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ABSTRACT
SCIENCE IN A RURAL COMPREHENSIVE SCHOOL: A CASE STUDY
BY BRIAN EDWIN THORN
The study is concerned with the evaluation of aspects of science
education in a small rural comprehensive school,
A review of the literature establishes links between curriculum
development and evaluation which are regarded as essentially two halves
of the same process. Curriculum is defined as the sum of all formal and
informal learning which occurs within schools.,
A naturalistic methodology is used since it is claimed that the richness
of the description obtained illuminates areas of concern far more
effectively than purely gquantitative techniques would allow. An eclectic
approach, using a variety of data gathering strategies, is employed, then
emerging issues are subjected to ‘progressive focussing'.
Trials of the new Nuffield Combined Science course were considered with
reference to the suitability of the materials for use with mixed-ability
groups of first year pupils. Problems vosed by scientific language are
investigated through readability measures applied to textbooks and
worksheets. A general lack of undefstanding reported by pupils on
Integrated Science courses and reactions of teachers and pupils to girls
in science form major areas of the research. Consideration of pupil-
teacher relationships in science poses the question of whether teachers

should involve pupils in the decision-making and curriculum development:

o

reference is made to recent research conducted on this issue.

Seeking to illuminate those aspscts of science teaching and learning
which are perceived as important, the issues are presented, wherever
possible, in the participants®' own words supplemented by description
with a view to achieving greater understanding of curre;t practice.

The question of whether such methods are useful tools in the process of
school self-evaluation and staff development is left for the staff of the
school to decide when they have had the opportunity to assess the results

of the study. =

November 1985
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INTRODUCTION
The impetus to undertake an evaluation of the science
department of this small rural comprehensive school came
from the Head of Department who hoped <that it would
complement and also provide additional information for a
report he was writing for the Secondary Science Curriculum
Review.
After reading some of the available literature on
evaluation the writer decided that an approach which
attempted to be descriptive rather than attewmpting a
quantitative assessment of the department might be most
helpful to the teachers.
Through a literature study links are established between
curriculum development and evaluation since they may be
seen as part of the same process.
A pumber of curriculum mcdels are examined including the
behaviourist curriculum model supported by Tyler(1849)
since this has had, and continues to have, a mBajor
influence upon the way teachers teach. This mcdel is found
to be insdequate since it is axiomatic that all changes in
learning are capable of measurement. The view expressed by
Stenhouse (1975) that there are many areas of study which
do not allow precise measurement of oubcomes is ignored,
for example art or literature appreciation.
The view 1s tTaken in the study that teachers should be

concerned with the processes of learning and should take a



more eclectic view of the curriculum than the one which

regards it as the list of subjects on the timetable.

One view of curriculum which is considered is that it must
include all the formal and informal learning experiences to
which children are exposed during the course of a school
day. It is argued that learning does not simply take place
when the teacher speaks or sets the class a task, it is
taking place all the time through the implicit messages
which each school transmits and which may be largely
intangible, but which go to make up the *ethos’ of the
school.

If the ’hiddem curriculum’ is an “essential ingredient in
the vhole curriculum them it could be argued that
curriculum development can only be successfully carried on
by individual schools and cannot appropriately be served-up
in neat packages in the form of national projects. There
might be a case for saying that the people who work in the
school, which might include pupils, must decide how to
implement new ideas and they must establish the criteria
for success through a continuous monitoring of their own
performance - this is what is called self-evaluation.

The ’naturalistic’ evaluation which is the subject of this
study was conducted in the science department of a small
rural comprehensive school. In providing a description of
the location and context of the school along with a
historical review of the department (See Appendix H)

Hemilton’s point is accepted:

\N



*that an appreciaﬁion of +the historical and cultural
location of a “case” is pertinent to the development of a
valid interpretative account’® (Hamilton, 1977).

The invitation to conduct the evaluation was made by the
HBead of Department sasnd it was decided ©to adopt the
techniques of the anthropologist,enthnographer and the
sociologist. A *holistic? approach was adopted in
collecting qualitative descriptive data with a view to
identifying issues which emerged as being important in the
functioning of the department.

Classroom observations generated data very rapidly imn the
form of field-notes and audio tapes so that it soon became
apparent that it would mot be possible to sustain the task
of <transcribing everything. Issues began to emerge quite
quickly so that it was possible to begin the process of
‘progressive focussing® on a limited number of areas
{Dearden and Laurillard, 1977), as they were identified in
conversations with teachers and pupils.

Thus a major segment of a qualitative report should be
devoted to descriptioms of the school world the subjects
live in as they see it. Two appropriate procedures employed
to gather data are open—-ended interviews and participant
observation’® (Spector, 1884}.

The intention +to record then transcribe all conversations
before feeding them back to the participants was only
partially successful not only because of the size of the

physical task itself, but alsoc because it wasn’t always



possible to errange for staff and pupils to go through them
in the limited time they had available to them. Practical
lessons were difficult to record on a portable tape
recorder because pupils were often very mobile and the
level of background noise picked-up by the built-in
microphone made transcription impossible.

Ideally data should be fed-back to participants soon after
the event to ensure that memories and impressions are still
fresh.

One of the criticisms of this type of evaluation is that
its output is descriptive and based upon subjective
observation which cen permit bias to enter into the
findings, but the analysis seeks to achieve understanding
rather than assessment in this case.

This review of the literature led the writer to consider
the following issues.

The new Nuffield Combined Science project became a focus of
attention since it was seen as presenting science in a new
and potentially exciting way although it was still at the
trial stage.A survey of first and second year pupils was
made to discover how they described scientists to see
whether there was any evidence of sex stereotyping, also
questions were asked to compare topics of interest between
boys and girls.

& second focus of attention was the integrated science
course which is taught to both O level and CSE groups im

the third, fourth and fifth years and from which a number



of issues emerged: the involvement of girls in science as a
compulsory subject, langusge and understandim@ in sclience
(which also arose imn the study of combined science),
textbook analysis and readability, and the questicon of
classrocom interaction.The identification of these topics as
separate issues is however a distortion since they are very
much interwoven and cannot properly be isolated.

A questionnaire was administered to these yeargroups to try
to discover something about their dgeneral attitude towards
science and this was compared with the information which
pupils had written on their profile reports.By using These
methoeds in con junction with* the taped lessons and
conversations it was. hoped by this Process of
‘triangulation’ ©To bulld up a comprehensive and accurate
pPicture of pupils’ perceptions of science and to be able to
assess whether there was any indication that as pupils get
older their interest in science diminishes.

This particular methcdology had certain similarities with
the methcd which Gagne{(1963) proposed for science and which
coincidentally is +the basis of the Schools Council
Integrated Science project. From observation it was hoped
to develop hypotheses which might be extended towards more
generally applicable ideas, a methcd which Frankenberg
supported when he maintained that °only the particularistic
can illuminate the universalistic’. (Frankenberg cited in
Lacey, 1870)

The total amount of data ccllected on tape was substantial




therefore it was necessary to follow Parlett’s (1975)
advice that data must be brutally edited and selected, but
this may inevitably lead to the interpretation being
personal.

*The uninitiasted researcher tries to appreciate the
sensitivity and skills of perception and interpretation
ethnographlic techmlgues require, but these skills can
only be developed through experience.’(McGarvey, 1979}
Pupils im schools do not all have the same ’knowledge’ of
their school lives: it 1is apparent from reading the
transcripts which are included im Appendix C that even
within tightly formed groups of “pupils, perceptions and
Judgements which they make of their teachers and the work
may be very different. Yet such groups come to be
identified 1im ways which suggest that teachers often label
them not as individuals but as members of groups of
*hard-working’, ’‘quiet’ or ’disruptive’ pupils. Equally
pupils have their own system for labelling teachers
according to a variety of criteria.

It may be that by involving pupils in the process of
evaluation a more accurate picture of school 1life would
result. The present research was intended to use the
opinions and views of the pupils alongside those of the
teachers in order to present as full a picture of the work
of the department as possible eand to +try to assess the
value of involving pupils in this sort of development work.

It may be that this will be a positive way of creating a



genuine link between teaching and learning so helping to
rid our schools of the feeling that educatiom is about
negotiating for survival.It may also provide teachers with
a more satisfying and exciting avenue for professional

development and enable pupils to feel that they too have an

active and
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CHAPTER I

TOWARDS CURRICULUM DEVELOPMENT THRCUGH EVALUATION



TOWARDS CURRICULUM DEVELOPMENT THROUGH EVALUATION

-A& REVIER OF THE LITERATURE

If the contribution of the science department in the school
is to be viewed in the context of curriculum development
then it is necessary to be familiar with the major threads
of curriculum thought which have developed in British

education.

