher status, (RP)
Uhere are certain physical events i the universe wineh scienee can
never explain, (RPCIR)
Scientific hnowledge is moraliy neutral = only the apphcation of
the knowledge is ethically determined. (1)
All scaentific expernments and observations are deterniined In
existing, theories. (1D)

Science is essentially characterized by the methods and processes it
uses, (PCH

Producing yowr propile

Y OU CHE USC VOUT TOSPOTISCS, USHIE oUur scorimg systent, to work out
profile of your nature ot scaence. Took tor the imtals in brackets aften
cach statement. Put vour score tor cach question m the appropriate
Boxces) (Seme questions score” twiee!) Sone scores Tuve to have then
aen REVERSED treo mutuphy by @ 1Y betore they can be used. s s
pdicated by gt T nest to the numiber, eogu it vour response to statement
1 1v A then the score m the nght-hand column on the RP boses will
he 43,
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Tape 71

ranster the total marks from the columns to the positions on cach
refevant anis. Jom up the 5 marks. This is your profite at the moment.

RELATIVISM POSITIVISM
40 EX 24 ¥ ¥ ne ¢ L 2 a 40
O B S b beodecdde b e L

INDOIL TIVISA DEDUCTIVISM
20 6 12 8 4 10 4 R 12 6 20
(NN TN SR WS NN N AR SRS SRUUN NORY ST SR IO RN M AU NN R S |

{ONTEXTUAL SM ) ' DF CONTEXTUALISM
40 ar 24 16 B P 24 32 40
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PROCES DRIVEN CONTENT DRIVEN
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INSTRUNENTALIGN . 13E AL ISM
a4 20 15 i r ' v : 20 20
PR i i . I 1. 4}

SO POt DESC e

[neaprenng yorr mofile

Relatrron — Postirint aas

Rebatvisme The denial that things are tue or false solely based onan
imdependent reahty . The truth” of a theory wall depend upon the
notis and rattonahty of the socual group considermg 1t as well as the
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experimental techniques used to test it Judgmients as to the truth of
scientific theories will vary from individual to individual and from one
culture to another, i.c. truth is reiative not absolute.

Positivismi: The beliet that scientific knowledge is more valid

than other forms of knowledge. The laws and theories generated by
experiment are our descriptions of patterns we see in a real external
objective world. To the positivist, science is the primary source of
truth. Positivismi recognizes emipirical facts and observable phenomena
4y the raw materials of science. The scientist’s job is to establish the
objective reladonships between the laws governing the facts and the
observables. Positivismi rejects enquiry into underlying causes and ultimate
origins.

Inductivisn — Deduetivism axis

Inductivisny: ‘The belief that the scientist's job is the interrogation of
nature. By observing many particular instances, one is able to infer from
the particular to the general and then determine the underlying laws and
theories. According to inductivism scientists generalize from a set of
observations to a universal law, inductvely. Scientific knowledge is built
by mduction from a secure set of observations.

Deductivism: The beliet” that scientists proceed by testing ideas
produced by the logical consequences of current theories or of their
bold inaginative 1deas. According to deductivism (or hypothetico-
deductivism), scientific reasoning consists of the forming of hypotheses
which are not established by the emipirical data but may be suggested by

them. Science then proceeds by testing the observable consequences of

these hypotheses, iceo, observations are directed or led by hypotheses —
they are theory haden.

Contextalisn —— De-contextualism axis
Contextualism: The view that the truth of scientific knowledge and
process is inter-dependent with the culture mowhich the scientist lives
and mowhich it takes place.

De-cantextualism: Phe view that scientitic knowledge is independent
ot its cultural location and sodiological structure,

Process — Clontent axts
Process driven: Science is seen as a4 characteristic set of adentitiable
methads/processes. The learning of these s the essental part of science
cducation,

Content driven: Scrence s characterized by the faces and deas it

has and that the essental part of science s the aequisition and mastery of

this bodv of knowledge.

1
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Instrumentalism — Realism axis

Instrumentatism: Scientific ideas are fine if they work. that is they allow

correct predictions to be made. They are instruments that we can use

but they say nothing about an independent reality or their own truth.
Realism: The beliet” that scientific theories are statements about a

world that exists in space and time independent of the scientist’s per-

ceptions. Correct theortes deseribe things which are really there. inde-

pendent ot the scientists, ¢.g.. atoms.,
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Chapter 8

Science and People

Aims

£ s peaple who do saence and the results of scientific endeavour affect peo-
ple’s hives, The past. the present and the future of science are intimately in-
volved wath people: the future of Science will be dependent upon our pupils,
We ey help them toosee that they can contribute to that future if we pay
attention o the peoaple who developed our scientitic knowledge and skills to
whar they are now. The aims of this chapter are to help student teachers
My estigate:

o hew pupils see saence and saentists and to think about what weachers
doto promote particular mages:

* the contnbution a knowledge of the lnstory of science nuakes to im-
proving science teaching;:

+ the colc et saence mosocety and how can we explore this relationshup
ar the classroon,

¢ the swavs e winch the cthircal issues that are taised by scrence nnght
Lo proesented and explered by pupils,

Introduction

A sty of the poet prosent and posable futures for saence involves ashing
que-tons about the histers of saence, s sodal Tocation and the etdhieal issues
that sacnee tases. s s education abonr saence rather than educanon i
scicnec e soence educiteon by dese saenee (Hodson, 19901 10is the part of
sacnce edacation that s most easthv lost under the pressure of Attaimment
ooty GOSE and A evel examnnations, veport forms and many other
teutine adnonsteagtne pressures Tes the part of sacence education that mav
net evee peattempted because sarence teachers are, by and large, not his-
rortus, socologists and moral philosophers.,

Sowcace eachers do et carry the sole cesponsibihits tor the mmages of
e that puptls have, Pupils e o distorted mipression of soience trom
ares ef sacnice that e presented an evervday lite. Television, radio, tiw
cnenreand books carryvannees of saentists and saence therefore, even hetore

M .
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"").'L



Learning 10 Teach Scienee

tornul scrence educanon begins, young children have some mmage of scentists
and sdience and acoviey 81 involves rescarching these images.,

Gender ditterences, as contributors to difterentiated cutcomes in science
cducanion, have been under active myestigation since the 197050 The research
findmps have conoributed o changes i carrienlar provision. Science i the
National Curricnlunm was, o part, motivated by a pereeived need to redress
the nmbalanee between the pupil uptake me ditferent sciences in Years 10, 11
and besond. It was thought to be a bad thing that many bovs could fcave
schiaol wathout aoy toermal seicnutic knowledge of their onwn bodies or that
sirks conld leave school without any knowledge of the saience behind the
clectramedhamcal apphances used o datly Qites Seudent teachers are hens o
these changes and need to become aware of thar Bimpact on classroom hte,
Activity 8.2 provides an opportimity to desclop pupils” personal responses to
sarence, withm topie areas. with hinks beeween sacnce methe classroom and
dahy e,

Tudividual saenusts are histoneally socally - economical v, pobncally and
seographically focated. Yncavwareness of this is very usetul to scence teachers,

[he contest of serence e be exploted inteachimg about sacace by providing

pupth with wctnvaties that explore saence mats contexte s approach goes
buvond the siiple Tnstoriaal Inguining into the application ot saence intech-
nolivay v a pepular extension acusats tor pupnls. Materials sucvas Sceice and
Fechnedogy i Soacry < S VIS am the Assocation for Saence T ducation’s
and the Hemenrmi series. Readire Abewr Saence have had sigmbicant uptake
m the UK Acoviny 823 provides sadent teachers sith a stractiired opportun-
iy to esplore the pupil acuvites methese matennals,

Fhe Tustory of sacence provides an opportumes to me oduce o difterent
personad dumensien. Our saience teacling e benefit trom meorporating maore
on the Tves and works of carhier saentises. This aspedt s often forgotten or
convered mornval terms by simply assocattng names wath speatic deas, Fyen
Lmementary examination of such simppets shows that they are at best sim-
phstic o at worst meorrect, cogn, Darswm ivented evoluton™. Tncall cases.
these saentists were put ot g soaety fiemyg particular prablems that hrought
partscular aspects of saenafic thinkmg to the Tore, Darsvm’s achievement was
te brmg together and nake coherent ideas that bad been aromnd tor some
tmes Seowhy was this a problem Darwom was prepared to tacdkler What was
the soaety he was svorkimg i Tike at the tee? What Kind o person was he
hineselt’> What problems did Tie tace e the devclopment ot his adea® Hhe
answets tosuch questions help to set saence mea personal context and provide
an opportunity for culdran to realize that saence s a human activaty, 1talkso
Breaks the subject barmers thae tocns pupils attention on ditferences hetween
subjects. Acuvanes tor stadent teachers i 8ebare to help then to think more
cnticaiy abont aceaties tor pupils wlunch e bnld pupils” Knowledee of
SOICTICE'S st

SATIS materals contan wayines that involve guestions to which there
ae moral and cthical dimensions. Acovity 85 08 devoted to theses Sich
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materials are amongst the hardest to use and w takes askalled. confident teadher,
whoeos suthiciently fanulr wich the children, to relax their grip on clissreom
control. Tormat debates and discusstons. drama and role play are so far re-
moved from standard science teaching that teachers must be contident enoagh
to risk potential tatlare madopung them. For this reason the exploration of
moral and cthical questions s otten left out of classroom acunaties. Many
puptls find these amongst the most meeresting aspects of an- education abonr
~awnce. Phey are the ssues of the day which help shape the futire of science.

8.1 Images and Attitudes to Science
Mentor's Bt

Obiective o Student teachers should be able to comment on how pupils’
mages of science might be changed through changing puptls’
detivities,

Limg * 2 howrs tor student teacher mterviews, reflection and writing,
o/ hour discussion wath mentor

Backgiownd

Phis acunaty s designed to provide an opportunity for student teachers to
explore children’s images and athitades to science, Research shows that scienee
can be one of the least popular of school subjects (Whittield. 1979). At the
time of change over to compulsory scienee to Year 11 in the UK. the data for
subject choices at A level seem to be showing that a curriculum which forces
puptls to study all three saiences for approsimately 20 per cent of the curri-
culim e has not ted to an inerease in the number of pupils choosing, to
continue with science post-16,

In particular. the number ot @irls choosing to study sciences for A level,
other than brology L renains disappointgly tow. Head (1983) has argued that
science s seenas being objective. detached and not concerned with people.
Fhe arts, however. are seen to be concerned with emotions, aesthetios and
peaple. Since adoleseence is aeracial ume when chitdren are seeking to define
their identity . subject chotee is 1 statement about the Selft Girls can be put oft
asubject which seems to be impersonal, unemeotive and which does not retlect
thei; vatues.

When asked to draw asarentist, dildren predonmmantly draw the stereo-
nope o aowhiee male mea b coat with glasses and wald har, There s some
cvidence though that chuldren recogmize the mntations of this mage and
that when asked. "What do screntists do?™ and “Are real scientists like your
drawing?'. their answers show a better understanding, of scienee.

-
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Science laboratories themselves can appear to be cold, impersonal envi-
ronments lacking such creature comforts as carpets, Howers or plants and
interesting, wall posters. In addition. much ot science education s presented
through the use of apparatus which sometinies seems deliberately arcane and
whose use is restricted solely to the science laboratory . reinforcing the notion
that scicnce 1s 4 specialist activity undertaken only within institutions rather
than giving the impression of scienee as an everyday activity of great personal

relevance,

[nstrucfions

+  Briet the student teacher well in advance.
Phis activity aught be carnied out m conjunction with the second part
of activaty 5.1b.

o Darect the student teacher to pupils m Years 7 and 11

o Dascuss the student teacher’s report.

Disanston points

Factors which contribute towards children’s impressions ot science ¢ be
bevond the muence ot school: wuch as the contribution of the media. Uhis
discussion should bring out some of the situations and actions in school which
contribute towards children’s impressions of setence and over which the school
has control.

o Dysplaving pupil’s work on a regualar basis 1 4 routine that teachers
can imvoke without any major upheaval.

e Hlaving more posters of scienee indaily lite will abso lave a positive
intlucnce.

e Changmy the mtroduction to topies so they draw more heavily en
puptls” expericnces n daily life.

o Large seale changes in the type of pupilactivitios., sequencing ofactiv-
ittes and learming objectives i schemes of work.

o Prery saence teacher carries the personal responsibility of promoting,
sorence as o wortha ide human endeayeur.

8.1 [mages and Attitudes to Science

Stident Teacher's Bl

CHrpe it

You ~heuld be able to comment on how puptls” uges of saence might
e changed through chanemy puptls” activties.

1o .
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Insivucinom, ’

o Fords acovity s vou will need to work with a sl group ol
pipils o ahernaoyely wathe indivadual pupis. As o i
vou will need to tatk o boy and girl from Year 7 and Year 11
You should tihe notes of the answers that the pupils give.

o Warme-up® vour mterviewees by asking them abaut how therr
dayv has gone so s Pxplam that the parpose of the activiey s
to tind out what they tunk saentises” work is and what they
think ot the saience that they do m schocl Inorder to get them
to talk treelys vou swill huve toassure them that anvthing they
tell vou s confidentnl,

* Atter vour ncoduction ask the followimg:

Conld von please draw a preture of saentist for mes

Do real saentists look Tike yvour picture:

What do saentists do?

Caneyou telb me the names ot any saentst that vou hiiow ?

Contd vou write dowialt the subjeces that yonn doand then
sort them mto three groups: those yorr ke, thowe vor
don't Iike and those vou don’t mund.,

You put saence m the o proup.

Can vou el me what it s about scrence that made you
choose that group?

What activities doovou most bke dame e saence?

Some puptls think science s borme, What do vou ik
Why do vou think thae:

What would nake saence e mteresting, for vou®

* Gontog room used for teadung Foehshoand ke o few notes
o the appeatance of the roon,

Haow st funnshed:

Are there recent posters on the walf?

s chntdren’s work desphived®

Is there any specuhst apparatus and what mpression of the
subject dees e gine:

* Now gotoatpiab saence biboratory and ash the same questions,
What nnpression do vou vet trom any apparatiz o spedinicns
that mieht be out or on shiow i disphin cabinets?

by and sumananize voumr overall nnpre aons of e contrast
between the two :

o Woate a boetreport onvom findimes. Consider the tollosw e
vodln teport

What meaee do papils have of oence .