The history of curriculum research is relatively short in
this country being only about 25 years, but during that
periocd of time there have been fundamental changes in
education as well as in society in general. The main thesis
of this chapter 1s +to consider the argu ment that if
curriculum development 1s to be effective, it must be
grounded in individual schools although developments may be
supported by outside agencies at least initially. It is
also part of the same case that any results 1in curriculum
development must be regarded as tentative. As Stenhouse
points out:

’The improvement of teaching is not the linear process of
the pursQit of obvious goals. It is about the growth of
understanding and skill of teachers which constitute their
resocurce in meeting new situations which make old
aspirations inappropriate or unattainable........ Progress

comes as we deploy in the face of the new puzzle, what we



learned from our intelligent failure +to solve the old.’

{Stenhouse, 1980, 244)

Out of this suggestion grows the belief that if curriculum
development is to be meaningful and successful it pust
result from the continuous self-evaluation of the work of
the school and this may require the involvement of the
pupils, who, as recipients, have a major stake in its
success. After a broad resumee of curriculum development
the review of the 1literature is divided into 6 sections
dealing with:

— The ObJjectives Model -

— Curriculum as a selection of total knowledge

— Curriculum as induction into culture

— The Child-Centred Curriculum

— The Process Model of Curriculum Development

— Curriliculum Development through Evaluation.

A Curriculum Development.

’What should children learn? What should the schools
teach?’ (Richmond, 1971,3) Two apparently simple questions
which have long presented curriculum planners and educators
with the problem of defining curriculum, since it is a term
which 1s 1n general useage,but seems to defy precise
description. (Bell, 1971)

>...from the moment of his birth the child is in continuing

interaction with many curricula in many educative
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institutions, or if one prefers with an extended curriculum
taught and learned {(and mistaught and mislearned) in a
variety of situations.’{Dewey cited by Cremin, 1975,31)

Cne can only assume that the emphasis on the curriculum of
schooling arises from the relative ease with which it wmay
be studied and controlled when compared with the problems
which would arise if curriculum theorists tried to explain
curriculum in terms of all the experiences of an
individual.

The practice of systematic consideration of curriculum is a
relatively recent phenomenon in this country. It is perhaps
twenty-five years since curricuium development, as a
serious study, entered the conciousness of teachers, but it
remains contentious as new ideas must compete with existing
ones 1n the struggle over what should be taught. (Taylor
and Richards, 1979)

The first major curriculum development took place 1in +the
private sector of education with the development of the
Schools Mathematics Project, a move which prompted
initiatives from industry and universities to assist the
curriculum in state grammar schools: the Nuffield
Foundation quickly followed +the lead with assistance for
work on science and technology. (Stenhouse, 1983)

The establishment of the Schools Council in 1963 gave
curriculum development its credibility. For many people
though, tensions soon emerged over whether it should be

school-based with teacher participation as a form of staff
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development or whether it should be centralliy-directed with
emphasis upon monitoring and
accountability. (Stenhouse, 1383}

Curriculum development as the applied branch of curriculunm
study was seeking links between theory and practice through
a research and development approach to group or individual
teaching. { Stenhouse, 1975) A thorough study of the
curriculum was conducted by a working party of the Schools
Council which produced a document called ’The Vhole
Curriculum 13-16° in 1975. Seven major issues were
identified which, stated briefly were: aims, content,
teaching and learning methods, availability, constraints on
curriculum {(i.e.,structural, financial, organisational,
ete., ), community context and assessment.

Three other factors were included:

1.curriculum development and professional self-development
were inter-related since teachers now have a large measure
of responsibility for making decisions about curriculum
issues which concern values and matters of Jjudgement. But
just as there are differences among people in any
discussion of social, philosophical and political issues,
so there are over curriculum matters, it is out of these
discussions that new ideas of thinking develop;
2.curriculum should be seen as dynamic since the school is
under continuous social, economic and political pressure:
change 1s a facet of our society and schools must adjust to

these changes, yet should maintain a direction — curriculum

12



in this sense is therefore a compromise of conflicting
opiniocns and attitudes;

3.the ’hidden curriculum), a unigue feature of each school,
must be considered because it often presents the greatest
learning problem to childrer since it is not explicit. It
may 1in fact conflict with the pupils’ previous experiences
and expectations yet 1t 1is part of +the process of
socialisation. It 1s possible that the force of the hidden
curriculum is sufficient to undermine the stated aims of
the curriculum.

It is the ’hidden curriculum’, though never publicly
acknowledged, with which pupils and*teachers must come to
terms if they are to be successful. (Jackson, 1968, 33-34)

A curriculum exists in all schools, and a curriculum model
may also exist as an 1ideal type in the minds of the
curriculum theorist, but it 1is the relationship between
these two which Stenhouse (1975) suggests might form the
true curriculum, but he warns against over-optimism that
the two might eventually match-up, we must be prepared to
confront our faillures. The curriculum in schools very often
falls short of the ideal because of variations in teachers
and pupils’ abilities and skills, availability of resources
and social, political and economic pressures. It may also
be Dbecause of the failure to achieve understanding of the
nature of curriculum.

B The ObJjectives Model.

serious and systematic comsideration of curriculum theory

13



probably began 1in America, when one of the earliest
writers, Franklin Bobbitt, developed the concept of
’scientific management’ which sought to adapt the
techniques of business organizations, with their emphasis
on productivity and efficiency, to the schoocl
situation.Bobbitt firmly believed in the sebting of very
specific and detailed objectives. (Kliebard,1975) 1t was
this perspective of curriculum which with few changes
became enshrined in the well-known rationale by Tyler
(1949).

What then is the purpose of education? Tyvler (1949} saw it
as a means of changing pupil “behaviour, he was not
interested in teacher activity since it could not be
assessed 1in his opinion. He believed that changes must be
pre-specified in the form of objectives.

’One can describe an objective with sufficient clarity if
he can describe or illustrate the kind of behaviour the
student is expected to acquire so that one could recognise
such behaviour if he saw it. (Tyler, 1949, 59-60)

Objectives setting gives direction to the main emphasis of
the studies, (Taba,1962), allows the decisions of the
’why’, ’what’ and ’how’ of the curriculum to be decided, and
forms a platform for assessment purposes.Bloom (1956) and
Krathwhol (1964) made significant contributions +to the
objectives model with their studies on the ’cognitive’ and
’affective’ domains.

The objectives model was applied to the Nuffield Science

1L



5-13 project with the broad aims being specified as a 1list
of obJjectives. The reaching of understanding 1in a
sequential and ordered way was also seen to be very useful
in systens analysis where it was easy to Judge
effectiveness and identify problems, making it cost
effective.

The curriculum is often seen 1n terms of measurable changes
in pupils, these may be specified 1in terms of ’intended
learning ocutcomes’ or ’behavioural objectives’.
{Stenhouse, 1975; Kelly,1977} The problem which Kelly
identifies is that behavioural outcomes which are precisely
defined may not cover a range of' objectives across the
cognitive, affective and psychomotor “domains’®.
Hierarchical lists of objectives may appear to be effective
but they do not take account of the fact that objectives
may be inter-related. Wheeler accepts objective setting as
a suitable plan for initiating the young into ‘some of the
appropriate ways of society’, though he does not imply a
hierarchy. (Wheeler, 1967)

Stenhouse was sceptical about the wvalue of such an
ambitious and comprehensive curriculum model, particularly
when related to the many variables, problems and activities
which exist in the schools situation. He suggests that any
findings based upon such a model would be highly
speculative firstly because of the lack of firm
understanding of how the school works and secondly because

the available data simply would not fit the model.
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‘We must beware of believing that in the objectives model -
or in any other model or theory -~ we have a systematic
solution to our curricular probiems, much less an
educational panacea.’ {Stenhouse, 1875,71).

Some areas of learning may simply be rewarding because they
add something to the quality of life rather than because
they help to meet a set of objectives. (Peters cited in
Stenhouse, 1975)

By +tramslating procedures, concepts and criteria into
objectives, schools distort knowledge and by prescribing
boundaries of knowledge through the use of the teacher as
the ’master of knowledge’, the field of knowledge available
to pupils 1s severely limited. (Young, Bernstein and Esland
in Young, 1971).

The locus of Stenhouse’s argument rests upon his contention
that setting behavioural objectives in the arts or creative
studies 1is totally inappropriate since it is not possible
to foresee outcomes or specify situations when teachers
would not have to make Jjudgements of quality or worth 1in
the sense that behaviourists would describe them.
Creativity cannot be prespecified 1in Stenhouse’s opinion
and philosophical arguments are conducted according to
procedures not on the basis of a set of behavioural
outcomes. He maintains that specifying content rather than
objectives would enable us to treat student learnings as
outcomes which in his opinion is fairer to the needs of the

individual since it 1s liberating rather than restricting.
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{Stenhouse, 1970, 73-83}
Eisner (1967) made a similar point when he identified
’instructional’ objectives, which correspond to behavioural
objectives, and which enable the individual to gain mastery
of those cultural tools which already exist and may become
common to all pupils.’Expressive’ objectives which are
non-prescriptive in terms of learning, relate to the
possibility of making creative responses and generating new
understanding, since they provide a ¢denulne learning
context and evaluation 1s the process of reflecting on what
has been achieved.
It could be argued that classrooms cannot be stereo—typed
because each is different, especially since teachers often
disagree about what is important and what is
unimportant:this diversity of value systems appears to make
the setting of specific cobjectives qulite meaningless.
On a very practlical point Stenhouse questions the ability
of any teacher, with a normal teaching commitment, +to be
able to maintain an accurate picture of how each pupil is
progressing in relation to the multiplicity of objectives
which would be set for each course he taught.
C. Curriculum as a selection of total knowledge.
Some curriculum theorists view the curriculum as a
selection from the total of human knowledge selected to
form a coherent whole which is useful, lasting and accords
with the development of democratic ideals. (Smith et

al, 1957)
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This idea that it is possible to make such a selection 1is
sometimes regarded as impossible and absurd. {(Holt, 19692)

. ..what we really sav, that some knowledge 1s essential

and the rest, as far as the school 1is concerned,
worthless..... *{Holt, 1969, 172-173)
This may be a somewhat extreme position, but it 1is one

supported by Postman and Weingartner (1969} who claim that
people over twenty—five have to accept that what they were
taught at school is outdated information, so how can 1t be
essential?

This question was addressed by Benjamin(1971) 1in his
satirical account of curriculum-~ in a prehistoric tribe,
when traditional subjects are challenged as being obsolete
and irrelevant to the needs of a changing society, but they
are defended by some on the grounds that they are part of a
timeless cultural heritage.

As knowledge continues to increase and society changes, so
the curriculum must be treated as open-ended, constantly
changing and tentative, 1f it is to keep pace. (Kelly, 1977)
But tradition iﬁ English education has emphasised
’subject’, ’syllabus’ and ’scheme of work’ (Richmond, 1971},
since many teachers seem to have only half-formed notions
of why they teach what they do —~ except that they went
through a similar process:

’What was taught yesterday tends to be taught today wunless
conscious efforts are made to change it through developing

alternatives.’ (Taylor and Richards, 1979, 15)
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In England decisions about what should be taught have often
been a question of adapting or adopting what was already in
existence bearing in mind the requirements of +the public
exaninations system. {(Watts,1980)

D. Curriculum as induction into culture.

Curriculum is somebimes identified as a way of inducting
children into the culture (Hirst, 1971. Bell,1971) and of
providing for the continuity of values in society. Peters
{1969) accepts the idea of initiation into knowledge which
he seems to regard as synonymous with culture. Hirst
believes that access to culture is the right of all and not
the privilege of the elite. Stenhouse (1975) questions
whether in a pluralist society it is possible +o talk in
terms of a single culture in any meaningful way since the
individual may experience many cultures as he moves about
in daily 1life: it may be possible to think in terms of
education providing access to many cultures which enable
effective communication to take place between groups. In a
sense Shipmén’s viéw.aCOofds with the culture model, in
that he sees education being used as a means of social
control by which children are taught to accept their status
in 1life (Shipman,1971), presumably by the decisions about
wvhat 1is selected by the school for transmission.This still
leaves several unanswered guestions about whether teachers
are competent to make the selection, whether selection is
on the basis of relevance, interest or what is considered

to be worthwhile.
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Access to the culture (usually left as a vague and nebulous
term) may be prevented by the ways in which schools are
organised. The provision of separate courses for slow
learners may separate pupils Just as effectively as
separate schools. Equally the individual teacher in his own
classroom can effectively ’stream’ groups simply by the way
he arranges the seating.

The problems of the slow learner are simlilar to those faced
by the working-class children identified by Bernstein
{Stenhouse, 1975,31) as having problems because of their
>restricted’ language code, they too were unable to access
the education system with its largely middle—class values
and perceptions. Stenhouse (1975) extends this idea by
suggesting that it is their ’perception of reality’ which
is different. The fundamental problem of working-class
children may be the difference between the school culture
and their everyday culture which Stenhouse feels the
schools should attempt to bridge.

’A single undifferentiated,preécriptive curriculum cannot
be expected to meét the needs of so many individuals, each
of whom is wunique in terms of his own senses and
perceptions, his own memories, cupidities and needs and may
well be the reason for much of the failure in education.’
(Kaufman, 1871, 123)

A second view adopts a discipline-centred approach
{Bruner, 1960), with knowledge gained being regarded as

worthwhile, generalisable to other future situations,

20



intellectually stimulating and forming a cocherent whole.
Bruner is concerned that the ’educated’ man should
understand his world sufficiently to form +the basis for
satisfying his curiosity and preparing him for being able
to make plans of actiocon, but he emphasises the changing
nature of knowledge.Schwab (cited in Stenhouse, 1975} urged
the need to teach pupils ’the significance of this
ephemeral character of knowledge’ so they did not regard it
as a statement of permanent truth.

Curriculum planning on the basis of separate subject
departments is not 1likely to encourage change which will
only be forthcoming when whole‘school staffs work together
in a concerted effort to meet the needs of the pupils
(Mann, 1983).

Apn extreme subject-centred view- regards education as a
*personal confrontation between teacher and pupil, at the
end of which a lesson has been well and truly learnt and
that there is positive value in insisting on hard work and
high standards’ (Hewitson;lgﬁg); Lessons probably would be
learnt, but would they have anything +to do with the
accepted picture of education?

The subject-centred approach over-emphasises examinations
which themselves inhibit curriculum change, {Cornwall, 1983;
Mann, 1983}, so schools should accept that ’examinations
should follow curriculum and not determine it’, (Norwood
Report, 1943), by working to minimise their impact.

The subject-based orientation of the curriculum is defended
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on the grounds that to adopt a more integrated approach
would be to move back towards the organisation of the
all-age schools where head teachers had unrivalled power
(Musgrove, 1978} . Musgrove bases his argument cn the premise
that diversification and differentiation are essential
features of modern society and he accepts the Durkheimian
view thatbt division of labour generates the interdependence
from which there can be a coming together +to establish
objectives. Organisation along subject lines confronts the
head teacher with several power bases and this reduces much
of his power to -act autocratically.

A weakness of Musgrove’s position seems to be that he
chooses to ignore the fact that subject specialisms can
lead to 1insularity possibly more than they encourage
co—operation. |

Two distinct types of cufriculum organisation were
identified by Bernstein (1871) when examined against the
school’s value system and organisational pattern. The
’collection’ type retained various elements as discrete and
isolated units 1i.e. subjects or disciplines, and the
>integrated’ +type was typified by the more open relation
between elements. The strength of the boundaries arocund
subjects was assessed using the concept of ’classification’
and the degree of teacher or pupil control over the
selection and pacing of work was referred to as the
strength of ’frame’.

Hamilton’s (1973} evaluation of the Scottish Integrated
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Scilence project revealed strong classification which
prevented successful integration, but OStenhouse (1873)
suggests that even when integrated units are created they
can themselves become new ’collection’ types. Perhaps this
has happened +o some extent with SCISP which has created
its own subject—liks boundary around itself.

The hierarchical organisation bf knowledge in any
collection code allows access to knowledge to be controlled
so that only a chosen few ever reach the sfage where the
full mystery is revealed (Bernsteiln,1971).

Teacher control of access to knowledge may be expressed in
other ways: ~

’With complex integrated curricula, team—teaching often
appears to lead to +tight framing; teachers facing
uncertainties of open—-endedness without a firm role close
down on possibilities and obtain security and power by
teaching pupils what questions can be put at any particular
time {(Stenhouse, 1975,50-51).

The presentation of curriculum matters in two documents
produced by H.M.I.: ’Curriculum 11-16° and ’Aspects of
Secondary Education in England’ tends to emphasise the
dominance of the subject approach, though they do consider
wider curricular issues, but the general +tone is
prescriptive in terms of the needs of society.

E. The Child-Centred Curriculum.

Dewey (19210) rejected the subject—centred model of

curriculum because its emphasis upon order and structure

23



denied individuality:

‘The child is simply the immature being who is to be
matured; he is the superficial being who is to be deepered;
his is narrow experience which is toc be widered. It is his
to receive, to accept. His part is fulfilled when he is
ductile and doecile.’ {Dewey,1910, 12)

How does Dewey see child development®

’His development, his growth, is the 1ideal. It also
furnishes the standard. To the growth of the child all
studies are subservient; they are Iinstruments valued as
they serve the needs of growth. Personality, character, is
more than subject-matter. Not knowledge or information, but
self-realization is the goal (Dewey,1910,12).