\Chat asttitudes dospoprls Tave oo sacnees

Which scliool experiences are possibly responsible for torm
e then nnprossions®
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Flow might school science activities be changed ~o as to put
4 more hunun face on scienee?

8.2 Promoting a More Personal Response
Mentor's Brief

Objectire+ The student teacher should construct a display that develops the
theme of seience in everyday life for some topic taken from a
scheme of work, and use it in teaching the topic.

Tone 3 4 hours student teacher preparation
'/, hour discussion with mentor

Back¢ronnd

Young children are naturally very concerned with themiselves and their own
personal identity and enjoy that element of the personal and subjective. The
personal clement is an aspeet student teachers often overlook initially. see-
ing their task as one of dehivering the teaching and fearning of the concepts in
the departmient’s scheme of work. Phas activity seeks to explore how we can
encourage the personal response in education about science by relating science
to teatures of puptls” daily hives,

Pasorctions

Identity a topic thit nught be mminent in the programme of study
for pupils in classes that the student teacher will be working with.
Direct the student teacher to the activity notes,

Discuss progress on compiling the display with the student teacher.
Arrange for the lesson m which the display will be team taught.
Arrange for feedback o the student teacher on the effectiveness of the
ACUN LY,

Discuss the use of such activities, and alternative activives, with the
student teacher.

Divaesien potnts

[ he display helps to bring the evervday sworld muo the saencee lesson.
Lhe imvitation to open ended woting makes the stat ot a topic more
approachable as there are no right™ answers.
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Pupils, as is everyone, are more at case with the tamilar and this
builds confidence to proceed.

Bringing the real world into the classroom will probably be more
cffective than using photographs. cartoons, text and video clips. So.
tor examiple, real spectacles, real bottles and glasses and real tanks of
water would be better.

Freld-trips. hospital, factory and workshop visits as well illustrated
talks by speakers all help to bring the world into the classroom. Local
SATRO representatives will be able to help put you in touch with
local industry. The contact address for the National SATRO co-
ordinator is in this book, Appendix 2 (sce p. 211).

8.2 Promoting a More Personal Response
Student Teacher's Bricf
Objective
You should construct o display that develops the theme ot science in

everyday ite for some topic taken from a scheme of work and use it in
vour teaching.

Instrictrons

e Discuss wath vour mentor a suitable topie from the programme
of study movour school, c.p., refraction,
Fhink caretully about how the science involved enables vou to
explain events moevervday tife. Write out what the evervday
cvents ares e secing differently through spectacles: lovking at
abjects through other transparent objects, ke bottles and glasses: -
faoking at the bottom of a swimming pool cte.

Collect documentation of those events in everyday life. You
nught collect photographs, newspaper articles. cartoons, video-
chps.
Compile yvour documentation mto a display that can be used as
A pupthactiviy to start the topie.
ik about how the dispias s presented tocdhie pupiis and what
they will be asked to dos You night:
ashothem to write an open ended prece about what thes
notice i the montage. Hins could tike different forms
pocins, letters, new spaper atdies,
mavite thom remake onewacs ahvar the cwonce thiat s com
ten to the clements m the diphie T conl e caann
ten tsk,
provide them vath o scnes of sanctared questiens,
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group questions and frame them so that they form a type
of comprehension exercise that goes from reporting what
15 in the montage to explining how things happen.
Constder what the next activity for the pupils might be in terms
of focusing their attention more carefully on the phenomenon
involved. Write out a brief scheme of work (topies and activ-
ities) for the next four lessons that follow on from the display
mtroduction,
Trial vour activities in a team-teaching situation.
Devise amendments in the light of pupil responses.
Now consider these questions for discussion with your mientor:
How might the work with the display help pupils to have
4 morz personal response to science?
What might be more eftective than a displav?
How clse could you link science ro daily life?

8.3 Science And Technology In Society: The SATIS
Materials

Menton's Buef

Obgecre+ Student teachers should be able to identify a vaniety ot difterent
puptl activines involved m SATIS-tvpe work.

Lime 1 hour student teacher reviess of SATIS materials
15 numutes discusston with mentor

Backorowond

[he application of science is mtmately bound up with technology . and
techmology changes the way people live thewr lives. Science and technology
are ot the same thing but many people have difficulty in distinguishing
Letween the two. A crucial disturction hes i the faet that science has theories
that enable 1t to constder the question, "Why does it happen?” Technology as
practised by nany societies was, and s stilb, nothing more than a Ctrial and
crior” technolopy . Soaieties two thousand vears ago i Africa, and even as
recently as two handred vears ago m Britun, may have known how to nuke
steet but they had no conception ot why the process worked and therefore
no rdea of how to mprove the process, other than by tnkermg. Suceesstul
saentitie theortes enable predictions to be made which can be tested aganit
expernnental evidence and have stood the test of tmie,

Fhe tradional approach to science teaching has tended to place apphea-
fons s atter -thouglit and traated technology as bemg a bolt-onextra, There

I
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have been eftforts to strengthen the links m secondary scrence education through
resource materals such as those published by Hobsons in their series of Sci-
ence Plus: Biology Plus. Chemistry Plus and Physics Plusc However the "Plus’
does not challenge the myth that fiest there is science and then there is it
application, thus totally 1ignoring the other direction ot low in this two-way
street where technology provides science with the phenomena it might invest-
igate together with the social setting in which such issues are seen as being
worthy of rescarch.

The fact remains that technology is the most visible, pervasive and intrus-
e aspect to scientific development and change. Pupils are daily confronted
with technotogy in a way they are not confrorced with science. Salrers Scicnee.
tor example, takes as its starting pomts "Food', “Clothing', "Warmth’, "Drink’
and “Buildings™. These topic titles acknowledge that the issues of technology .
its uses and abuses, are tar more pressing in pupils” minds than the question
of "Why does 1t happen?’

Dstrtections

*  Direct the student teacher to survey SATIS maternals and then to
report back.
*  Discuss the student teacher’s report.

Disctission pornts

Fhe SATIS inaterials include the tollow g generic activities:

gquestionmaires where pupils mist check o agree/disagree/don’t know:
debates as role plays:

comprehension exercises:

data analysis exercses:

small group discussions;

sugeested experinients,

It s usetul to highlight this pomt about generic activities m pomting, to how
the techmques can be adapted to other content maternl.

8.3 Science And Technology In Socicty: The SATIS
Materials

Student L eachor's Bt
IRTENT

N o should be able to denuts avaneny eof ddterent pupil activities m
SATIS-tvpe wank,
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Instructions

Collect a set of SATIS materials tor one age group.

Quickly scan the materials to see what they contain and what the

format 1s.

Return to work through them systematically, bon't read the

materials. rather, fook tor

— patterns in the ways in which they locate scienee and techno-
logy in a social context.

— the difterent types of pupil activity that re-oceur.

Keep notes as vou work., A chart or table might be usetul.

Report back to vour mientor.

8.4 Incorporating Historical Material

Mentor's Brief

Objeaire o Student teachers should be able to construct worksheets that
make use ot historteal material and to trial them with groups of
pupils.

Lime e 3-4 hours student teacher preparation
o /- hour discussion with ustory teacher

Backeround

There are ditterent approaches to the study of history, In science the most
popular approach is that of ‘the great man®. The “great man® view of history
v underfined by the nomenclature of units associated with their work, This
particular approach to history s not helptul in science education. Firstly, it
does not accurately model the historical process itself in which the bit-part
plavers are just as important as the hero of the picce. Scecondly, the focus on
biography gives rise to anecdote. not alwass accurate. and often misleading.
m terms of how knowledge is advanced. Thirdlv, the conceptual changes for
winch the “hero™ was responsible are actually trivialized in paving no atten-
tion, or cawstically dismissing, what went betore. More pressing. from the
pome of view of science education, the “great nan® approach can ahenate
rather than encourage: "There were so few swho were successtul, how can
possibly be like them?

An alternative s to focus on the explination of some natural phenom-
cnon that puptls have been studving, The questton of what the pupils think
about that phenomenon should have already been raised —- they may be

|46
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unclear in their own ideas — so it is encouraging for pupils to learn that they
are not alone: other people thought as they do. This then re-directs attention
onto ideas and the evidence that led to those ideas being changed. and some
of the changes of the past are echoed in the pupils of today. Pupils can be
encouraged through knowing that if others have started from the same posi-
tion and moved forwards. so can they.

The key advantage to this approach, from the point of view of constructing
a scheme of work, is that history has a natural place in helping pupils change
their ideas. It does not have to be bolted on. Education i science can be
combined with cducation abour science. '

The student teacher will need access to illustrated books that contain
information on the history of science. The ASE in conjunction with the Brit-
ish Society for the History of Science have published a Directory of Resources.
The address is given in Appendix 2 (sce p. 211).

Instrgctions

¢ Direct the student teacher to the activity.
¢ Discuss the student teacher’s worksheets after he or she has visited the
history department.

8.4 Incorporating Historical Material
Student Teacher's Brief

Lip-service has long been paid to the notion that a complete science
education iv one that meorporates some clements of the history of sa-
ence. The problem is how to do this and when to do this. A possible
place in a scheme of work is after pupils have explored some natural
phenomenon and produced their own ideas as to what is happening and
why. Being tamiliar with the phenomenon, and puzzled by it. they may
be more interested in the history of how it is that we now think what
we do.

Ohbjecire
Y ou should be able to construct worksheets that make use of historical

material and trial them with groups of puptls.

[nsnhinctions

e Discuss asaitable topic from the programme ot study in your
school with vour mentor, :

PAFullToxt Provided by ERIC BN
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*  You will need access to books that deal with the history of sci-
ence and are well iHlustrated. Find out the following:

What did the scientist most associated with this topic think?

How did the scientist come to this opinion?

What was the key evidence?

What did people think about the phenomenon beforchand?

Why did they think that?

(Pupils might be encouraged to recognmze clements of their
own ideas in the thoughts of people from the past. Their
1deas can be rendered less naive, and thereby less alienat-
ing to the purpose of learning science, if they can see they
are not alone)

What was lite like at that time in that place?

How had this phenomenon come to attention and why was
it in need of exploration and explanation?

How had vour chosen scientist become involved?

What biographical data can you find out about the scientist?

* Find pictures related to the scientist’s life and times.
*  Now put together two worksheets. Be imaginative in your
compilation,

The first should be on the development of the scientitic
idear

The second should fo us on the life and times of the sci-
entist.

Far cach of the above you will need to do the following,.

Write out your own text and add itlustrations,

It should not be any more than one page of A4,

Write comprehension questions to go with cach of the texts
and tltustrations.

Nine questions are probably enough.

Structure the questions,

The fitst three questions should ask for information that can
be obrained by copymg from the text directly or deseribing
anillustration.

[he fourth to sixth questions should require the pupils to
combine or compare information in the text or illustra-
tions.

The tast three questions should ask the pupils for their

opmions about ssues that are related but not esplicitly
mn the test.
Lake vour comprehenstion worksheets toa lustory teacher in the
schaol. Ask them tor ther opmion and advice on vour etforts.
o lrual your waorksheets with pupils,
o Dascuss the results with your mentaor.

PAFullToxt Provided by ERIC
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K 8.5 Ethical and Moral Issues
Mentor's Brief

Objective » Student teachers should be able to report on how moral and
- cthical issucs might be incorporated into a revised scheme of
] work.

Time « 3 hours for student teacher preparation tasks
» '/, hour discussion with drama teacher

. Background

The introduction of moral and cthical issues can be a very motivating feature

_ of science education for young people. Student teachers need a great deal of

confidence and some help in devising appropriate strategies for such pupil

' activitics. The debate format is undoubtedly casier to handle than the more

open-ended drama. Both might be best placed at the end of a term and perhaps

towards the end of 4 student teacher’s training period. This work should be
part of the revision of a scheme of work that is discussed in section 4.5.

Iistructions

o Direct the student tea her to this activity as part of the work on
activity 4.5,

8.5 Ethical and Moral Issues

Science throws up cthical and moral questions which are of great interest
to young, people who want to know how they should behave and how
other people are likely to behave in given situations. Science teachers
= avoid these because they are rarely, if ever, part of a syllabus for exam-
— mation and teachers themselves do not have a repertoire of skills for |
providing suttable puptl activities, i

!
i
Student Teacher's Brief ) i
i
i

— . Obyectn

You should be able to report on how moral and cthical issues nght be
; mcorporated mto 4 revised scheme of work.

- 149
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Instructions

The following are SATIS 14-to-16 activities that involve debate or pub-
i licinquiry. They offer one way of handling moral or ethical issue with
a class:

: 409 Dam problems

502 The coal mine project

503 Paying for the National Health

! 602 The limestone quarry

' 6U8  Should we build a fall-out shelter?
1002 Quintonal: an industrial hazard
1003 A big bang.

You should do the following:

*  Review the SATIS activities listed above.

e Decde how they work.
What are their mechanisms in terms of pupil activities?

¢ Devise a debate activity that can be included in the scheme of
work for the topic you are revising in conjunction with vour
work in sectron 4.5

e Discuss vour debate outline with vour mentor.

Drrama aan provide a way ot exploring moral and ethical issues with a
class. You should do the tollowmg:

e Discuss with a drama teacher in vour school how they go about
structuring pupils” activities for the workshop development of a
plav. Find out the foliowing.

What are good opening activities?
Howe this is followed up?
How is the development of the play organized by the teacher?
How are pupils” roles and the plot hoe developed?
Do the pupils do any writing?
What record is hept of the pupils” works?

PAFulToxt Provided by ERIC
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Chapter 9

Progression in Pupils’ Ideas

Aims
[he ams of this chapter cre to:

o miake student teachers aware of the concepts that pupils of diftering
age and ability hold about some commion natural phenomena;

o ofter student teachers an explanation of that diversity 1 terms of a
nioded o cognitive development;

o characterize the mam teatures of the model and the stages of cognitive
deselopment that the model describes:

o ntroduce the idea of assessing the cognitive demand made by scienee
concepts. and of choosmg levels of coneepts to suit pupils of varying
ace and abihityy

o <tart student teachers thinking about ways of encourdging cognitive
arowth i ther puptls, especially through the use of well-designed
cogtntive conthiet activities.

Introduction

Fruptls Cn ke progress through the science carnicaluny inea number of
W '

e jrom one topic to another (from respivation to photosynthesis);

o from one context to another (from respiration in mammals, through
FespIration o nsects, to respiration in plants):

o the complenity ot the coneepts they deal with (from respiration
as Conveen plus sugar produces carbon dioxide and warmth’ to the
“cellular chenstry of respiration’).

Phis chapter s concerned wath the last of theses Teis based on the idea that
nkdrons il to process information, therr thinkimg ability. deselops slowly
avith eaperience and interaction, and that the information-processmg capability
of v particular duld will set imits on the complexity of conceepts that the child
cmcope with Such a view has sertous implications for science education,
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We have operations m the working of our minds. or ways of thinking.
which cnable us to construct knowledge. Jean Piaget and his co-workers in
Geneva found that these cognitive operations develop progressively and
sequentially. This development is not just a matter of becoming faster or
more full of knowledge: there are qualitative changes in the way that children
process new information as they develop cognitively. Stages of cognitive
development were identified by Piaget and labelled as sensori-motor, pre-
operational, concrete and formal operational,

In secondary science education we generally require pupils to use concrete
and formal operations. Concrete operations are mental operations on concrete
variables, that is variabies which can be directly perceived, such as length,
weight. colour or shape. Formal operations are concerned with variables that
are derived. second order: such as density, pressure or oxidation number.
Formal operations are needed to use abstract models. such as kinetic theory or
theoretical models of the atom or cell. to make predictions about the effect
of changes in model parameters on the macro properties of materials or organ-
isms. For more detail and examples of science concepts available at cach stage
of cognitive development, see Towards a Science of Science Teaching (Shayer &
Adey. 1981).

Therce is some controversy as to whether “concrete operational” and “tormal
operational” may properly be used as descriptions of individual children. Does
concrete operational behaviour in one context signify a general character-
istic of the child, that is will the same child use concrete operations in a dif-
ferent, more famihar, context? In this chapter, a strong Piagetian line is taken
inrecognizing that pupils” stages of cognitive development will limit the
responses they can make to a problem. But recognition is also given to the
fact that however intellectually powerful people may be. they cannot solve
a problem unless they have the necessary background knowledge. Both
knowledge and processing ability are necessary for academic achievement.

During their first weeks in school, student teachers need to become aware
of the fact that papils have a range of ideas about different natural phenomena.
In activity 9,1, student teachers are directed to explore the ideas individual
pupils hold. The activity involves talking to pupils and recording their views.
[t iy essentially a data collection activity. The data can then be used for activity
9.2, in which student teachers are invited to find patterns in the pupils’ ideas.
Initially this sifting and sorting relies on the student teachers’ intuitive cat-
cgories. Later in the activity, the student teachers are introduced to descrip-
tions of Plagetian stages and invited to use these to categorize pupils’ ideas
collected in 9.1, Activity 9.3 develops student teachers” familiarity with the
Piagetian stages through asking them to apply the descriptions of different
stages to analyse objectives appropriate to learning science. The analysis can
be extended to Science m the National Curriculum. Some grasp of progression
m the Jevels of the attameent targets can be achieved from this activity.

One of the tenets of the Plagetian model of cognitive development is that
children progress through cognitive action. Children need to have expertences
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that make them think. Science teachers must therefore find activities for
pupils that require thinking. The choice of activity and the sequencing of
activities play an important part in providing pupils with the cognitive con-
flict that aids their cognitive development. Actvity 9.4 allows student teachers
to consider how' their lesson planning and schemes of work in science might
accelerate pupils’ cognitive deveiepment.

Progression and differentiation are the obverse and reverse of the same
com. Student teachers are directed to consider the implications of ditferent
rates of progression amongst pupils. In any one class there will always be a
spread of pupils’ thinking. That spread is obviously greater in mixed per-
formance or unstreamed classes. Teachers need strategies to help pupils at
different stages of progress. In activity 9.5 student teachers are directed to
constder the issue of differentiation.

9.1 Children’s Ideas about Natural Phenomena
Mentor's Brief

Objecive » Student teachers should be able to report on the range of pupils’
ideas on selected natural phenomena.

T ¢ 2 hours to intenview arange of pupils on ditterent phenomena
o /. hour discussion with mentor

Background

Student teachers often find it difficult to come to terms with the way in which
nany pupils scem to fail to understand apparently basic concepts in science.
They tend to assume understanding has been achieved just because the material
has been carefully explained, a practical has been done, and the pupils have
weemed to attend and nod sagely. This activity is intended to give the student
teacher tirst-hand experience of the types of concepts which children form.

Tastructions

e Select Year 8 or 9 pupils tor the student teacher to interview for their
ideas on natural phenomena. (Year 9 is best in a4 mixed ability school
for producing 4 suttable range or different ideas trom the pupils. Do
not use Year 7 pupils as it is tow casy for student teachers to write ft
thar nusconception“because they have not been taught it yet'. To
word pupils” ideas bomg rationalized as idiosyneratic. do not choose
pupils who are aither exceptionally bright or who lase serous learn-
g ditticulties. The student teacher should have the opportunity to
wee that some misconceptions are common even with average pupils.)
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* [Discuss with the student teacher the topic on which they will collect
data. Suggested questions on three topics are in the student teachers'
nees:

The Earth in space
Current clectricity
Solutions :

» Guide the student teacher with the advice that each interview should
last about 15 minutes.

*  Discuss the student teacher's experiences after the interviews.

Discussion pornts

[t is important to impress upon the student teacher that what might appear
at first sight to be a rather shocking level of misconceptions amongst pupils
s in fact not unusual. This is not to say that we should be content with it.

but to highlight a very common phenomenon and so be better prepared to
deal with it

9.1 Children’s Ideas about Natural Phenomena
Student Teacher's Bricf

Although you can get some idea of what pupils think about different
science coneepts by looking at their written work, the best way to probe
their understanding is by talking to them. Pupils have a range of ideas,
many of which can be quite sophisticated in complexity. Many of their
ideas are not the samie as those of scientists. Teaching science inyolves
working with pupils” ideas and helping pupils to change their minds.

Objective

You should be able to report on the range of pupils’ ideas on selected
natural phenomena.

Instructions

You must have a pencil and paper for the papil to draw on. You might
find 1t useful to tape the interviews. For the electricity topic, a cell, some
connecting wires and & couple of bulbs would be usetul but not essen-
tial. For the work on solutions, a glass of water and some salt or sugar
will be handy.

* Your mentor will select some pupils tor you to talk with,
* Three topies are suggested below. Decide with your mentor
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Progression in Pupils’ Ideas

which topic you wish to investigate, and interview all of the
pupils on the same topic. If you have plenty of time, you could
then do a second topic.
Below are some notes on possible questions for three topic areas.
Read the notes,
Check with the class teachers that you can talk with their pupils.
Tell the pupils that you are not assessing them, just trying to
find out more about what pupils think.
In every case, start off with some easy questions, and gradually
probe more deeply, but if the pupil is obviously lost, do not
press for high level answers.
Take your time, and allow the pupil plenty of time to answer,
letting the pupil talk around the topic. Provide the minimum
aniount of help needed to move the interview on.
Vary vour questioning according to the responses the pupils
‘makes.
Your aim is to find out as much as possible about what they
think.
Keep a record of pupils” ideas by writing notes as they talk.
Encourage them to make drawings, Collect the drawings and
label them with their names,

*  Discuss how the interviews went with your mentor.

s Keep vour notes for analysis in activity 9.2,

Nutes on possible guestions for three topic areas

The Earnth in space

What sort of shape do you think the Earth is?

Have you heard people say that the Earth is round? Do vou think
they mean like a football, or flat like a disc (record)?

Draw what you think the Earth is like.

Draw some people standing on the Earth.

Can you draw another person standing on the other side of the
Earth (in Australia)? .

Draw some clouds with rain falling on the people,

Why don't the people fall off?

What do vou think gravity is? Where does it come from?

Solutions

What happens it you put a little salt in water and stir itz How does
this happen?

ls the salt still there?

I what way 15 the water similar or difterent from how it was to
start with?

Q
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In what ways is the salt similar or different to how it was before?

Does the solution weigh more, less, or the same as the water before
the salt was added?

If I went on adding more and more salt, what would happen?

What would happen to the weight of the water?

If I did it in 2 measuring cylinder, would the level of water rise?

Probe for some sort of explanation in terms of “particles’ of salt and
particles of water. It appropriate, seck decper understanding in terms
of sodium and chloride fons.

Churrent elearicity

Can you muake this bulb light, using this battery and wires? (in
practice or as & drawing)

What makes the bulb light?

Where does the electricity come from?

What happens to the electric current when it goes through the bulb?

Show me how it travels from the battery to the bulb. Put arrows
on the wires in your drawing to show the direction it lows.

At this point you may need to make some corrections to ensure that
they have a complete circuit.

Is chere the same amount of current all around the circuit, or is there
less in some places than others? Why is this? How could you test
this?

It all of this has been easy, draw or make a circuit like this:

Faare 3 A eied 0 d 1caet Satabie 108 Giscus s G wth s
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Ask guestions about current m cach part. about cnergy transter in the
bulbs or about what happens if you unscrew cach bulb in turn. ;
|

More probing questions mclude:

'

If the same current returns to the battery as leaves it. what is trans-
terred from the battery to the bulbs? How? T

i
9.2a Patterns in Children’s Ideas about Natural Phenomena
Menror’s Brief

Ohjective o Student teachers should be able to examine children’s ideas to
ce if there is patterning and consistency.

Time e 2 hours for the student teacher to interpret their data, read the
notes, make comparisons and write a briet report
» i hour discussion with mentor

Background

Questions like those in activity 9.1 have been asked of pupils by researchers

in many schools (see Driver, er al, 1994). Student teachers need to be aware
that the misconceptions revealed in the interviews are not peculiar to your
wchool or to this particular group of pupils. Since they are widespread it is
likely that they are systematic. Key determining factors arise from the com-
plexity of the concepts and from the limitations in pupils’ abilities to process
wuch concepts. Later activities in this chapter will explore ways of describing
this complexity and suggest what might be done to merease pupils’ processing
abihity.

[nstructions

e Iarect the student teacher to the activity which involves sifting and
sorting the data obtained from activity 9.1. {Note that the categories
m the table for ditferent age cohorts are taken from rescarch findings.
The percentages in the table were taken from survey dat collected on
the distribution of Piagetian stages of cognitive processing.)

»  Discuss the student teacher’s report.

Divanton pornts

e Student teachers should get a teehng for the way in which pupils” ideas
are not random but are systematic. The tact that they are systematic

-
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means that 1t is possible for teachers to find ways of helping pupiis
change their minds given the constraints of the stage of cognitive pro-
cessing of the pupils.
* Experimental error is & problem with small samiples of pupils espe-
crally if the sample itself is not representative of the distribution of
. Piagetian stages across a same-age cohort.

. . - P T e e e et e e

- ‘ 9.2a Patterns in Children’s Ideas about Natural
' Phenomena

: © Student Teacher's Bricf

= o Objective

_ . You should be able to examine children's ideas to sec if there is patterning
' ¢« and consistency.

Instnections

_ Complete these first two steps betore you read turther instructions below:

s . *  Sift and sort the pupils’ responses to your interviews in ac-
— ‘ tivity 9.1, with a view to finding regularity and patterns in their
ideas.

— ‘ ¢ Group rdeas that are similar together. In what ways are they
’ sinnilar?
- , Try to write out 4 characterization for cach of the groups.
: ¢ Now study the table below on patterning in children’s ideas
_ : about natural phenomena.
g * Compare your grouping with those in the table in the notes
below,

: ¢ Look at the expected percentages across groups as displayed in
; the table.
¢ Review the frequencies in the patterns i your pupils' responses.
. *  Write up your findings.
B ' *  Discuss your report with your mentor,

Nates on patterne in children's ideas

; - Below are some percentages, derived by mterpol.tion from survey data
o i on children’s stages of cognitive development, for what one might expect

: i of pupils at different ages who give difterent responses to interviews in
" the three topic areas of activity 9.1,
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Progression in Pupils’ Ideas

Tabe 91  Theory generdted expecied percentages of pupiis with different
responses 1o three 10D« areas

approximate % of
cupils at three ages
giving that answer’
type
Answer type 9+ 11+ 13+
The Earth in space
The Earth s flat like a disc An absoiute dea of down
People lve inside spherncai Earth or on a flat surface
of a henusphere
People ive all over the surface of the Earth. but
drawing shows them all the same way up relatve
to the page
Peopie on surface of Earth. feet all towards the centre
Idea of "down’ relative to surface or centre of Earth
Current electricty
Only one w.re needed
Two wires. current comes down botb from celi to bulb
Current crculates. gets less as it goes around
Current remamns constant
Solutions
Salt “disappears’. water gets no heavier
Sa't mixes with water, which gets heavier. but no
change in volume Sa't 1s sti'l there but may not be
recoverable
The process s reversible. salt and water can e
recovered
Some sort of expianation i termis of parucies of sait
and particies of water mmng

9.2b Stages in Cognitive Progression
Mentor's Biicf
Objeaive * Student teachers should be able to use their knowledge of

Piagetian stages of cognitive progression to categorize pupils’
ideas on natural phenomena.

Time 2 hours for the student teacher to read the notes, interpret the
data and write a brief report
o '/ hour discussion with mentor

Backgronnd

Pragetian stage theory provides science teachers vath an explanation tor
the difterences in performance by pupils, both as the pupils get older. in pro-
gression, and comparing pupils of the same age in differentiated performances.,
It therefore has the potential to provide guidance on the selection of pupil
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activities and the grading of tasks in sequences of increasing demand. This
1s also valuable for interpreting Science in the National Curriculum and
translating curriculum documents into graded schemes of work.

Instryctions

Direct the student teacher to the reading. interpretation and report
writing activity.

Supplementary reading is Shaver. M. and Adey. P.. (1981).

Discuss the written report with the student teacher.

Discussion points

The Plagetian model helps to reduce the complexity of the topic
dependc:.ce of pupils” ideas. Teachers can apply the same sequence of
stages in progression when planning for progression and differentia:
tion in all topic arcas.

Teachers can plan for progression and differentiation within any topic
area given sutficient knowledge of the pupil population and the cog-
nitive demand of the topic.

Using research into children’s ideas, the match between curriculum
and performance can be improved. Curriculum development can be

more systematic.