Dewey presents wus with an 1ideal which continues to
re—-appear from time to time in éducation as it did in the
late 1960°’s and early 1970°s. Kaufman (1971) pursues this
theme of individual dignity and worth when he suggests that
too often children are projected as behavioural machines.
The child-centred curriculum aims to set the child on a
voyage of self-discovery through self-directed activity
pursulng 1individual interests at his own pace. The teacher
acts as a facilitator in small group or individual learning
situations. He shares in forming problems and hypotheses,
provides access to resources and experiences of all kinds,
may give direct exposition, but does not undermine
individual autonomy in inquiry and problem solving.

This was the basis of Plowden (1967) which rejected the
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notion of knowledge being chopped into subjects because the
curriculum should enable the child to understand the world
on his own terms by constructing his own reality.

Critics, including Peters (1969} were able +to mount a
considerable caxpaign against the proposals which, sioply
put, suggested that such a °laissez-faire’ attitude towards
education would not serve the persomnal or intellectual
development of the child and leave the teacher with a very
tenuous and unsatisfactory role. Demands upon teachers
would be excessive 1in terms of attending to individual
demands and preparation of materials as well as demanding"a
highly flexible working environment supported by a huge
data and resource base.

Highly-motivated children from supportive homes might
succeed in self-directed 1learning, but children from
less-fortunate or culturally impoverished homes might
suffer from a lack of support and 1limited access to
knowledge, a situation which would not occur in the
subject-based approach. {This 1latter point 1is perhaps
wishful thinking in view of some homework tasks set by some
subject teachers).

Discovery learning may be exciting and motivating, but is
not particularly cost effective nor is it denuine discovery
since that depends wupon a base of previous knowledge.
{Shipman, 1972)

F. The Process Model of Curriculum Development.

In the search for a coherent model for curriculum
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development which would take into consideration the
complexities of school and classroom life Stenhouse
proposed the use of ’principles of procedure’ in his
’process model’ .. {Stenhouse, 1975}. in seeking an
alternative to the means—-ends or objectives model Stenhouse
turned to the ideas of Peters(1966) for a basis for the
selection of content which must be *worthwhile’ and ’‘must
involve knowledge and understanding and some kind of
cognitive perspectives which are not inert.’ {Peters cited
in Stenhouse, 1975)

’In the humanities curriculum one selects for adolescents
those topics which are of enduring human interest because
of their importance in the human situation.’ (Stenhouse in
Hooper, 1971,338-338) It is the intrinsic value of different
forms of knowledge which make ‘them valuable, not their
value as a means to objectives. The contribution which
activities such as science, history, literary appreciation
and poetry can make are valued because of the contribution
they make in illuminating other aspects of 1life. The key
procedures, concepts and criteria of these forms of
knowledge become the focus of joint speculation for both
the teacher and pupils in the classroom and provide the key
to achieving understanding. (Stenhouse, 1975, 83)

Such an approach to learning increases the opportunities
for reflective and critical thought which are regarded by
Stenhouse as necessary for the development of autonomous

and independent thinking. Indeed reflective theory was the
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basis for Dewey’s (1933} democrabic ethic of education
which reJjected the idea +that specific beliefs and ideas
could be instilled into children since the suppression of
knowledge is contrary to democratic ideals.

Bruner (1986) explained that the course Man:4 Course of
Study’® cast the teacher in the role not of an expert, but
of Jjoint learner and ewphasised the discovery and inguiry
approach to the work.

The Humanities Curriculum Project +tried to establish
procedures for achieving pupil understanding. It was
accepted that understanding could only be deepened through
the 1interaction of the participants, but the Project also
rejected any attempt at obJjective Judgement e g.
examinations, and aimed for self-assessment: any
examinations which were taken ﬁust not be seen as tha
’raison d’etre’ for the course;

The process model demands teachers of a very high quality
capable of helping puplils +to achieve understanding and
develop criteria of Jjudgement, but +too often teachers’
chief concern appears to be with survival and they do not
have the opportunities for professional development.

’In a system where curriculum decisions are seen as resting
with the individuwal school, the school becomes the focus of
curriculum development and a process of continuous organic
development becomes possible. On +this assumption every
school should have a broad development plan. From year to

year the curriculum will be modified as part of a
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continuous process of adjustment and improvement. ’
{Stenhouse, 1975, 123)
G. Curriculum Developwment through Evaluation.
This interest in the wider pilcture of curriculum
development was accepted by Harlen(1973) who perceived
teachers’ assessments and classroom observations as far
richer sources of information +than test results which
reflect only short-term changes in pupils’ behaviour.
The 1link between curriculum development and evaluation was
made by Cronbach:
‘Evaluation is a fundamental part of curriculum development
not an appendage. Its Jjob 1is to<collect facts the course
developer can and will use to do a better Jjob, and facts
from which a deeper understanding of the educational
process will emerge.’ {(Cronbach, 19735)
MacDonald (in Stenhouse, 1975) favoured a holistic approach
to evaluation and 1like Cronbach (19275} he believed that
evaluation was an aid to decision-making though he did not
see that as part of the evaluator’s role. Crombach also
envisaged evaluation playing a central role in
accountability.
MacDonald was concerned to provide information to a wide
audience and evaluation should attempt to represent the
interests of many by providing an exchange of information
between groups on the basis of a ’right to know’. This was
the central feature of ’democratic’ evaluation (Simons in

MeCormick et al,, 1981. MacDonald and Walker, 1974).
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In adopting an anthropclogical or naturalistic approach
Parlett and Hamilton (1872} expressed their concern over
previous evaluation methodology:

>Their aim {(unfulfilled) of achieving fully ’objective
methods® has led +to studies that are artificial and
restricted in scope. We argue that such evaluations are
inadequate for elucidating the complex problem areas they
confront and as a result provide little effective input to
the decision-making process’ (Parlett and Hamilton, 1972,1).
Using naturalistic methodology the records grow quickly
and rather chaotically. If noted faithfully they will
reflect the muddle and messiness of everyday life. However
ultimately, one becomes conscious of certain “"themes”.’
(Woods, 1977, 17)

’Evaluators adopting an illuminafive style are 1likened to
ethnogaphers immersing themselves in the milieu of the
innovation in order to identify significant issues and
phencmena and relating those to the expectations,
perceptions and experiences of the various participants and
other interested groups.’(Boud et al, 1985)

It is the emergence of themes or significant issues which
lead to a ’progressive focussing’ (Nisbet, 1974; Dearden and
Laurillard, 1977) wupon them as the central features of the
research. The difficulty appears to be in deciding how
sharply the focussing should ¢go: concentrating upon the
minute detail might mean that the general picture is lost,

on the other hand by taking a broad holistic approach the
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research may be so general that it reveals nothing of the
conplexity which 1is the make-up of classrcom life and
therefore 1t serves no purpose in helping to build a
theory.

take {(1967) adopts a wide view of evaluation 1n seeking to
understand the complexities of c¢lassreoom life. Doyie
identifies three major dimensions which make up this
complexity: multi—dimensionality, simultaneity and
unpredictability of events. (Doyle cited in Tamir, 1985)
Parlett and Hamilton’s work abandoned measurement in favour
of intensive study of the total programme: its rationale
and evolution, its operations, achievements and
difficulties, all of which are viewed in the context of the
school or °’learning milieu’ which 1is defined as ’the
social, psychological and material environment 1in which
students and teachers work together.’ (Parlett and
Hamilton, 1972, 11)

The uniqueness of each setting was stressed and they
emphasised that the evaluator must remember that the
*learning miliew’ also includes the prominent
personalities, accidents of history, feuds, in fact all of
those +things which together give it this stamp of
individuality. (Parlett in McCormick, 1981)

Weiss and Rein suggest that evaluation should be concerned
with describing the unfolding form of the experimental
intervention, the reactions of individuals and instiutions

subjected to its impact and consequences, so far as they
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can be learned by ’interview’ and observation of these
individuals and institutions. It would lean towards the use
of methodology emphasizing interview and observation,
though it would not be restricted to them. Bubt 1t would be
much more concerned with learning than with measuring.
{Weiss and Rein cited in Stenhouse, 1975)

The other major concept which Parlett and Hamilton employ
is the ’instructional system’ which refers to the
formalized plans or statements upon which the instiution
operates,; i.e. aims and objectives, statements about
organisational structures etc. In other words the fabric
upon vwhich learning 1is founded; but the evaluator must
remember that it is not lmmutable and mway undergo major
changes 1n each learning situation as it is applied by
teachers 1in their classroom encounters. (Parlett and
Hamilton, 1972)

Pedagogic research 1is eclectic and pragmatic as it seeks
improvements and solutions to practical
problems, (Bassey, 1983), +through observation, interviews,
gquestionnaires and analysis of documents and background
information, 1including quantitative data. (Nisbet, 1874} The
value of collecting data from a number of different sources
and employing a variety of +techniques 1is that this
facilitates the process of validation through a process of
’triangualation’. As Adelman (1981) points out however
triangulation involves evaluations of the actions of an

actor in a role, not an evaluation of the person:
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’...the most any evaluation, whatever its methodcology can
provide is evidence 1n pursuit of +truth...it can only
constitute a stage in a more or less continuous educational
debate.’ (Adelman and Alexander, 1882}

Kushner and Norris (1980) suggest that the validity of
naturalistic research 1is achieved when participants have
agreed, in open dialogue, what constitubtes a truthful
account of the school.