9.2b Stages in Cognitive Progression
Student Teacher’s Bricf

()l’_/'t't'fl'l’c’

You snould be able ta use their knowledge of Piagetian stages of cog-
nitive progressicn to categorize pupils’ ideas on natural phenomena.

Instructions

Read through the notes on cognitive progression below,

Use the specimen analysis below to interpret the patterns you
tound in activity 9.2a.

Write a briet report on your interpretation.

Discuss the report with your mentor.

NOtes On sages 1 aQRItive progression
The answers which pupils gave in your mterview m activity 9.1 are

product of:
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Progression in Pupils’ Ideas

what they have been taught, and:
what sense they have made of their lessons and do make of your
questions.

The sense pupils make of things depends on their ability to process
information. and this is a function both of what they know already. and
of their thinking skills. The development of their thinking skills takes
place through a series of “stages” cach building on the former but being
quahtatively different from it

The main stages of cognitive development described by the Swiss
psychologist Jean Piaget are Sensori-motor, Preoperational. Concrete
operational, and Formal operational. The great mgjority of pupils in
secondary schools will have reached the concrete or formal stages. What
follows is a general account of the different thinking characteristic of
the stages.

Pre-operational (1)

Pre-operational pupils offer inconsistent observations. They tend to treat
cach observation separately and do not group objects consistently in
classes but instead change the class of an object according to the invme-
diate circumstances. Their so-called egocentric thought leaves them un-
able to see things from another’s point of view or to generahze. There

is 4 tendency to impute will into inanimate objects. The pre-operational
thinker does not conserve any quantities, re.. they may report that
volume. muass, or length have changed when an object is moved or
deformed.

Early concrete operations (24)

At the carly concrete stage. children can mentally place objects or obser-
sations into groups. They can perceive and use simple two-variable
causal relationships in linguistic form: “When this goes up. that goes
down. so this causes that'. Early concrete thinkers can order a series of
objects, have 4 sense of number and therefore can nmiake some sense of
measurement. Early concrete thinkers are at the threshold of what is
required by a scientific approach to the world. Their ability to conserve
some quantities through transformations and their increasing skill in
measurement opens up a world ot empirical work.

Muature concrete operations (28)

Mature concrete operators can mentally model crossed categories. For
mstance, with floating, and smkmg objects they can see that there are
heht sikers and heavy floaters as well as heavy sinkers and light loaters.,
Flowever, they cannot provide any explanation for such obsersations
which requires tmagined or abstract coneepts (such as density). Reasoning,
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1» reversible: if acids make litmus go red. then anything which makes
litmus go red is an acid. Despite the fact that they conserve mass, they
have difficulty with displaced volume: they will not equate the rise in
volume of a liquid to the volume of'a solid which sinks into it. Because
the mature concrete operator cannot imagine all of the possible variables
tn a situation, they will not be able to design an efficient experiment in
which all variables are well controlled. Mature concrete operators will
be able to follow detailed step-by-step instructions for some practical
activity, but may have no overview of what it is all about.

Early formal operations (34)

Formal operations are mental operations on imagined entities. The for-
nial operational pupil is able to hold a number of variables in mind at
once and see how they may be related to one another. Early formal
operations offer the beginning of explanatory thinking. so particle models
of matter can be used and the theoretical concept of density. if offered.
can be used as an explanation for floating and sinking.

Muature formal operations (3B)

Flexible and fluent use of theoretical models and the ability to generate
hypotheses and design experiments to test them is the hall mark of the
protessional scientist. They are also characteristics of the niature formal
operational thinker.

A specimen analysis of children’s ideas by Piagetian stage

Tabwe 92 A possible Pagetan anaiysis of pupds’ «deas on three topic arcas

Stage  The Eartl v spdce Cunient Electricity Sclutions

Ea:tiv s flat ke a disc Only one wire needed Salt ‘disappears

dn absolute dea of dowr water gels ro
heaviet

Peocle ve all over the Two wites, cunrent contes  Salt mixes with

suttace of the Earnh down toth fronm cell to water which gets

diaw-nqs show ther all baath heavier, but no

Hdll & Aay up change in volun:e
Salt 1s stili there.
but may not be
recoverable

People or suface of ine Cuttent circulates  gets The process s

Earth feet alt towards centre Ioss 48t Ques gronnd revers:ble
salt and water can
be recovered

S T T N L TS TR T R B Y RS ST IER TR | L xplanation in
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Progression in Pupils’ Ideas
9.3 Analysing for Cognitive Demand
Mentor's Brief

Objective = Student teachers should be able to use their knowledge of pro-
gression in cognitive processing to analyse the level of cognitive
demand in lessons and in Science in the National Curriculum.

Time * 6 hours for the student teacher in reading. analysis and report
writing
» 1 hour discussion with mentor

Background

There are two activities in this section. In the first the student teacher analyses
the plan of a lesson already taught <o as to determine what cognitive demand
it made. The second activity involves scrutinizing the national curriculum for
progression in cognitive demand.

In discussing these activitics with the student teacher, it would be usefui
to have available cither or both of Towards a Science of Science Teaching (TSST)
or the Thinking Science INSET pack. TSST has a "Curriculum Analysis Tax-
onomy’ which offers a comprehensise, it rather complex. method of analysing
objectives for level of demand, and the INSET pack includes ¢ complete
analysis of the 1991 science national curriculum (even though this has been
superseded, the principle of curriculum analysis remains unchanged).

instructions

¢ Dircct the student teacher to the activity.
*  Discuss the student teacher’s written reports.

Discussion pornis

At this stage of the student teacher's development it is enough fer these
activities to be used to point to what many experienced science teachers
know tacitly and mtuitively.

o Description is casier than explanation,

e Pupils develop measuring skills alongside their conceptualization of
variables.

e Numerical and correlational work are caster for puptlsif they are rou-
tunzed and even ritualized, c.g.. caleulatmg strengths of solutions;
ratios of 1 hybrids, and currents in circuits by substitution in untran-
sposed equations.
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These observations can be accounted for using Piagetian stages of develop-
ment in pupils” thinking. For example. algebraic work will only make sense
o formal operational thinkers. Number work is within the potential skills of
late concrete rhinkers. Description is easier than explanation because it makes
fower conceprual demands. Generally what one thinks depends upon how one
thinks.

9.3a Analysing Lessons

Studeni Teacher's Brigf

Tasks which demand formal operational thinking will be difficult for

many pupils in Years 7-11 not just because of language demands (see
. Chapter 6) or unfamiliarity, but because they require a higher level of

thinking than the learners have available. You can use this idea in lesson

planning. both to ensure that thinking demands are realistic for a par-

ticular class, and also to provide difterentiation within a lesson for pupils
+of different abilities.

()b_].t't tre

You should be able to use vour knowledge of progression in the devel-
opment of pupils' thinking to analyse lessons for cognitive difficulty.

Instrictions

o Review ideas on curriculuny analysis by reading Shaver and Adey.
(1VUK1).
¢ Look at a lesson plan you have written for a Year Y or 10 class
Chapters 8 and 9. '
*  Consider in detail the specific learning objectives and the par-
ticular learning experiences of the lesson.
What concepts do you want pupils to develop?
What sort of mental construction do vou expect them to
undertake?
How will the learning experiences help them to construct
the target concepts?
What level of processing will pupils require for cach part of
the lesson: carly or late concrete, or formal operations.
*  Wnite a bricf report on your analysis,
¢ Discuss vour report with your mentor.
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9.3b Cognitive Demand in Science in the National
Curriculum

[

Student Teacher's Brief

Objecnre

Y ou should be able to use your knowledge of progression in the devel-
opment of pupils” thinking to analyse Science in the National Curriculum
tor cognitive ditticulty.

Drsnrnctrons

e Sclect an atrainment target in Science in the National Curricu-
lum dealing with a subject with which you are familiar.

+ Starting at the first level of devclopment and working through
to level 10, try to estimate the level of thinking (from pre-opera-

1

nonal through to late formal operations) that each makes. 1;

o At which level of development do you estimate formal opera- il
tonal thinking to be required? :

o Write a brief report on your findings. 1
o Discuss your report with your mentor. |

9.4 Promoting Cognitive Development
Mentor's Buef

Obpenre o Student teachers should be able to devise pupil activities that
might promote cognitive development

Linte o 3 hours for the student teacher to devise, teach, eviluate and
report
o '/ hour tor discussien with mientor

$ackvround
Much ot saence teachmy 18 nornually concerned with instruction: providing

pupils with knowledge, cognitive and manipulative skills. The effectiveness
ctmstiuction s hnnted by pupils” ability to process intormation. We Know
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now that it is also possible to work directly on this processing ability, to
improve the use that pupils make of the instruction they receive. This is
known as intervention, because it intervenes in pupils’ ‘natural’ progress in
cognitive development and raises their levels of thinking. One ot the key
clements in this method is cognitive conflict — the setting of problems which
cause pupils to stretch their thinking powers. (For more detail of the methods
and results, see Adey and Shayer. 1994; Adey. Shayer and Yates, 1989). Al-
though you cannot be expected to go into much detail of cognitive accelera-
tion with student teachers, they should at least be aware of its existence and
potential, and have met the idea of cognitive conflict.

Instructions

Direct the student teacher to the reading on cognitive conflict,
Discuss the reading and direct the student teacher to devise an activity
which provides pupils with conflict. This should be worked into a
lesson plan,

Arrange to team-teach as a participant observer with the student teacher,
teaching to their lesson plan.

Debrief the student teacher and suggest future follow up work of a
similar nature.

Discussion pornts

*  Maintaining cognitive conflict is challenging. but not impossibly dif-
ticult, and is a professional skill which may take years to develop.

*  Duoing it for pupils of a wide range of abilities is even more ditticult,
but it is possible.

9.4 Promoting Cognitive Development
Student Teacher’s Brief
Objective

You should be able to devise pupil activities that nmght promote cogni-
tive development.,

Lustrnctions

*  Read the notes on cognitive contlict below,
o Ihiscuss the notes with your mentor,

IU\'
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Devise an activity (or 4 number of activitics) in your own sci-
ence subject which will generate cognitive contlict. Incorporate
these into lesson plans for lessons you will be teaching in the
near future.

*  Discuss your lesson plans with other science teachers and with
your nientor.

Revise the lesson plans in the light of their comments.

* Team-teach the activity with your mentor.

* EBvaluate the pupil activity as you proceed.

How do the pupils react?
Do you find this kind of tcaching hard work?

e Do they find it hard work?

How will you modify the activity for future usc?
¢ De-brief with your mentor,

Netes on cognitive conflict

One of the elements of successtul cognitive stimulation is called cog-
nitive conflict. This means presenting pupils with an experience which
they find surprising, or difficult to understand. which does not fit with
their previous understanding and which demands a different way of
thinking. Here is an outline of one example:

A teacher takes his class through an activity on rates of reaction, in
which the same amount of marble chips is added to a serics of test tubes
cach containing the same volume of hydrochloric acid of the same con-
centration. Each test tube is at a ditterent temiperature and the time taken
tfor the marble chips to dissolve is measured. From this a concrete. two-
variable. relationship is established: the higher the temperature the faster
the reaction. The teacher asks the pupils to predict how long the reaction
would take at other temperatares. which have not been tried, and thus
establishes that the relationship can be used to make predictions.

Now he introduces a new experiment, measuring the rate of pro-
duction of carbon dioxide as yeast ferments. Again a range of tempera- |
tures is tried, from just below room temperature to about 30°C. Again
it is shown that at higher temperatures the reaction is faster. Again
predictions are asked for: what will the rate be like at 40°C and at 50°C2
This tinie pupils are asked to test their predictions — and of course the
predictions fail! The sinple model they have been using does not work,
and they are forced to re-assess the relationship and seck an explanation
for the new result. !

Naote that the pupils have been carcfully prepared. they know what |
the experiment is about. they have been led to expect that they can
predict what will happen. Their contusion does not arise because of the
dithculty of the concepts, nor because of language difficultics.
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9.5 Differentiation
Mentor’s Brief

Objective » Student teachers should be able to plan. organize and manage
differentiated activities for pupils.

Time ¢ 6 to 8 hours for the student teacher to plan, organize, teach and
evaluate
* 2 hours for the mentor to discuss, observe and debrief

Background

Student teachers should now have some grasp of a theoretical model which
provides some explanation for the notion of “difficulty’, and thercby progres-
sion. There are two traps for the unwary: one is over-estimation and the other
under-estimation of pupils’ capabilities.

The first is to expect pupils to construct high level abstract models such
as density, digestion, or chemical bonding from one or two practical activities
and sets of observations. Even with able pupils this is unrealistic since the
develspment of such abstract models requires considerable discussion and
testing, by the learners, of their ideas in a varicty of contexts.

‘The second trap is to pitch the whole fesson at the level of carly or mid-
concrete operations: providing, for instance, step-by-step instructions for a
practical with no call on explanations for observations: comprehension ‘exer-
cises which simply require the transliteration of certain terms or phrases: or
cut-out-and-paste activities where a clear pattern is given to be followed. This
is the more insidious trap, since pupils rapidly let you know when you are
muakimg unreasonable demands on their ability, whereas it is casy for teacher
and pupils to enter into an unspoken conspiracy in which teacher makes no
great demands, and pupils are quictly engaged in busy-we-k which has very
little cducational value,

Instrctions

* Direct the student teacher to the activity.,
e Discuss the student teacher’s plans.

¢ Team-teach the planned lessons.

»  Debrief the student teacher atter the esson and set targets for future
work.

Dincussdon pornts

e A distmcton needs to be made between giving faster pupils more of
the same sort of work (which s not very motivating) and giving them
more challenging work.
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One approach is to have a common core starting point followed by
two sorts of extra work. You could discuss other models that you
have tried. but remember to distinguish between models which pro-
vide extra work for faster pupils, and models which provide work
with different levels of demand for pupils at different stages of devel-
opment of their thinking capabilities.

9.5 Differentiation

Student Teacher's Brief
Objective

Y ou should be able to plan. organize and manage differentiated activities
for pupils.

Instructions

Choose a topic which you will be teaching within the next week
or two. [t will probably be best to use Yeir 9 or 10 if the classes
are mixed ability.

Use the figure below to help vou to visualize different activities
tor pupils, at ditferent stages of progression, in terms of ditferent
activities and actions.

moaeling Forma.

i

correating transforming [ Late concrete .

measunng —cl .abulating patterning Early concrete

. T

TS
ST drawing readng describing P-e oneratona
lgemonstration < e

expesrrent, 0tC ) ‘f ) ? T

vecabulary sentence
— —

. i
abeliing work CONStruction

L

Non readers

progress through lesson o topic

Coe o sl € ALy ¢f 0000 g JAerent gl on of ges

Within the topic you plan to teach, identity a set of objectives
which make a range of levels of cognitive demand from carly
concrete to formal operational.
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Now outline how you would arrange the learning activities so
that pupils of different ability could all attain the highest level
objective of which they were capable.

(Possible approaches include providing different worksheets for
different pupils; having extra worksheets on hand for those who
cope casily with the lower level objectives; and arranging the
activity so that less able pupils. who are generally slower. have
enough to do at the concrete level while the more able quickly
attain the concrete objectives and find themselves with more
demanding work.) _

Discuss your plans with your mentor.

Team-teach the lesson using the differentiated activities for
extension work.

Evaluate the success of the task and plan for future similar activ-
ities.

Discuss vour evaluation with your mentor.
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Chapter 10

Assessment

Aims

Assessmient is a4 big issue in both the daily life of the school and the way
schools and schooling are perceived by the outside world. With such a big
topic it has been necessary to be very selective with what has been included
here. Choices of activity have been made so that student teachers can begin
to operate cftectively within the constraints of the system, and with some pur-
pose to their choice of pupil activities. The aims of the chapter are therefore
to help student teachers to:

operate the procedures within the assessment systems of the school
focus their work within the parameters that are set by school policies

QN assessment

gain experience, knowledge and sKills in assessment
reflect on the eftective use of information obtained from assessment.

Introduction

In thrs chapter, assessment means any method, whether formal or informal,
tor obtaning intormation about pupil pertormance. Ihe emphasis is on assess-
g pertormance in seience. There s no attempt to deal with cross-curricular
assessmient, the assessment of generic skills and abilities, and the assessment
of attitudes and general ability. These are important but are beyond what
a newly-quahtied teacher needs to know,

This chapter rests upon three basie reasons. of varving, focations, for
ASsessmient.,

Internatly m the classroom: it s mipossible to teach ettectively with-
out knowing what pupils know, understand and can da.

Externallv in the community: emplovers and others nake use of the
results ot assessment, and so teachers have o duty to ensure that therr
suptls dooas well they can in these assessmients,
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«  Within the school: school systems require that pupils be assessed for in-
ternal record keeping. remedial action, ditferentiation and progression.

These three reasons encompass the four main purposes of assessment which
are given m the report of the Task Group on Assessment and Testing: that is.
formative. diagnostic, summative and evaluative. This chapter embraces the
first three of these by dealing with four main areas of work in assessment:

o Factual imsues — the procedures which have to be tollowed. cither
statutorily or by local decision.

o Methods of assessment — the ways of getting information about pupil
attainment.

+  Pupil involvement — assessment to help pupils to learn.

« The theory of assessment — how do we ensure assessment is valid and
rchables

The theory of assessment, mainly some simple issues of validity and reliability.
are integrated into the work of the first three arcas. Whilst in practice all the
areas interact with cach other. for simplicity and manageability they are dealt
with separateiy here.

The main rationale for the order in which student teacher activities are
prosented s that of student need. It is felt that students will need to know the
procedures they have to follow before developing a repertoire of methods of
assessment and of the ways to involve pupils. The initial concerns are mainly
factual and deal with tocal and national rules, regulations and procedures for
assessing pupils. They cover the framework in which teachers operate. The
on-gomg assessment of pupils is a part of normal teaching. They belong
together in practice but are separated out for convenience of coverage in
mentoring. Planning assessment should always take place with a clear idea of
how the intormation which is needed will be obtained and how it will be
used.

Activity 10,1 mtroduces homework, marking and record keeping as
procedural 1ssues within the school’s assessment system. Activity 10,2 turns
to external exanumations which permeate the classroom: through continual
assessment and modular tests. The so catled "backwash etfect’. down from the
examnations of Year 11 to more junior vears, s important in shaping class-
room practice. The planning of teacher assessment of knowledge and cognitive
SMalls i the tocas tor activiey 103,

Perhaps the most effective fearners are those whoare selt-aware, for they
kow where they are gormg and how far they have yet to tavel. Teachers can
help puptls become more selt=aware of thewr progress i learnmg. A simple
techigque is to organze activities where pupils share therr expectations ot
the questions they might be asked man assessment. Activity 1040 mtended
to provide student teachers wath the opportuniy o espertment with such

=2
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techniques. What is true of pupils is also true for teachers. Student teachers
who are self-aware can improve their teaching. Assessmient data can be used
to provide student teachers with feedback on their teaching, and this is the
intention of activity 10,5,

Assessing investigations is a part of the on-going assessment of pupils. It
has given rise to considerable concern on the part of teachers. Many oi the
issues arise out of adopting particular viewpoints on planning. organizing and
managing investigations. Therefore this work is to be found in Chapter 5 on
investigations. It is 2 more useful location in this book because it enables
student teachers to deal with investigations in one sweep.

Question and answer routines which form the chief activity for assess-
ing pupils’ progress ephemerally, and for providing pupils with feedback. are
dealt with in Chapter 6.

10.1 Homework/marking/recording

Mentor's Brief

Objecttres To ensure that student teachers know the procedures for assess-
ing puptls in the school as part of normual teaching activities.
To tamiliarize student teachers with school and departmentai
documentation.

Time 2 to 3 hours for student teachers reading documents and noting
points

I hour discussion with mentor

[nstinctron:

o Collect together the ollowing documents to hand to the student
teacher:
staft handbook and departmental handbook
school and department assessment policies
copies of any relevant documentation which s given to parents
and/or puptls, e.g.. homework notebooks and tumetables
examples of work dene by pupils which has been marked
examples of g teacher’s record book
4 copy of the department’s schame of work
1 copy of Sacnce mthe National Cuarriculum
copres of end-otf-unit tests and assocuated mark schemes
copies of the student materals o this activany




Learning to Teach Science

» The student teacher's activity briefs indicate information he or she
should extract from the documents. This might be best done as four
separate sweeps tor the information required in 10.1a, b, ¢ and d
separately.

o Familiarity with the documents can be increased in this way.

»  Discuss with the student teacher his or her findings and questions.

Discussion points

When discussing the answers to the questions the following should be made
clear:

*  What the school policy and procedures are
o What the departmental policy and procedures are
»  Where the student has choice of action.

10.1a Homework
Student Teacher's Brief

Ihie aim of this activity is to help vou find out what the school's home-
work procedures are withi its assessiment system.

Fnstinctions

o Collect the matenials tor this activity from vour mentor. s
. o Muake a first scarch through the documents to find out as much ‘
. as vou can dhout the tollowing:
S the timetables for setting and handing in homewaork
T h the time puptls are expected to spend on homework

any spectal arrangements that exist. ¢.g.. homework clubs
- homework notebooks in which pupils record what they have
R to do

the mvolvement of parents, c.g., signing, or making com-
N ments m, the notebook
v procedures for late or none handing e of homework

5 the handhing of parental complamt., e not enough or too
. much homework j
_ ‘ o Write down things that pazzle you or you are not clear about,
Ty e Duscuss these pomts with your mentor, 5
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10.1b  Marking Books
Studenit Teacher’s Brief

The aim of this activity is for vou to familiarize yourself with the school’s
murking procedures.

Instructions

Make a second pass through the documents given to you to find
out as much as you can about the following:
are ‘rough” books and “best” books used by the pupils?
do pupils use textbooks? Do pupils have one of their own?
can pupils take a book home?
what is the departmental and/or school policy about muarks,
grades, levels, cte.?
try to see examples of murking done by other teachers.
what is the trequency of marking?
what are the arrangements for collecting and handing back
work done by pupils?
what teedback should be given to pupils? What should vou
da about unsatstactory work, copving, cte.?
Lalk to teachers i other subjects as well as in science about what
they do.
Note down any gquestions and uncertamtics yvou have,
Discuss these pomts with vour mentor.,

10.1¢  Recording

Student Teachar's Bt

Fhe anm of this activaty s to finiharize vourselt with the departimental
record-keepmyg procedures and svstems.,

It ion

From the materials given to you search through them for a third
time to tind out the tollowmg;:

how s g teachers” record book used?

1oy
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what use is made of portfolios and other methods of retaining
samples of work? This links with activity 10.2 which deals
with the key stage 3 tests and the GCSE. ‘
does the school use a system of profiles and/or records of
achievement?
how does this operate? The amount of work done on this
will depend on the emphasis which the school gives to
these.
»  Note down points that need clarification.
e Discuss your points with vour mentor.

10.1d End-of-unit Tests

Student Teacher's Briet

In this activity the aim is o find out the procedures tor dealing with
marks that are compiled from end-of-unit tests,

Instructions

+  Scarch the documents for the last time to find answers to the
following;:
what are the general arrangements for these tests?
(End of unit tests are distinguished from GCSE end-of-
module tests if the school is following a modular sylabus.)
where are the tests and marking schemes stored?
what 1s the system for gaining access to thems?
how are the results used, for example to provide feedback to
pupils or to be stored for Key Stage 3 summative purposes?
»  Note down things that puzzie you.
*  Discuss the points you don't understand with vour mientor.,

10.2 External Examinations
Mentor's Bt

Objectire» To ensure the student teacher knows the procedures for assess-
mg pupils at the end of Key Stage 3 and Key Stage 4 and o
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familiar with any other formal assessments, such as A-level and
GNVQ. which may take place in the school.

Time * 210 3 hours for student teachers reading documents and noting
points
I hour discussion with mentor

Background

Where external examinations are concerned, the requirements of student
teachers will depend on what classes they are teaching. While only some
schools are involved with GNVQs and/or A-levels and AS-levels, all second-
ary schools are involved in statutory assessments for Key Stages 3 and 4. For
this reason this activity concentrates on the Kev Stage 3 tests and the GCSIE,
however the issues covered should be extended to any other formal examina-
tons with which the school may be involved.

Both the Key Stage 3 assessment arrangements and the GCSE involve &
tormal written examination and teacher assessment of pupils. This activity
concentrates on the procedures which have to be followed in relation to both
ot these.

[nstructions

+  Collect together the tollowing documents for the student teacher to
reVIew:

copies of relevant statutory instruments. circulars and the latest
intormation about the Key Stage 3 tests

examples of previous Key Stage 3 tests

copics of the regulations and syllabus(es) for the GUSE Board(s)
used by the school :

copics of past examination papers

a copy of the department’s scheme of work

4 copy of Scrence in the Nadonal Curriculum.

A good way of covermg the procedures which have to be followed tfor the
external examinations s by discussion with the head of department. While
there are stmnilarities between the procedures for Key Stage 3 and key Stage
4. the differences are such that it might be best to deal with the two key stages
separately.

Fhe students should have aecess toall the materials mentioned abosve and
should lave thewr own copr - of the departiient’s selieme of work and Saence
in the Natonal Currrenlum. Betore any discusston takes place it s helpful tor
the students to be tantliar with the contents of the above materials. T'o guide

==
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them in their reading they can be given the list of issues which will
discussed under the two headings shown below,

Discussion points

Discussion and clarification of the above issues are important. At the same
time the structure of science in the National Curriculum should be made clear
and related to the scheme of work of the department, particularly if this has
not been done elsewhere. As discussion takes place it is inevitable that other
important matters will emerge such as the reasons behind the choice of a
particular GCSE syllabus, the teaching of “integrated’ science or of separate-
subject science.

10.2a Key Stage 3
Student Teacher's Brief

The assessment arrangements for Key Stage 3 are governed by Statutory
Orders which are issued cach year. The arrangements may, therefore,
change from one year to the next.

The following are currently the main issues which should be clarified.

Instructions

*  Read the documents you have been given and find out as much
as vou can about the following:
the arrangements for writing and issuing test papers and
muark schemes
the arrangemient of the written papers
decisions about entering pupils for the most appropriate
tier(s)
arrangements for pupils with special needs
absence from some or all of the tests
marking and recording
teacher assessmient needed in adl attainment targets
the imethods of doing teacher assessment are deaided by the
\('ll()(||
arrangements for arviving at common standards
makmyg deastons about o final level
separate teporting of teaclier assessmient and test results
Again note down things that do not make sense to vou,
Discuss your pomts with your mentor.
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10.2b Key Stage 4 (GCSE)
Student Teacher’s Brief

The GCSE is the means of assessing pupil performance at the end of key
stage 4, and the detailed arrangements are determined by the relevant
Examination Board. Some of the issues are the same as for key stage 3.
The major differences are as follows and should be discussed.

There can be a single subject, a double subject or Biology.

’ Chemistry and Physics taken together. The relevant syllabuses
are issued by the Board, and the school will have made decisions
about what is available to the pupils.

+ Examination papers ave marked by an external examiner.

o Teacher assessmient is needed only in Attainment Target 1.

o The Board will have issued guidelines for doing teacher

dssessment.
o The Board will have made arrangements for arriving at common
standards. :

Through this activity you should become more familiar with GCSE
procedures.

Instictions

o Read the documents you have been given and find out as much
as vou can about the following: ,

syllabuses which are available |
writing and marking of examination papers :
what teacher assessment is needed
cuidelines for doing teacher assessment
arrangements for arriving at common standards.

o Write down points that need clarification.

o Dliscuss these points with yvour mentor, :

10.3 Teacher Assessment of Knowledge and Understanding
Mentor's Bt

Objectives - Student teachers” should be able to plan the assessment ol
pupths in relation to their knowledge and understanding of

sCIenee.

1~
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* Student teachers” should be able to carry out the assessment
of pupils in relation to their knowledge and understanding
of science.

Time » Theactivity extends over several weeks and forms a major part
ot the teaching and observation activities of the student
» s hour discussions with the mentor on assessment proposals
and evaluations throughout teaching practice

Background

Student teachers will need to know how the on-going assessment of pupils
can be used to help pupils progress (tormative purposes). and also how the
assessment contributes to the decisions made about the pupils at the end of
cach Key stage (summative purposes). This will involve knowing what infor-
mation is needed and how it can best be obtained.