’We measured the programme at perhaps its point of greatest
strength - that’s what I mean by being fair....Where the
programme did +turn out badly we reported it. Through
familiarity with the programme wé also knew where the
weakest points lay.... That’s what I mean by being honest.’
{House, 1972)

If the researcher is to be successful he must gain the
confidence and co-operation of individuals which to a large
extent may depend on his ability to assure them of
confidentiality, avoid being seen as a tool of the
administration and also realising that his presence will
have a profound effect on the situation (Parlett,1975;
Straton in Tamir, 1985}).

Naturalistic evaluation should produce reports which are
rich 1in description and intelligent analysis, which are
easily read, 1illuminate issues and promobe discussion
{Jenkins et al,1981), though many have not been accepted
when written, possibly because they do not make

recommendations.
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A separate strand of naturalistic methodology adopted the
concept of ’curriculum critieism’ which viewed the
curriculum as an art object which could be understood by
using the methods of literary criticism {(Mapn,Willis, Eisner
and Jenkins). It recelved some support from Stenhouse
{1975} but was vigourously attacked by Gibson (1881)
because of the rather grandiose and omniscient literary
style of its supporters.

In disagreeing with naturalistic methodology Henderson
{(1979) argues that it is too time consuming, too impersonal
and requiring expertise — he suggests that if evaluation is
to be a normal feature of institutional life then it should
take place naturally during and after meetings. If this
does happen then it way tend +to be non-structured,
non-systematic and often highly subjective with 1little
attempt to analyse the classroom in anything other than a
superficial way.

An alternative to the qualitative-naturalistic—descriptive
methodology or social anthropology paradigm (Parlett, 1975)
is to use a quantitative-scientific-summative methodology
or agricultural paradigm (Parlett,1975) which follows a
prre—determined experimental design and accords more with
the behavioural objectives wmodel of curriculum being
concerned with measuring end results which may be used to
pursue accountability.

Parsons (in Lacey and Lawton, 1981) supports measurement

programmes located in discipline-based, policy-orientated
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research as the only true method of providing information
for decision-makers. Methcds which concentrate on school
organisation and +Hteaching do not show sufficient interest
in pupils’ development and Parsons accuses the ’‘new wave’
evaluators of °‘conceptual impoverishment’.

Nevo (1983) advises that the evaluator should select the
methcdology which best suits hils purpose rather than
adopting a closed mind.

In locking for reasons for the growth in interest in
evaluation and particularly school self-evaluation Simons
(in Lacey and Lawton, 1981) suggests that schools might have
reacted to the setting-up of the Assessment of Performance
Unit. By becoming involved themselves they could determine
the criteria. However Simons does make the point that
evaluation should precede curriculum change and not follow
it. A further incentive may have been that it was seen as
enhancing the professional image of the teacher. This is
certainly one of the benefits expressed by Simons to which
she adds the improved edﬁcational performance of the
school, though she does not see this in terms of
accountability.

Case-study reports should not be conclusive, but should
accurately reflect the opinions of the participants, but it
must be accepted that there will be value Jjudgement in what
to include and what to leave out of reports.(Simons cited
in Safari, 1974)

Emphasis 1is placed upon the need to present data by using
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the subjects’ own words as they provide important insights
into how they define their world {Spector, 1984.
Nisbet, 1874):

’Thus a major segment of a gqualitative report should be
devoted to descriptions of the school world the subjechts
live 1in, as they see 1it. Two appropriate procedures
employed to gather data are open-ended interviews and
participant-cobservation.’ (Spector, 1984)

Wood (cited in Adelman, 1981} warned of the danger of
interviews, which might create situations which were ideal
for’ exaggeration, misrepresentation;lies and melcdrama;
these must be identified and regarded as data rather than
information. Simons (in Adelman, 1981) makes the point that
interviews should be conversations not inquisitions. The
major difficulty for the interviewer is to control his own
part 1in the conversation in that he must allow issues to
emerge and be explored by the interviewee, but he must also
have the skill to elicit deeper answers when they seem to
be in danger of being lost. Throughout the interview he
must be conscious of his own needs, but avoid the trap of
too much personal involvement by verbal or non-verbal
gestures which might 1lead the interviewee in the way he
wants them to go.

Stenhouse (1978) draws a distinction between
interview-based case—-study and participant observation as
he perceives it 1n that, in the former, the interviewer 1is

seeking observations from the participants (usually by
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audio-recording} and 1in the latter the interviewvers
observations (ethnographic style} are recorded, perhaps
long-hand, although he may use interviews as an extension
Lo his evidence. In each case, the aim according to
Stenhouse is not “tellimg it as it is’, bubt rather °‘telling
it as it feels to be 1in 1it’ - a phenomenological
experience.

The role of the researcher 1s to come +to understand the
interpretation which participants put on their actions, in
addition to having his own interpretation. To some extent
this demands that the researcher assumes some of the
thinking of the participant without becoming totally
involved and 1losing obJjectivity - he resides somewhere
between the two. (Wilson cited in Stenhouse, 1978)

Stenhouse reveals his own preference for 1interview—-based
research on the grounds that it is less susceptible to
accusations of bias and distortion. (Stenhouse, 1980}

For all its imperfections participant observation 1is,
according to Delamont, a much more fruitful and revealing
process than any other, (Delamont,1975) 1including the
American tradition of interaction-analysis with its check

lists of categories. (Stubbs and Delamont, 1976)
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CHAPTER I1I

THE CONTEXT OF THE PRESENT STUDY



school exists to provide secondary education for one of
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it was established on
the 1lst Sepbember 1571 by the amalgamation of a County
Modern School (founded 1359) and a small Grammar School
{founded 1601}.

Since November 18978 the school has been a single-site 11-18

mixed comprehensive school. Previcus to that it occcupled

the sites of the two schools which were situated some 13

miles apart. Provision, until September 1983, was on a
four-form entry catering for a maximum of 120 pupils in;

each year group, but since that date falling rolls have
reduced the intake forecing the school to adopt a three-form
pattern of entry.

Most of +the pupils 1live 1n small villages or isolatbed

hamlets in the hills where many of their parents run small

M

hill farms. At busy times of the year such as lapbing or
haytime, pupils are often required by their parents toc stay

away from school to help with the work. This can be

o

source of
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tension between the school and the home and
applies almost egqually to boys and girls.

Theres are no major 1industries in the area so that
employment cubtside agriculbure is usually found 1in small
businesses, such as shops, garages, small builders, banks,

seclicitors offices, estate agents, cafes and restaurants.

There are two cheese-making dairies and some development of
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light industry is taking place.

Tourism is a growing feature of the ecocnomy of the area and

e
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many pecople have extended theilr homes to provide bed-—-and

breakfast sccomodation, but young ps=ople, in common  with
those in other similar beauty spots, face a difficult task
in finding reasonably priced housing when they want to get
married As o

a ed. 'S 2 conseguence many have had o move out of the

area as more and more cottagss E
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re turned into holiday

b
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homes by people from large local conurbations.
The enormcous sigze of the school catchment area means that
most puplls are transported to school. A significant number

cf

pupils need +to take a taxi from their homes before
making a connection with a schocl ceoach and obthers travel
on public-service buses. The bulk of the pupils arrive at
school between §.45 a.m. and 9.00 a.m. for a 9.10 a.m.
start and leave again at 3.45 p.m.

The wmajority of pupils have lunch in school though these
numbers have fallen sharply following the industrial action
by +teachers, many pupils finding that they prefer to eat
down in the hown.

The ’bus ing’ problem pl
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The Report of the inspection of the school by
H.M. Inspectors in October 1983 states:

>The school 1s attractively sited on th
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ses comprise a 2723 storey bullding (1958} with

pad s

malin B

craft block and workshop together with a +two storey

b -/ 1 7 - = s I g ) -~ - S P -~ — S~
bloeck{1978;}, providing additional laboratories, a remedial
3 o~ -~ 1 ~n —~ T s P P 1~ S +1 2l

base and Senera. classrooms. LIS arsa 8aLITN crrice

cccuplies a wing of the main bulilding and there is a small
open air swimming pool on the site. The hard playing areas

and field are of generous size, and include a school farm

The buildings are generally well-cared for, but the
architecture does not lend 1itself +to a warm welcoming
atmosphere ag 1t tends to be mostly long featureless
corridors without the benefit of suitable display areas.
However, with the aid of mobille display units ifferent
departments have attempted to enhance the appearance of the

rather bleak entrance to the main building.