The student teacher should plan one or more lessons taking particular
care to identify the learning outcomes expected of the pupils and to make clear
how the achievement of these outcomes will be checked (see Chapter 4 also).
A good way to start this is to be involved in the planning of 4 lesson which
will be taught by another teacher, and then to observe the lesson or do some
team-teaching concentrating on the assessment opportunitics and the informa-
tion obtained from the assessments. As contidence and expertise grow, stu-
dent teachers can plan for assessment in their own lessons.

One format for a plan is given in the student’s sheet. others are given m
Teacher Assessment in Practice (SEAC, 1992). Any system which enables the
student to concentrate on wavs of getting specific information about pupil
attatnment ¢an be used.

Instrictions

Collect the tollowing documents to hand to the student teacher:
a copy ot the department’s scheme of work
4 copy of the Natonal Curriculum in Science
a copy ot Teacher Assessment in Practice (SEAC, 1992)
copies of end-of-unit tests and associated mark schemes
copies of the student matertals i this activiey
o Durect the student teacher to read the student teacher activity,
o Discuss the student teacher’s planned assessment,
* Review the use of the assessment with the student teacher,
ot s unbikely that any one fesson will provide opportunites to use a
wide range ot assessment methods, and so this plinning exercise should
be repeated with other lessons which ofter other opportunities.
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Discussion poinis

There should be opportunities to discuss the planning task with the student
t. .her. The tollowing are some of the points which should be covered:

In which Year are the pupils?
What attainment targets are covered?
Does the plan indicate that a variety of teaching methods will be used?
What range of levels is being covered? Is the range appropriate tor the
pupils?

Level 4 — average 1-year-old

Level 5 - average 13-year-old

Level 6 — average 15-vear-old
A common nastake is to try to cover too wide a range of levels in one
fesson.
What image of investigations is in mind?
Arc the SoAs covered as part of an investigation or are they being

covered in a ‘piccemeal’ way?

Is it clear how the assessments will be made?
Will the assessments get information about individuals (e.g.. by mark-
ing the work ofindmvidualsy or about the class as a whole (e.g.. by whole-
class questioning)?
Is the proposed method of assessment (column 3) appropriate for get-
ting the information in column 27 (This 1s abour validity)
Should teachers do a lesson-planning sheet tor cach of their lessons?
Where does the balance lie between good preparation and heart failure
through over-work?
Is this planning sheet more usetul for planning assessment into a topic
rather than into a single lesson? (A topic plan is likely to be more per-
manent and capable of being given to other teachers as a part of the
department’s scheme of work, However, it is probably unrealistic at
this stage to expect a student to plan a whole topie).

10.3a Planning Tcacher Assessment of Knowledge and
Understanding

Stdent eacher' Biet

During the course of this gctivity vou should plan several assessments
tor lessons taking particular care to identify the learning outcomes ex-
pected of the pupils and to make clear how the achievement of these
outcomes will be checked.
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Instructions

« Read the *Notes on forms of evidence” below.

e Draw up assessment sheets similar to the one below tor lessons
which vou will be teaching.

*  Discuss vour assessment plans with your mentor.

Notes on forms of cridence

Collection of permanent information
“Information obtained from class tests is a good source of permanent
imformation which. if not careful, can become the only source. The
normal classwork and homework done by pupils gives good additional
information which should not be ignored. For this reason, opportunities
- should be provided for pupils to work on their own, ¢.g.. writing their
i own notes: their own answers to questions: their own explanations;
cven though they may have been working in groups. It is necessary to
make clear to pupils what “the rules of the game are’. “You have been
working in groups for the past 29 minutes. Now | want you cach to
write down in your books your own conclusions tfrom the discussions.
I will give you five minutes and there is to be no talking in this time .’

1. Recording of cphemeral infornmation

_ This is a matter of having clearly m mind some of the learning outcomes
Y which are planned for the lesson and which might be revealed by the
- ~actions of the pupils and by the discussions which take place with ¢ich
iR ather and with the teacher. Of particular mterest are aenes of satevy,
reading mstruments accurately, contributions mad~ wauals, and
the understanding of individuals about what is happoning - activities
which do not easily give rise to a permanent record and so have to be
scen at the time.,

Good lesson planning is necessary so that there is an opportunity
for vou to observe and talk to individuals and then to make occasional
notes i your record book and also to write comments on pupils” books,
3 It will not be possible to do this tor all pupils in the course of one lesson,
- but over a4 period of time which involves several lessons most pupils can
" he covered.

- It s often sensible to concentrate on puptls who have difticulty in

writing down their ideas, and also to look particularly at pupils about
‘ whom there is a lack of mfornwtion for one reason or another, e.g..
u absence, personal problems, disruptive behaviour, not tatked to by the
' teacher for some time. Decsions about which pupils will be looked at
should be made while planning, the lesson.

Below s an examnple of a plannmg sheet for assessment i a lesson,

N , t\' .3
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The main purposc is to ensure that the methods of assessment in column
3 are suitable for checking the praposed learning outcomes for the lesson
given in column 2,

Topic  Acids and alkalis
Lesson  Establishing the meaning of pH

Tabie 107  An exarmpe of a panning sheet fGr assessment  .essons

‘ Activities Learn:ng outcomes Methods of assessment
[ e et et e e et e i o
; Under this heading. set In this coturnn, Details of the ways in which
« out tne activites which give a hist ¢ what information will be obtamned
i tne pupi's wi' be doing it s the pupils apout pupils’ attainment of
For example are expected t¢ the expected learning
, ® Class discussion of the  fearn Some. put outcomes should be gwven
’ meaning of acidity not necessanty all, fFor exampte
. e Inawviduai reading and  of the outcomes e Talk to a few selected
saking notes about should relate to 'ndividuals as they are
: pH statements of making their notes about
© & Indwidual wating of attanment :n ‘he pH Concentrate ¢n those
answers to some Nationa! pupiis who have difficulty
guestons Curncutans N wnting or about whom
about pH values some specific information
* in parrs wnting down s needed
\ the plan of an e (Collect in books at the
exper.ment to end of the lesson and
getermune the pH of mark the notes and the

d fferent nratengls

answars to the questiong

Any system which enables vou to concentrate on ways of getting
specific information about pupil attainment can be used tor planning
fessons.

It is unlikely that any one lesson will provide opportunities 1w use
2 wide range of assessment methods, and so vou should do this plannivg
with other lessons which together will offer a variety of opportunities.

10.3b Carrying out Teacher Assessment of Knowledge
and Understanding
Stadesnt Teacher's Brief

[istction.

o Teach some or all of aesson which vou have planited in actvaty
10, 3.

Assessment
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e Check whether the three columns in the planning sheet match.
That is. did the activities in column 1 create the required learn-
ing outcomes in column 2. and did the methods of assessment
set out in column 3 give information about the learning
outcomes for individuals and/or for groups of pupils?
Discuss your evaluation of the assessment you planned with your
mentor.

10.4 Using Question Writing as a Technique for Pupils to
take Control of their Learning

Mentor's Brief

Objective Student teachers should be able to involve pupils in using
assessment of learning objectives to guide and motivate their
own learning,

Time e Several fessons for the student teacher
e 12 hour discussion with mentor

Buckeround

Teachers know what they want their pupils to learn. Teachers also know how
the pupils will be expected to show what they have learned in assessments.
This information should be shared with pupils so that they can take control
of their own learming. Pupils have to be helped to disentangle the essential
learning outcomes from the methods which are used m the teaching. For
example, a word search properly used can help pupils to become familiar with
essential vocabulary and to learn important concepts. However, when asked
to do some revision, the pupils may look back on the word search activity
which is in their exercise books and wonder why they did it and what the
messages are. They are unlikely to be given a word scarch activity in a test,
and o in this case the method of teaching is not the same as the method of
assessing. Teachers know this, but the pupils do not unless they are told. By
extension, student teachers also need to learn this.

Instiaction,

o Colleat the following materals:
a2 copy of the department’s scheme of work
a copy of Science in the Natonal Curricutum,
 Help the student to identity the learning outcomes tor a fesson which
the student will teach,

Lo
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e Sitin on the lesson, particularly at the end, or do some team-teaching
with the student.
o After the lesson discuss what happened.

Discussion points

Try to identify the suceesses so that they zan be repeated. Try to distinguish
what did not work because of the inexperience of the pupils from what did
not work because of mistakes made in the teaching.

Use the experience of this lesson to help the student write a pupil prompt
sheet for 4 unit of work. This is quite a demanding task which requires
striking the right balance between 2 lot of detail which is difficult for pupils
to cmibrace. and too much generalization which will mean nothing to the
pupils. Monitor the use of this prompt sheet by taking part in one or two
lessons while the unit is being taught and by discussing progress with the
student from time to tine.

10.4a Using Question Writing as a Technique for
Pupils in Lessons

Student “Peachor's Brief

Fhis activity is designed to help you to help pupils monitor their own
pertormance. The main aim of the activity for pupils is to get them
thinking of the kinds of questions they will have to answer when they
are assessed. This will help them m their fearning,.

Instinctions

Choose 4 lesson which you are going to teach soon.

Write down the important learning outcomes of the lesson,
Alongside cach one write down what the pupils will have to do
in order to show their learning.

Put these into a torm of words which the pupils will underst:nd.
You should have something like the following,.

Learning outcomes What you have to do

Understand the meaning ot pHl - Be able to write down the pH values
for acids and for alkalis. Give the
colours for different ph values

o Plan the lesson so that vou lave a few mimutes at the start to

explam about the learnig outcomes, and about 20 minutes at
the end to discuss the outcomes with the pupils.

N 5
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o At the start of the lesson give the information to the pupils,
preferably in writing. Tell them this is what the lesson is about
and that vou will say more about it at the end of the lesson.

* In the last 20 minutes of the lesson do the following:

give the pupils 4 question (it can be an oral question) which
is about one of the things they have to know or be able
to do following the work in this lesson

allow time for them to think about the question, then give
them the answer

ask the pupils to write their own question about things they
have learnt in the lesson

ask some of the pupils to read out their question and other
pupils to give an answer

comment on the questions and the answers

tell the pupils this is what they should do when they are
revising.

e Discuss the lesson and the use of pupils” questions as a guide
to learning with vour mentor.

The idea of pupils writing their own questions in order to test their own
understanding is likely to be new to the pupils, and is not easy. They
will have to be helped, and they need to do it more than once over a
long period of time.

10.4a Using Question Writing for Pupils in Modules |
Student Teacher's Brief

I'he same technigue of pupils” questions can be extended into a complete
unit or module.

The aim of this activity is to give vou some experience with this
way of working with pupils.

Intructions

o Locate the pupils’ objectives, or revision sheet, in the files for
the schieme of work for the umt or module and copy it for
the pupils.

«  (Give out the objectives, or revision, sheet at the start of the unit,

e Fxplan it briefly tp the pupils and tell them to keep it safely

because vou are going to refer to it frequently while the unit is

being covered,
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As you teach the unit make use of the prompt sheet in the fol-
lowing wavs: '
at the start of a lesson show the pupils what you intend to
cover
at the end of a lesson show the pupils what has been done
ask the pupils to write their own comments on the sheet.
Oxccasionally do the question writing session as described above.
Talk to individuals about the sheet. Ask them if they can do the
things in the "What you have to do® column.
At the end of the unit ask the pupils to use the prompt sheet as
a revision sheet.
Use the prompt sheet to write an end-of-unit test.

10.5 Using Assessment Data as Feedback on Teaching
Mentor's Brief

Obpective » Student teachers sho 1ld be able to use assessment data to pro-
vide information to guide modification of their classroom
teaching and schemes of work.

4 to 6 hours for the student teacher to sift pupils responses.,
reflect and write a report
1 hour discussion with mentor

Buckground

A claim to professionalism can be interpreted as a claim to critical evaluation
of one's own work and 4 serious attempt to achieve, and raise, standards of
practice. The data collected on pupils” performance in assessments can be
used to 1.+ the standards of our teaching. In a well run department this is
carried out systematically and the results shared corporately. Student teachers
need induction into their profession by being given the opportunity to act
professionally.

Instructions

Decide upon when it may be useful for the student teacher to carry
out this task i their teaching practice,

Decide upon which unit or module of work should be Tooked at in
this way. Refer to the work on revising a scheme of work in activity
4.5 and combine analysis of pupils” test responses mto that activity if
vou think this best.

187
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Learning to Teach Science
Ofter guidance on the analysis where possible.

Read and discuss the student teacher’s report on revisions suggested
following their research.

Discussion points

Some teachers might express concern over the mechanization ot the revision
of schemes of work in this way. This activity does not take away the need for
skill. insight, creativity and fair. Without these a scheme of work can be arid
and of little help to other teachers and pupils. The deliberate review of pupils
answers, not for marking purposes but for research purposes. can be reselatory.

10.5 Using Assessment Data as Feedback on Teaching
Student Teacher's Bricf

How much pupils know about the topics yvou have taught them. and
how much they can use their cognitive skills to work within that topic,
depends in part upon voue skills as a teacher. Inassessing the pupils vou
are in some ways evaluating vour teaching. The assessment dats on any
one pupil contains mtormation on that pupil. The assessment data on
the class as a whole contains information about the activities, teachmg
sequence and scheme of work that you put into eftect. This activity 1s
intended to help vou review pupils” responses to test items and to refiect
on the miplications for vour chowee of activities and scheme of work.

Tstrctions

Collect puptls” seripts for an end ot unit or module test for a
work that vou have taught.

Scan through the puptls” scores on the test items.

Find the items that were castest and those that were answered
least well.

Start with the test itemy that had the lowest facility: was most
poorly attempted.

Reter to the objectives of the scheme of work to retresh vour
memory on what the pupils should have achiesed.

Decide 1t the test item miatches the learnmyg, objectives m the
scheme of work or not.

it 1t does not then the test item will need replacement.

It the test ttemy does match the learnmg objectives, then deade
it the test 1item had low faciliey because pupils misunderstood 1t
or not.
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Assessment

If it has been misunderstood then it will need rewriting.
If the test item has not been misunderstood. then turn to the pupil
activities for that bit o’ work.
Decide how the work must be changed for the next group of
pupils.
You might consider doing the following:
changing the sequencing of activities
replacing an activity
modifying the structure of an activity .
re-wording an activity
modifying the tasks for pupils in the activity \
presenting the information in the task using a ditferent mode:
graphical, textual, pictorial, diagrammatic. ete. ‘
Repeat this with test items of the next lowest facility untit you
feel you have covered as much as is sensible.
Write up your proposed amendments to the scheme of work.
Discuss your write-up with your mentor.
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Chapter 11

Progress and Potential

Aim

This chapter aims to provide a framework for working with student teachers
as they progress through their time with you,

Introduction

The chapter contains student activities and background reading for mentors
and is designed to be used following this timetable

At the beginning of the student teacher’™s time in school:
t.1a Getang to know cach other
1.1 Needs and wants
11.1¢  Faang problems

Atter the student teacher has been m school for severat days:
11.20  Targets and goals
11.2b  Assessing starting positions

Atter the student acher has taught @ few lessons:
1.3 What progress have I mades?

After the student teacher has taught tor o few weeks:
1.4 Mid-term review

At the end of the student’s teaching practice:
1S Pial thoughts

The tirst cluster ot activities 15 designed to provide an opportunity to induct
student teacher s mto the departinent. Fach departnient has its own way of
domg this and you may already have standard procedures. Tt may be that the
‘Getting to hnow cach other” activity s done informally at a local pub rather
than as a4 formal activity in schiool, However, the quicker that the relationship
between vou and the student teacher is estabbished the better.

ron
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The student teacher’s institution will run its own assessment system and
should train you in how it works. Activities in 11.2a, 11.2b, 11.3 and 11.4 are
designed to complement whichever system that you have adopted and not to
replace it. The activities focus on the DFEs list of competences (Appendix 1)
which were published i their Circular 9/92. These provide a framework for
assessing progress in learning to teach but they do give a restricted view of
what it is to be a teacher and should be treated as such.

11.1a Getting to Know Each Other
Mentor's Briet

Ami ¢ To find out more about cach other so that you can build the refa-
tionship between you and the student teacher and so that you can
begin to respect cach other’s experiences and pereeptions.

Time 45 minutes discussion with mentor

Background

We realize that individual departments may well have established strategies
tor making the student teacher teel one of the department. You may already
know something about the student teacher from their training institution,
1 he key point in this activity is to ensure that both yvow and the student
teacher have an opportunity to talk with cach other, at some length, some-
where retatively guict and unhurried. Often snatched conversations during
break do not lead to the eftective formation of a4 good relationship.

Irictructions

* Start by asking the student teacher these guestions {amend this list
as you think appropruate):

*¥hen did vou decide that you wanted to be a teacher?

What influenced you to be g teacher?

What do you expect to gain from teaching?

What do you think the positive points of teaching are?

What do you think are the biggest challenges that teachers face?

What are vour biggest concerns about teaching?

What would you like to be doing in a few years nme?

'What kind of teacher do you want to be?

Imagme yourselt teachmg in a few months time - it walk into
the room, what will Tscer What will you be doing? What type
ot atmosphere” will you be trying to create?

PAFullToxt Provided by ERIC
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11.1a Getting to Know Each Other
Student Teacher's Bricf

The refationship between you and your mentor is critical to your progress.
The aim of this activity is to provide an opportunity for you and your
! mentor to find out more about each other so that you can begin to build
that relationship and so that you can begin to realize cach other’s experi-
ences and perceptions,

v Instructions

* Your mentor is going to ask you a series of questions about
your previoas experiences of education and about your ideas.

* You are gomng to ask your mentor the same questions at son-.e
paint during the session.

*  Make a note of the questions on paper.

11.1b Needs and Wants
Mentor's Brief

Objective  Student teachers should know the essential basic intormation
about the science department.

Time * | hour tor the activity
e 7 hour discussion with mentor

Background

It is assumed that the student teacher has had a general briefing about the
school and that they have had an opportunity to read any bricfing notes,
department and school handbooks, '

Instructions

e Although 1t is assumed that the student teacher has read any docu-
mentation provided, you may wish to have copies ot the following
to hand:

school prospectus
school/staft handbook and/or policy statements

192
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departmental handbook

schemes of work

examination syllabuses

safety information (COSHH forms, Hazcards, ctc.).

* Explin to the student teachers that the purpose of the activity is to
help them to become more familiar with science in the school as part
of the scttling in process. After listing and grouping their immediate
needs and wants (e.g.. questions about the department, questions
about the school), the student teachers should rank the questions in
order of importance (1 = most important). within each group. At a
pre-arranged time, you should go through their questions and provide
cither the answers or indicate where the answers can be found.

» It is impossible to list all the things that students should know at the
beginning of their teaching practice but the following examples may
help to structure your discussion with the student.

People:
What do I calt people?
Who is in the department?
What responsibilitics do members of the department have?

Policy:
What discipline procedures exist in the department?
What homework must | set?

Procedures:
Who do 1 ask about doctor’s appointments?
Where do [ get photocopying done?
Can 1 get a key for the laboratories?

Discusston points

Have the student teachers asked questions that they should know the answers
to already (through reading documentation already given to them)? It so, find
out if they haven't read the material or if the material is unclear. The student
teachers should have a permanent record of the points made during this activity
for future reference and should be referred to that record as and when necessary.

11.1b Neceds and Wants
Student Teacher's Buef
You are a newcomer: you have entered the school knowing hetle about

the people, the place or the policies. You have some immediate needs
and there are some things that you want to do or to find out.

. . 193
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Objeetive

You should know the essential basic information about the science
department.

Instructions

List on paper your immediate needs and wants.,

Put the questions into groups depending on their content {e.g..
questions about the department: questions about the school).
Rank the questions in order of importance (1 = most important)
within cach group.

Your mentor witl now go through the questions with you and
provide cither the answers or indicate where the answers can be
found,

11.1¢ Facing Problems
Moaontor's Brief

Objcctive* Student teachers should discuss possible problems and agrec
ways to preempt them.

Lime e & hour ftor the student teacher
¢ ' hour discussion with mentor

" Backgranmd

The student teachers should have seen a few lessons so that they are in a bet-
ter position to imagine themselves as teachers. They should have read the
appropriate school and departiment guides.

The assumption made in this chapter is that teaching is problematic anc
that, as a result, training to be a teacher is problematic too. This is a4 reason.
able proposition given student teachers” coniments about teaching practice
However, the majority of the problems involved are foresecable and soluble
This activity focuses on the possible problems that student teachers may fac
through their own actions, through the actions of others or through a com
bination ot both and on possible strategies tor dealing with them.

Instietrons

* Exphlain to the student teackiers that the ann of this activity is to raiv
their awareness o possible problems that they may encounter so as t

fln
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agree ways in which the problems can be preempted. After having
had timie to write down as many possible problems that they think
that they may expericence, they then group their problems and prioritize
them. Your task then is to go through the lists discussing the points
and helping the student teachers to come up with realistic ways to
preempt the problems. ' '
The most common problems that mentors and student teachers report
can be grouped as follows:

Before/after lessons:
Ordering apparatus — not ordering in advance.
Planning — inappropriate or unrealistic plans. insufficient differ-
entiation, unrealistic timing.
Marking/assessment — infrequent, incorrect. unhelpful, too long
in being given back,

During lessons:

Class management — No time warnings, apparatus not distrib-
uted adequately. apparatus missing at the end of the lesson,
pupils not organized adequately.

Safety — warnings not given, dangerous situations not noticed
or averted.

Attitude towards pupils — too timid. too aggressive, unfair.

Delivery — too high. too low. confusing, too fast, too slow.

Presentation skills — writing unclear, poor use of colour. un-
focused OHT.

Subject matter — incorrect.

Discipline — too strict, too soft, unfair.

Lots of activity but not much thinking.

Lack of variety.

Questioning — not enough, pupils shouting out not ‘hands
up’. same pupils answering. same type of question.

Not concerned with lessons:
Attitude — towards statt — too timid, "know all’, “thoughtless’.
Punctuality.
Motivation.
Appearance.

Some problems may occur even though the student teacher has not
done anything wrong. They include:
Other teachers not being helpful — “too busy”, "rubbishing’ student
teacher in tront of pupils.
Technicians not being helptul.

[€)
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Other teachers are poor role models.

Senior management not backing up discipline procedures.

Poor or missing schemes of work.

Inappropriate curriculum (national curriculum/exam board syl-

labus).

Discussion points

In some ways this is the most important activity in this chapter. Bringing
vour experience to bear positively can make life easier for you, the student
teacher and the pupils. Raising issues now will make it easier to discuss them
in the future. Obviously talking about problems is not the same as facing
them in the classroom but the purpose of the exercise is to act as an advanced
organizer — giving them a map of the minefield. The student teachers should
feel that they have a clearer awareness of the most likely problems that may
occur and should have an understanding of the strategies that may preempt
some of theni.

11.1c Facing Problems
Student Teacher's Brief 4

i Good teachers are able to deal with problems as and when they occur.
Better teachers are able to preempt some of those problems by applying !
+their experience or by thinking "what i7" As a student teacher you will |
" inevitably have problems.

i Objective

Vou should discuss possible problems with your mentor and agree ways
to preempt them.

v Instructions

s Write down as many possible problems that you think that you |
may experience during your tinic in school. You only have 15
minutes for this part of the activity.

* Group the problems in some way (c.g.. before, during and after
fessons or teachers, technicians, pupils and parents.

*  Now, prioritize the problems m cach group.

o Can you think of ways to preempt the most significant problems?

* Your mentor will go through the lists discussing the points
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and helping you to come up with realistic ways to preempt the !
problems.

11.2a Targets and Goals
Mentor's Bricf

Objective +  Student teachers should know what is expected of them during
their time in school and should be able to explain the pro-
gramme of activities that has been made for them.

Time 1 hour for the student teacher
/> hour discussion with mentor

Background

It is assumed that the student teacher’s timetable of classes, both tor observation
and teaching, is known at this stage.

Instructions

*  Materials needed:

staft handbook and departimental handbook

student teacher’s timetable

class lists

schemes of work

Science in the National Curricutum

Circular 9/92 competence list (see Appendix 1).
Circular 9/92 is a good place to start in terms of a list of somie basic
teaching competences. Explain that, during their time in school a
student teacher is expected to demonstrate competencies in teaching
and to become a professional in terms of attitude and behaviour. The
student teacher reads the list of competences and makes notes when
something is not clear. Your role is to clarity the points that the
student teacher finds difficult to understand (based on your experience).

Discussion points

It 1~ tmportant that the student teacher knows what is expected of him or her
by the teachers, the wehnicians and the pupils. The student teacher should feel
that they know the boundaries within which they can operate and should feel
comfortable working within them.

197




Learning to Teach Science

11.2a Targets and Goals
Student Teacher's Bricf

The Government, acting on the advice of the Council for the Accredi-
tation of Teacher Education (CATE), has laid down criteria (Circular 9/
92) for courses of initial teacher training. Although not exhaustive, they
give a clear indication of the important skills and knowledge that you
will be expected to develop before you can become a qualified teacher.,
Such a process of development will take place continuously and will
have started already. Indeed. your previous experiences. prior to becom-
ing a student teacher will already have contributed to vour development.
Now that you have begun to get to know your school, your mentor
and yourself better, it is appropriate to look in some detail at where
Vou are now.

Objective

You should know what is expected of vou during vour time in school
and vou should be able to explain the programimice of activities that has
been made for you,

Instructions

This exercise has three parts cach with a specific ain

Part I involves looking critically at the competencies to see if
therr meanings are clear and to see it vou can find any limitations
that they mayv present in deseribimg what being 4 teacher in-
\Ul\ s,

Part 2 involves individually writing vour own, possibly tenta-
tive, assessmient of vour position with respect to these eriteria and
any other ceriteria that vou think are helptul. The aim of this part
s to help vou to see the progress that you have made and to
dentify areas where vou will need to focus in the coming weeks.
Part 3 involves discussing your own assessment with your men-
tor. The aim of this part is to give vou an indication of vour
progress as seen by other people and to provide you with concrete
suggestions which will help in vour development.

After vou have gone through this exercise your mentor will
eaplim the timetable of activities and classes that have been

antanged ot you sothat you can see the opportanities that you
will have to develop the competencies that vou have discussed.

Q

ERIC

PAFullToxt Provided by ERIC




Q

E

PAFullToxt Provided by ERIC

RIC

Progress and Potential

11.2b Assessing Starting Positions
Mentor's Brief

This activity is designed to give the student teachers an opportunity
to get some feedback early in their time in school about the initial
impressions that they have created. By making it an explicit activ-
ity it may give you a forum for feeding back comments that other
staff and the pupils may have made to you as well as to give you
an opportunity to make your own appraisal of the student teachers’
initial impact on the school. :

Time ¢ 1 hour for the student teacher
e iz hour discussion with mentor

Background

Being a teacher is not just about the quality of the tearning and teaching that
goes on in the classroom. Being a professional has wider implications and
responsibilities. It is important that you are able to maintain the student teachers’
development throughout their time in school. To do this requires regular
intervention on your part. The intervention involves you in focusing the
student teachers on their progress. As well as utilizing vour own ideas during,
this exercise. vou should have collected comments trom other statf cither
formally. or more likely. informally about their mitial impressions of the
student teacher. You may have abso picked up comments from pupils that
may be useful m the discussion.

Tnstructions

+ Exphain to the student teachers that the aim of this activity is to give
them an opportunity to get some feedback carly m their time in school.

o After writing down what impression they have tried to give and what
mapression they think that they have given m their first few days in
wchool, vou should read through what they have written and com-
ment on it. You must be very carcful to be as fair, as positive and as
helptul as possible. You may wish to make it a reciprocal activity, that
is vou allow the student teachers to give their impression of you. This
miust be handled with as much tact as is necessary to make sure that
the end result s posttive mterms of encouraging the student teachers
to mprove on what they are domg because they believe that 1t i
necessary not stmply because vou tell them that it is desirable.
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Discussion peints

Ideally, the student teachers should feel reassured that they have made a good
start to their time in school and should have some positive feedback from you
and your colleagues They should also have clear ideas, on paper, ab()ut w hat
they should aim to do next.

Student teachers who have started badly need to counselled ,\'isely. It is
better to flag points now than to have to deal with more established problems
later. Don't just give problems — give solutions. Common problerns include:

*  Over-familiarity with pupils

* Not being sensitive to the micropolitics of the department or the school
(e.g.. sitting in ‘someone’s’ chair in the staffroom can be perceived as
insensitivity)

* Being too demanding of busy staff members’ time

* ‘Knowing everything about education’

* Being over-critical of what they see in the school.