(21

Proiected figures released by the LEA in May 1981 reveal

the downward trend in entry , indeed it appears that they
might be rather too optimistic since they do not reveal the

numbers of pupills whose parents choose to send them

elsewhere.
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1582 1883 1084 1985 1586 1987 18988 1938 1¢90
January Intake
{Previous
Septomber? 18¢ 1i¢C 9¢ I 85 30 £5 50 50
Tobtal Main
Schoel 53¢ 540 51¢ S00 480 480 410 385 365
Total Sixth 45 45 54 45 45 45 45 40 35

Total on Roll 57 585 5860 545 525 505 455 425 400

(&

On entry to the school pupils are placed in one of four
Houses, largely to serve as the basis for competitive
sports.

Form tutors are allocated and usually follow the same group
e

for +two vears when there is a change of tutor for the next

three years. Each yeargrocup has a member of staff

podo

designated Bead of Year who is responsible for pastoral and
academic progress. ?
A programme of Social and Personal Education operates

throughout the school, the time between the start of school

and first lesson {approximately 25 minutes} being used for
this purpose. Since September 1984 the fourth and fifth

vears have also had a Soclal Bducation preogramme as part of
the compulsory curriculum. This change effectively reduced
the number of subjects which could be taken to examination

level from nine to eight. The whole of the Social Education
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programme 1s directed by  the Dernuty Head {Pastoral} in
conjunction with the five Heads of Year who each lead a
team of form tutors.

The school prospectus states: *Pupils enbtering the school
aged 11-12 follow for Years 1 and 2, & copmon course
providing a balanced general education. The subjscts
studied are Mathemabics, English, Humanities, French,
Science, Religious Education and Physical Education,
Art/Practical subjects. Speclal remedial education is

provided for some pupils by withdrawal from regular

The only wmajor changes in the 3rd Ysar curriculum are the
introduction of specialist History and Geography to replace
Bumanities and the intreduction of Spanish as a sscond
foreign language for the more—abie pupils: this is at the
expense of one art/practical opbtion and one period of
either P.E. or Music-

Teaching in the First Year is 1in mixed-abiliity groups, but
by the Second Year pupils are sometimes being grouped by
abllity in subject sets.

In the Third Year there 1is a mixed system with some
subjects setting by ability, but others work on a banding

th the advent of falling rolls this 1is

.

systen, however ¥
becoming less easy to organise with three teaching groups.
Fourth Year curriculum gives a certain degrese of choice
though there is generally firm guidance for the more-able

purils. Everyone takes Mathematics, English, Science ({8
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, FP.E. and Games, Religiocus Tducation and Soccial
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Education. In addition everyone is expecbed to take one of
History, Geography or Religicus Education, one Art/Practical
subject with tTwo obther optional subjects filling the

remainder of the t©

'»-J-

me which includes French and Spanish. A
similar pattern exists for the Fifth Year.
The school has a small Sixth Form. A number of pupils

return sach year for a one-yesar ccourse following a packade

of six courses which lead usually to CER examinations. The
subjects in the package are: English, Mathematices,
Economics, Science, Gecgraphy and Art/Prachbical. Reasons

for reburning for one year in the sixth are usus
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the individual wishes to improve exam qualifications or
because there 1is a feeling that the extra year at school
will bring greater confidence, mabturity and self-awareness.
Traditional sixth form students are offered a range of A
level courses: Art and Ceramics, Mathematics, English,
French, Spanish, Physics, Chemisbtry, Biology, History,
Geography and Fashion and Fabries. In addition other
subjects may be provided if there is a demand. It is not

unusual for A level groups to consist of single students

4

particulariy in Physics, Chenmistr

=

 and Modern languages,

but the Headmaster maintains that ©th

nce

i

s reasonsble s
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the lcoeal authority made a commitment to sixth form studies
when the school was re—organised and therefore ought to
give preferential staffing. In practice the sixth form is

quite heavily subsidised by staffing from main school
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provision.

The section of the prospectus on public examinations policy

sit the GCE or 16+ examinations provided by the Joint
Matriculation Board or 16+ consortium in those subjects. 4
very small number of pupils in the Fifth Year (including of
course those who leave at Easter) will not s3it any public
examinations at all, by agresment between parents, the
pupils and the schocl’.
The remaining pupils take a mixbure of O level, 16+ and (CER
waminations. HMI xpressed soEe concern tha the
examination demands made on the less—academic might bs * too
great.
Homework is regarded as a formal requirement by the school,
with wvounger pupils receiving two subjects a day and a
subsequent increase over the following years. A system of
homework diaries is used to check how much homeweork is
being done by puplls since parents are éxpected to sign
when each piece of work has been completed. The system is

open to abuse since parents tend to sign in blocks of tim

W

without checking. Tubtocrs are expected to spot  this

L
pde
m

urin
their regular diary checks reporting any problems to the
Deputy Head (Curriculum)} and this includes reporting those
subject areas which do not regularly set homeworks.

The school has a policy of uniform for all pupils below the

it 1s worn with some minor

B

Sixth form and by and larg
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variations in shade of colour. T

*

e exception to the

clothing rule is oubdoor wear where “anything goes’® seenms

a pride in their own aprearance and gives them a feeling of
identity with the school. It alsc prevents any feeling of
inequality between children’.

M ~ 7 [ -, 3 . ~ -2 ~— - o ~ e e -~ ®
The schocl olaims to have need of only a few hasi iles

&

for conduct and discipline which are presenbted to the

the Schogl r©mrospectus. The rules fall under thres broad
headings: Attendancse, lothing and<BEgquipment, and Conduct
and Discipline. Punishments may include lunchtime

detention, written work or loss of privilege {(though +these
arg not specified) at the discfetion of a member of staff.
Ose of the cane is restricted to the Headmaster though that
does not include the caning of girls. Sending puplls home
and expulsions are the most severe punishments used by the
school and during the period"df_observation three boys were
sent home, cne of whom was subsequently expelled <following
a meeting of a sub-committee of the Governing Body. TFew

- -~

nther exaspples of serious breaches of rules are recorded.

11 Slimem? sce T35 e o~ —— 13 H byon | .
PRl CLHG0:T aSSenmoilies are held i thes hall (183 threse

I3

mornings each week, singing does not feature and pupills are
generally passive except on the few ocecasions when ther
pupils are involved.

ORGANISATION
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or managenent team comprises, the Headmaster,
Deputy Head {Curriculum}, Deputy Head (Pastoral} and the

Senior Master who is responsible for the dav to da

have regular meebings a
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with other ’ad hoec’ meetlings taking place during the week

Bumanities and Art/Practical areas exercise almost complete
autonomy. HMI commented that thers was an obvious need for
a clear policy for staff developmsnt vwhen promotbions and
new Jjob opportunities were diminishing.

There ares heads of six major departments, Mathematics,
English, Modern Languages, Humanities, Secience and
Art/Practical. Pelow these in the hierarchical sitructure
come the heads of individual subjects: Music, CDT, History,

Lower Schocl Bumanities, Domestic Science and Special

Needs.
Departments have been given a high degree of
self-determination by the Hezdmaster so that by and larzs

they function as independsnt units and someblimes appear ©

Q

guard their territory rather Jjealocusly in terms of
staffing, roows, resources {(including capitation) and time.

As a conseguence there is little obvious inter-departmental

co—operation in terms of curricular aims and cobjectives; so
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that a significant degres of overlap and duplication occurs

» -
which was nobed by HMI in +thelr report. Heads of
PDepartments strongly defend their individual power bases as

witnessed during observaticons wnen there were discussico

ns
ns

about the need for staffing reductions as a consequence of

syvetem, 1ndeed there is only one course in the fourth and

th wvears which 1is non-examination and tha
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Physical Science. Few activities and events oceccur oubsids
the normal subject teachingZ patiterm which usually takes the
form of one teacher working in a ’closed’ classroom.

The pastoral system which has developaed in a rather
haphazard fashion over recent years 15 largely separate
from the academic structure because it has grown out of the
enthusiasum of some of the younger members of staff and hsas
not included the senior Heads of Departments to any great

extent. Although most staff have some pastoral

ct

responsibilities, usually as form tutors, an uneasy peace
exists between the academic and the pastoral systems and
some members of staff are openly opposed +to the idea of
social education since it is seen to be outside‘the normai
teaching responsibilities.

The staffing of the school 1is Headmaster plus thirty
full-time and three part-time teachers. The age structure

of the staff is guilite high with about half being over forty
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years of age. Several teachers taught at the two schools
before re-organisation, indesed the Head of Science began
teaching in the Modern School in 1959. About half of the
staff have besen in the school sinoe re-organissbion wmaking

it very stable in terms of staff turnover.

Commenting on the structure of staff consultation an

Cne element is a steering commlittee, composed of senior
staff and & member of sach department, which meets weskly
and sends topics for discussion to a full staff wmeeting
(held monthly) or a fortnigshtly heads of departments
meeting or a meeting of heads< of years also held
fortnightly’.

The overall aim of the school is stated as being:

*To provide a balanced and consistent educational
environment within which, as part of a happy working
comzunity, +the young people of (the Dale} become prepared
for a purposeful and fulfilled adulit iife in the 20th/21st
century western society they are to enter and in which the
adult members feel +that they are making a worthwhile
contribution. In preparing pupils for adult life it is
receognised that there is & need to inculcate awarsness of
other pecprles and cultures and cur interdependsnce within
them’.

The detailed pastoral aims (See Appendix A} reveal a
concern for the development of the individual within a

caring community emphasising the need tc develop personal
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gualities, including self-respect which will enable each
person to take his/her place 1in the wider community by

being able to establish appropriate relaticnships,

function as an aubtonomous, self-assured and decisive
persocn, capable of assessing people and situations, able o
compunicate easily in a wvariety of ways and with a
life-long intersst in lsarning.

The problem with this 1list, as with other such lists of

achieving the cobjectives. Different teachers will engage in
different activities in the their attempts to achieve the
same things, but the problem lies in evaluating what has
been done.

The list does present a picture of what ends are considered
to be worthwhile by the school and as such they
represent the value Jjudgements of a particular group of

teachers about +the desirable outcomes of a secondary

education. 1t would be npecessary o investigate the
abjectives and activities of the different subject

departments +to understand how the actions being taken wers
designed to meet these aims.
’Aims are abstracted from the concrete situation; they do

not prinpoint any particular objectives; they simply point
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t0 certain criteria whereby any chosen objechtives should be

evaluated.”> {(PRING, 13872,87)
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CHAPTER III

THE SCIENCE DEPARTMENT



of five male Lesachers and 1t
receives some part-time help from the female Deputy Head
and the Head of Girls’® Physical Education.

The staff has been very stable over the last fourteen vears

with the only changes occurring in the teacher of Physics,

-n

the last change being in 1880.

1=

The specialist +Heachling commitment of the varic
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of the department are as follows:

Head of Devartment-Biclogy, SCISP¥<and the New Nuffield

Combined Science Project.

Chemist —Chemistry, SCISP and Fuffield Combined
Science. |

Ph¥sicist —-Phy¥sics, General Science, Applied Physical

Science and New Nuffield Combined Science.

Biologist —Biology, SCISP and Nuffield Combined
Science.
Agriculturalist -Asriculture, SCISP, General Science and

Deputy Head ~Human Biology, Genserai Science and Nuffield
Combinsed Sciencs.

a

Head of Giris*PE —Human Bilology.

¥ Schools Council Integrated Science Project.
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)
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There is a bias towards binlogical sciences
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0f +the members of the department and HMI
owing comment in their report:

buth members of the department are involved in
teaching science across the main subjects and are able to
do so with few difficultiss and with commitment and
enthusiasum’.
Staffing of the department is complebted by two female
technicians who are alsco long-serving mewmbers of staff.
The programme of courses in the academic year 1984/85 was:

FIRST YEAR

SECCND YEAR

THIRD YEAR

FOURTH YEAI

ONE-YEAR SIXTH-Envi

SIXTH FORM

—New Nuffield

pedt

Combined Science (Trial}

—MNuffield Combined Scilence - Modified original

~-FFoundation year of SCISP - Buildinzg Blocks

~SCISP or General Science {Bas=d on Nuffield

Secondary Science} plus one of three options:

Agriculture, Human Biology and Applied Physical

Science (non-exan)

-&s for Fourth Year

onmental Science

H

—-Biology, Physics and Chemisbry
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Associated Examining Board - © level SCISP & and B
YHREEB CSE - Integrated Science A& and B
Mode 3

Joint Mabricula

o
e
4

ion PBoard - Environment

+
Joint Matriculation Board
t

h
JS Sard H-pN 8

LABCRATORIE
MAIN BUILDING: 2 general junior laboratories { one is

the base for Agriculture)
DALTON BUOILDING: 2 specialist laborateories, 2 of which wers
specifically designed for the SCISP course
OTHER BUILDINGS: Large greenhouse

Large farm bullding
The +teaching compitment of the dsepartment members changes
from year toc year, btut this year because of the
introduction of the Hew Huffieid Comblned Science course,
the Head of Department and the teacher of physics have

taken responsibility for all first year scisnce. There are

52
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three mixed-ability groups and +the Head of Department
teaches two of them.
The second year has four mixed-ability teaching groups

wh

fol
o}

taught by three tesachers including the Deputy Hea
a

iso has four groups,

but these are broadly banded to fgive two roughly parallel

3

*top’ sets and two *lower’ sets. The teaching is covered by

b
s

two members of +the department who have shared th

=
=

e

foundation wyear for SCISP for many years — on2 is the
biclogist and the other the teacher responsible for
agriculture. g

The SCISP course in the fourth.and fifth vears has been

taught by the Head of Department and the chemist since

3
L

pede

was introduced. The policy of the department is to make the
two integrated science sets as large as possible to give as
many pupils as possible the benefits of this type of work.
There is very little choice given +to pupils about this
course bhecause they are selected for it towards the end of
the third year and very few ever challenge the decision by
asking to take one of the other courses; the recommendation
made tc parents seems to be taken by them as final.

For the most part the science himetable operates on  double

reriocds of 70 minutes {4 pericds in the morning divided by
a break and four pericds without a break in the afternoon}

which assists with organising practical lessons duriling the
morning, but the afterncon presents the technicians with

problems on occasion.
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Teaching in the department is organised according to weekly
’schedules’ which are prepared for the different courses by
different members of staff and comprise a broad outline of
the work for each lesson with details of experiments
apparatus, films %o be shown and details of homeswork. Tha
technicians have copies of these schedules and they use
these 1n conjunction with their own card-index system to

prepare for each lesson. If wmembers o
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department and one wh

the individual teacher, but staff felt +that within the

Hl

framework there was opportunity for individual presentation
and a degree of flexibility aboﬁt the pace of work, though
in practice teachers did not appear t+Toc do this
unilaterally. On several oceasions during the periocd of
observaticn the schedule of work was telescoped and
compressed to fit into a single session in order to make up
for time lost through bad weather or industrial action by
teachers.

Practical work is usually organised so that pupils work in
small groups of twoe, three or four which requires a great
deal of preparation and organisation on the part of the
technicians to set—up the labs before each leson. Pupils
are trained from the start of the first year to be

efficient in handling equippent and assisting the
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technicians in clearing away, otherwise the task would be
impossible in the time available.

The Hzad of Department sees his role as allowing the
departmental staff a good deal of influence gver

declision—-making though he did point out that i1if a decision

ad to be made gquickly he would make it himself and justify

it later.
The system of consultation sesmed o work because the staff

spoke very supportively of the Bead of Department and were
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enthusiastic about the fortnightly
organised. These meetings were nobable, it was claimed, for
not being overburdened by procedural niceties such as the
reading of minutes because it was felt that decisions which
wer taken were sufficiently well-communicated +to the
department. There was alwavs a tight agenda which would be
discussed in an efficient, but thorough fashion with
everyone having the chance te air their views. It scemsd
that in this respect, the department was close to achievirg

one of 1i1ts aims: to work together in
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integrated and consistent fashion.

There was ample evidence of mutual support particularly

0

a team this feature of thelr relstionships was still highly

Assessment is given high priority by the department:

regular tests are conducted with all pupils, detailed notes
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of individual progress ere maintained by each teacher and

there is frequsent formal and informal exchangs of
information betwesen teachers. A new systam of profile
reporting iz being daveloped to wmeet  the assessment

requirements of the new combined scisnce course.