Solutions generally start with an appreciation of the problem. If you can't
see the problem, then you don't need to worry about a solution. Most of the
problems above require the student teacher shifting the locus of his or her
concern from themselves to others. i.e., thinking about other people’s needs
and wants as well as focusing solely on themselves, How eftectively the student
teachers can do this depends on his or her personalities and vour effectiveness
at persuasion.

11.2b Assessing starting positions
Student Teacher's Brief
This activity will give you an opportunity to get feedback about how

vou are doing so far in school. You don't alwavs sce yourself as others
see you and sometimes vou may give o complet Iy false impression of
yourself without realizing it. However. it can be argued that yvou are
what other people think vou are.

Instructions

o Write down what inipression you have been trying to give
during vour time in school. Give some examples o what you
have been doing to create & positive impression. This should
take aboutr 20 munutes.

*  Write down anything that you wish vou hadn’t done or said toa
pupil and to members of staft. This should take 10 minutes at most.

* Your mentor will read what you wnite and will then discuss
what vou have written,
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11.3 What Progress have I Made?
Mentor's Brief

At the end of the activity you should both have agreed on the
progress that you think has been made and on the improvements
that you want to see. The student teacher should be aware of the
help that you will give them to assist in making the improvements.

Tine 1 hour for the student teacher
/s hour discussion with mentor

Buckground

This activity is an opportunity for you and the student teacher to take stock
of the progress that you have both noticed during the first few lessons that
you have seen. You will peed to have collected together the notes that you
(and other staff) may have made about the student teacher's lessons. You wih
need to have checked with the technicians whether they have had enough
notice of apparatus requisitions or whether they have noticed above average
breakages or amounts of equipment missing. You will need to have looked
at the books that the student teacher has marked and talked to some of the
pupils that have been taught by the student teacher.

Instructions

You may find it useful to start with the 9792 competence list that you may
have used 1 Activity 11.2a. You could go through this list but that may not
be an efficient way of proceeding. 1t may be better if you tocus on the broad
headings (see page 202) and use the speafic competences it you need to ex-
pound on points.

It is difficult at this stage to be positive yet realistic. Problems sometimes
oceur when mentors have not given student teachers adequate indicanons that
there are arcas where they have some concerns about the level of performance,
It is critical that you point cut as clearly and as carcfully as you can what im-
provements you think are necessary and achicy able over the next few lessons. In
activity 11.1d, you discussed ways  “preempting problems - - have any of these
problems occurred? Has the student teacher responded to the advice offered?

Dyixcussiosnt poinis

At the end of this activty svou should both have a witten record of the
progress that the students made so far and of the unprovements that the
students going to try to make. ftis important that the students agree to muke
dranges Of necessary) in what they are going, to do,
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11.3 What Progress have I Made?
. : Student Teacher's Brief

— Now that you have taught a few lessons you should have a clearer idea

R i about how much progress you have made, what you think your strengths -

B [ arc and where you think you need to make improvements. Your per-
ceptions may not be the same as other teachers or indeed your pupils.

L The purpose of this activity is to give you a chance to stand back and,

' with your mentor. to focus on your progress.

Instructions

o i * Collect together all the feedback that you have had on your
X teaching so far.

- ¢ Under the following headings write down the comments that
> : people have made and then add your own comments. You may
. need to refer to the list of competences that you looked at earlier

in the term:
Subject Knowledge
: Subject Application
: Class Management
i Assessment and Recording of Pupils' Progress
i
|
1
i

Further Professional Development.
* You can cither write down the answers to the following ques-
tions or you can discuss them with your mentor or both:

i What progress have you made?
i What has gone well? ‘
f What would you not do again and why?
| What improvements do you need to make?
s What goals can you realistically attain over the next few
|
|
1
i

weeks?

If you could change three things. what would they be (and .
why)? i

11.4 Mid-term Review

Mentor's Brief

Ameo This actvity is another opportunity for you and the student teacher
Y rp Y Y ‘

to take stock of the progress that you have both noticed half-way

through their time in school. At the end of the activity you should

— 202

[
&2
-
c

ERIC




Progress and Potential

both have agreed on the progress that you think has been made and
on the improvements that you want to sce. The student teacher
should be aware of the help that you will give him or her to assist
m making the improvements.

Time ¢ 1 hour for the student
+ > hour discussion with mentor

Background

You will need to have collected together the notes that you (and other staff)
may have made about the student teachers lessons during their teaching
experience and any other relevant data (marked books, requisition slips or
dpparatus orders, copies of reports to parents, ctc.).

Instructions

Activity 11.4a involves drawing a profile of how they felt at different points
in the time in school. Use this as a way into discussing the relationship be-
tween. how one performs, the feedback that one gets and the way that one
feels.

Activity 11.4b involves the 9792 competence list that you may have used
in Activity 11.22. Once the student teacher has had sufficient time to go
through the list of competences, vou need to discuss their progress and to
agree what changes you need to see and what helo you are going to give.

Summary

It is critical that you point out as clearly and as carefully as you can what
improvements you think nwst be made. By this time, the student teacher’s
habits may be resistant to change and it will require you to agree clear plans
for action,

At the end of this activity you should both have a written record of the
progress that the student teachers have made <o far and of the improvements
that they will make, It is critical that the student teachers agree to make
changes (if necessary) in what they are going to do.

11.4a Mid-term Review

Student Teadher's Brict

Now that you are half way through vour teaching practice, you should
have a clear idea about yvour progress. The purpose of this activity is to

|
i
.
i
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sum up your progress and 1o use that information to decide what actions
vou are going to take next.

Instructions

The diagram betow shows a simplified version of a student
teacher’s profile of their teaching practice. The shape of the line
represents how they felt at the time and the words sum up the
reasons for the highs and lows.

‘Respect’

97 under control

\ Fust fuli lesson
I can t do that \/\ /Someone said "thanks’
S

/
/
/

‘Lost temper wth 97

Faure 111 One student teacher's hqt point‘iow pomnt profile presented at a
nsd-tere review

e Now, you should draw a more detailed profile for vour time in
the school. You will use the final profile as a guide to planning
the targets for the next part of your teaching practice. Collect
together all the feedback that you have had on your teaching so
far.

11.4b Assessing your Competence
Student Teacher's Bief
Instructions
e Usig the ist of competences as a guide, write down what evid-

ence you have about your progress. You will need to discuss
what yvou have written with your mentor,
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You can cither write down the answers to the following ques-
tions or you can discuss them with your mentor or both:
What progress have you made?
What has gone well?
What would you not do again and why?
What improvements do you need to make?
What goals can you realistically attain over the next few
weeks?
If vou could change three things. what would they be (and
why)?

[——

11.5 Windows of Opportunity

Mentor's Hri(_'f

Aims * To provide a the student teacher with a summative assessment of
their progress. To provide an opportunity to set targets for the
student teacher m terms of tuture progress.

Time * 1 hour for the student teacher

o '/~ hour discusston with nientor

Background

Any formal assessment of the student teacher should have been completed
before doing this activity. As one dact comes to an end, another is about to
begin, Now i a time to look forward to the next steps in the student teachers”

A time to think of what professtonal development they will need.

Instructions

Both you and the student teacher should write down five positive
pomts about their teaching performance.
You should both also write down five arcas for improvement.

» Compare what you have written and then put them into groups as

indicated on the activity sheet. Only three of the four ‘windows™ (A,
B and CY will have intormation in them.

Your task is to suggest further professional development that the
wadent teachers should consider. both short term and long term. Jom-
g professional organizations, INSET, turther degrees, ete. all have
something to offer.

o
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Discussion points

Window 1D represents points that neither of you know about at present. The
point to make here is that either another per,on or a more careful observation
on your part or the student teacher’s part would be needed to provide some-
thing for the fourth window. This involves the student teacher in critical
self-reflection or the cotlection of information from other sources. In Chapter
I reference was made to teachers as professionals being criticalty reflective
about their own practice. The reflective teacher builds in to their routine work
systems to continue professional development.

f 11.5 Windows of Opportunity
Student Teacher’s Brief

¢ By now, vou will have hod a variety of experiences and you will have
| learned a lot about teaching and about yourself. Your mentor will have ;
given you feedback about your progress and about your potential. The |
purpose of this final activity is to share your perceptions about where
vou arc and where you need to go next. in terms of becoming a better
teacher. :

Instructions

e Write down five positive points about vour teaching and five
areas for improvement. .

¢ Your mentor will also write down points about your teaching.

¢ When you have both finished. compare what you have written
and put the points into one of the four ‘windows™ below:

Tatie 111 A review grd for placing self-analysis and mentor comments for
comparnson and discussion
!
Pt i
' Known by ; A B
Mentor

Known by student teacher Not known by student teacher

+

Not known
by mentor

o)

‘ The imtormation m Window A is known to you both:
i The information in Windows BB and C was hidden from one
: of you and 1 now known;

There will not be anything in Window D.
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How do you find out what is in Window 1?

Critical self-reflection is not automatic and you will need to develop
ways of reducing the size of window 1. Collecting feedback from pupils
in a systematic way is one of the most useful things you can do. For
example. monitoring pupils’ test results, as in activity 10,5 is a technique
vou should consider as a routine part of your work.

Progress and Potential



Appendix 1 — Teacher Competences
Reproduced From DfE Circular 9/92

COMPETENCES EXPECTED OF NEWLY QUALIFIED TEACHERS

Higher education institutions. schools and students should focus on
the competences of teaching throughout the whole period of initial
training. The progressive development of these competences should be
monitored regularly during initial training. Their attainment at a level
appropriate to newly qualified teachers should be the objective of every
student taking a course of initial training.

Subject Knowledge

Newly qualified teachers should be able to demonstrate:

2.2.1

an understanding of the knowledge, concepts and skills of their
specialist subjects and of the place of these subjects in the school
curriculum:

knowledge and understanding of the National Curriculum and
attainment targets (NCATs) and the programmes of study (PoS)
in the subjects they are preparing to teach, together with an under-
standing of the framework of the statutory requirements:

a breadth and depth of subject knowledge extending beyond PoS
and examination syllabuses in school.

Subject Application

Newly qualified teachers should be able to:

produce coherent lesson plans which take account of NCA'l's and
of the school’s curriculum policies;

ensure continuity and progression within and between classes
and in subjects:

set appropriately demanding expectations for pupils:




1o
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Appendix |

employ a range of teaching strategies appropriate to the age. ability
and attainment level of pupils:
present subject content in clear language and in stimulating
manner;

contribute to the development of pupils’ language and commun-
ication skills:

demonstrate ability to select and use appropriate resources, in-
cluding Information Technology.

Class Management

Newly qualified teachers should be able to:

1o
1o

decide when teaching the whole class, groups, pairs, or indivi-
duals is appropriate for particular learning purposes:

create and maintain a purposeful and orderly environment for
the pupils:

devise and use appropriate rewards and sanctions to maintain
an effective learning environment.

maintain pupils’ interest and motivation.

Assessment and Recording of Pupils’ Progress

1%

Newly qualified teachers should be able to:

!J

931
29

o o to
1T DN

identify the current level of attainment of individual pupils using
NCATSs. statements and attainment and end of key stage state-
ments where applicable:

judge how well each pupil performs against the standard ex-
pected of a pupil of that age:

assess and record systematically the progress of individual pupils:
use such assessment in their teaching:

demonstrate that they understand the importance of reporting
to pupils on their progress and of marking their work regularly
against agreed criteria,

Further Professional Development

Newly qualified teachers should have acquired in initial training the
necessary foundation to develop:

an understanding of the school as an institution and its place
within the community;

oy
o
-
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2.6.2 2 working knowledge of their pastoral., contractual, legal and
administrative responsibilities as teachers:

2.6.3 an ability to develop effective working relationships with profes-
sional collecagues and parents, and to develop their communica-
tion skills;

2.6.4 an awareness of individual differences. including social. psycho-
logical. developmental and cultural dimensions;

2.6.5  the ability to recognize diversity of talent including that of gifted
pupils;

2.6.6 the ability to identify special educational needs or learning

difficulties:

asclf-critical approach to diagnosing and ey aluating pupils” learn-

ing. including a recognition of the effects on that learning of

teachers” expectations;

2.6.8 areadiness to promote the moral and spiritual well-being of pupils.

210

l..«f.‘x
Q
ERIC

3Y s




Appendix 2 — List of Useful
Addresses

The Association for Science Education
College Tane.

Hattield.

Herts,

AL 1O YAA

Tel: 07072-67411

The National SATRO Co-ordinator
Science. Design and Technology Centre.
Middle Lane.

Kingsiv. Nr. Frodsham.

Cheshire.

WA 617

Tel: 0928788854

Britich Society for the History of Science
31, High Street.

sStantord m the Vale

Faringdon

Oxon.

SN7 81 H.

Iel: 0367-718963
Note: From 16th Apnl 1995 07072 — 017072

0928 — 01928
1367 — 01367
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Fifty school-based activities are packed into this text providing all those
involved in training science teachers - pre-service, in-service and
quality control - with a unique resource. Targeted at the pre-service
teacher and mentor, the nine areas of science teacher competence are
crossed with five levels of progression to provide a flexible programme
of training. Each activity has a commentary for mentors as well as
notes for student teachers. Five of the activities are specifically written
to help mentors review progress at each of the five levels. The
commentaries and notes are designed to support the ‘what' and "how’
of the activities with some 'why' and ‘when'.

Whilst focused on pre-service training, the materials can be used by
experienced teachers to refresh their own practice; Heads of science
departments can selectively use activities for upgrading science
teaching within their departments; and those concerned with quality
control and certification can recommend activities to aid further
professional development.

The editors, Martin Monk and Justin Dillon, and the contributors,
Philip Adey, Bob Fairbrother, Christine Harrison, Jonathan Osbourne
and Rod Watson, are members of the Science Education staff in the
Centre for Educational Studies at King's College London. Collectively,
they represent 175 years of experience in laboratories and classrooms,
working with pupils, student teachers and teacher trainers. They have
considerable experience of authoring and editing secondary science
textbooks: devising and compiling curriculum materials; consultancy
work: contact work for overseas teacher training; educational research
and research publications.
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