Discipiine and safety 1in the laboratories are given very

high priority. The wmaljority of pupiis appsar to have
accepted the ocode of behavicur laid down for them, but

there was one aspsct of safsty which was flasrently
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are expected to stand by their benches until the teacher
greets them and allows them to be seated. This measure of
control is bBhought Lo create an‘atmosphvre in which lessons
can begin, though it did not appear to operate universally.
There is a detailed marking policy laid down following
departmental discussion which stresses that measurement
should assess the individual against his own standards,

encourazse initiative, conscientiousness and

1]

elf-discipline. #Hritten work is assessed according to

content and presentation rather than grammar and srpelling

conclusicns which result from laboratory investigations.
There was some evidenece that this policy was not working in
the way it was stated since many exercise books contalned

incomplete descriptions of experimental work and few had



the sort gf comments which might have been expectad o

bty

setting of homework since so much teacher energy and ]

It is accepted that the examination grouns reguire
homework, if for noc other reason than it is a valuable

It is difficult ©to imagine the department being able to

two lab technicians who have to work extremely hard to
service the department’s needs.« They have both become
highly trained and knowledgeable over the wyears and they
not only organise and set-out equipment for practical work,
but they alsc 1include the foilowing in their list of
responsibilities: make and develop small pieces of
eqipment, repailr and malntain eguipment, control and

ordering of stock, order and sSet-up films, check and
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e laboratories, ty¥ype and duplicate hand-outs and test

farm secretarial
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and accounting work.

be seen against the perspective of the high departmental

involvement in practical non-didactic +teaching and its
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compitment to innovatory ideas in sclence educati

rather surprising that the technicians manage +to find
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’spare’ btime in which to help other arsas of the school,
but attempts +to make further demands are being firmly
resisted.

The watchwords of the devartment appear to be: efficisency,
organisaticon and discipline.

[a)

The development of the department since 18971 helps towards

o

an understanding of the context of this study and & br
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historical review appears in Appendizx H.
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CHAPTER 1V

FIRST YEAR SCIENCE



FIRST YEAR SCIENCE
A - THE NEW NUFFIELD COMBINED SCIENCE PROJECT

Since the school was recorganised, pupils in the first and

second Years have followed the Nuffield Combined Science

course being taught in wixed-ability €groups, but in

September 18984 the school became a trial school for the new

course which 1s a product of the Nuffield-Chelsea

Curriculum Trust.

Whether this involvement was due to dissatisfaction with

the existing course or whether it was something which the

Head of Department had decided .for the department was a

guestion raised 1n conversation with two members of the

department:

BET. ¥hat about policy. If yoﬁ take the new Nuffield
Combined Science, becoming a trial school as an
example. Was that discussed as a department or was
that a decision that John decided to take?

M. No, he brought it to us.

D. He brought it to us. We were already looking at
the combined science and saying, "We’re going to
have to do something”.

M. We knew that first and second year work had to be
re-structured.

D. Yes.

M. I mean we’d been sort of, planning it for a while,

we were going to write our own course.
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BET.

Based upon...Why?...Could we Just digress

about why you thought that it needed to be updated.

I don’t... It’s Jjust..There were so many bits

to it that we’d faller out with over the years...

It didn’t flow like it used to do...

No.

.. .the Nuffield course...Originally the

Nuffield Combined Science was good, then we modified
it ourselves over the years. Then we got this new
modification, this big input from...I think it’s
just called Combined Science, but it wasn’t Nuffield,
it was a re-write. That was about five or six years
ago, and really the attraction of that was it was
published in a book, two books, and we were - at

the time we had two non—écientists teaching first
and second year and it was a real help to them to
have, to be able to go to the books rather than
experiments...And all the time, right from the
beginning, I can remember, we’ve all muttered haven’t
we?

Mm!

From simple thingds like mis-spelt words right up

to big things like misconceptions, and we’ve said all
along that we’ll wear these out and then re-write it
ourselves because we can do a better job than that
...I think we’d got to the polint about a year ago,

John saying, "HWe’ve got to make a decision about
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starting this new course”, and suddenly, out of

the blue, this Nuffield re-write came up and did

we want to go.

He was willing to take on the discussion bit,
travelling to London and all that, and we said,
"Yes, certainly,anything”, because when 1 came here
SCISP was at that stage. We were a trial school

for SCISP and never loocked back, so there was no

doubt in my mind that it was worth a g0, even if

it was only from the polnt of view of getting material

for nothing.

D. Yes, and a chance to feed back-in your ideas.

M. Yes. In other words a chance to influence the course.

From these comments it may be seen that the department is
continuously evaluating what it is doing by means of
regular curriculum meetings, making changes and adjustments
as they seem appropriate. These changes occur in all
courses, but particularly 1n ©SCISP and Combined Science
where the department has used materials from both the
trials versions and the final versions of the courses
because some parts suited thelr approach rather better than
others. Similarly the department has written and developed
sections which it 1is claimed suited their children and the
environment 1n which the school is situated - "We’ve got
the kids innate knowledge which we’ve got to use”.

Having undertaken the new Nuffield course so readily did

the department consider the change which would be required
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in their approacn to the teaching, or would the new scheme
be adapted tc fit the existing working framework?

Research conducted by Allscp and Ccllins (1982) revealed
that in the many schools which had adopted similar
curriculum packages for this age group, the teaching had
become stereotyped and packaged to fit in meatly 1into the
normal timetabled time, so that project work of a
problem-solving nature had been a casualty and most of the
other work was so organised that there was an answer
towards which pupils were inevitably guided.

Certainly on the basis of observations the work appeared to
be being organised on very similar lines to work in other
yYear groups.

The guide for the course explains that so far as pupils are
concerned there are four major parts to their learning:
Reading

Discussions

Activities

Preparation of a boock

Each of these categories will be related to the
observations of the researcher.

1. READING

Reading is dealt with more fully in Chapter VI, but it is
worth making the peoint here that the teachers had made a
decision that the readers would only be used sparingly, but
even then, as the field notes reveal, the pupils found

great difficulty in coping with the set reading tasks:
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& lesson on Invisiole Inks.

The teacher read the instructioms from the booklet,
amplifying points as he went along. At one point he stopped
to show the group a tripod which he thought would be new to
them, but the group pointed cut that they had used cne in
his absence.

Most of the group fullowed the instructions in the boocklet,
but several spent the time looking around the room.

A lesson entitled, "Scientists can be wishful thinkers too".
The class had been asked to write a story linking what
scientists do with the account about the scientific study
of Mars in the Focus reader: ~«

’When the class was asked whether they were sure about what
they had to do, they certainly didn’t loock confident and
eventually one boy said that he wasn’t. When the teacher
enquired about which part was unclear, the boy replied,
"The start”. The teacher asked whether he meant the
beginning, which the boy confirmed -~ it was suggested that
perhaps if he read thé passage it might become clearer.
Many of the group.seemed hesitant, reluctant or unable to
make a start and the teacher, perhaps mistaking their mood,
pointed out to them that science is much more than Just
doing things, and that was why they had not had equipment
out that week.

BOY Do you have to.....

T. Read it first.

{Then the teacher went off to talk to a Research student



from York who was also observing the group. )}

The group got down to reading the Focus booklet gquietly.

Alice asked a question about the bogcgklet which was not

overheard, but shortly afterwards the teacher asked whether

anyone was having difficulty reading.

T. Be honest (Mo response).

As the class completed the reading there was some guiet

muttering. Joanne and Angela looked quite lost and even

frightened, not seeming to know what to do,others had
expressions of boredom on their faces and there was
increased fiddling with earrings among the girils.

A conversation with Craig: ~.

BET. Do you understand what you are doing?

CRAIG. I think so.

BET. What is it about?

CRAIG About Mars and a scientist who looked through a
telescope, and he saw some lines that he thought
were canals.

BET. Why did he think they were canals?

CRAIG. Don’t krow.

BET. How did he know they were not rivers?

CRAIG. Rivers are bigger

BET. Are they?

CRAIG. I think so.

Later in the lesson the notes continued:

Angela and Joanne confessed to Dbeing confused. They

admitted to not being able to read the booklet, but were
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reluctant to admit this publicly. Asked whether they
thought anyone could understand the work they suggested
that the "brainy ones” would. On pressing a little further
the “brainy ones” were ldentified as, those who get “"goods”
on their books.

A further note towards the end of the lesson:

Checking the work of the group failed to reveal anyocne who
had 1linked their work with the text in the Focus booklet -
most had simply written about Mars and its canals,
something which was merely used to illustrate a point about
how scientists work. (The teacher would not allow the books
to be taken home so that work could be completed, in fact
there was no obligation for pupils to do so.)

2. DISCUSSICH

Pupils were constantly being urged to talk about their work
whether they were gathered round the front or working on
practical activities at their own benches.

An extract from notes of a lesson on Senses:

Discussion was encouraged among the groups. It was
emphasised +that containers must be held in the palm of the
hand and not in the fingers as some had begun to do.
Discussion there certainly was and not a little
disagreement as views and opinions were exchanged, butb
gradually lists were formed as a consensus emerged - infact
the lists on the different tables were very similar.

The curricular aim of the teachers was to stimulate

discussion and debate about the wvalidity of using the
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senses 1in scientific inquiry in the hope that it would
reveal to the pupils the fallibility of this method and
would highlight the need for more accurate and
non-subjective methods in the search for truth. In practice
this distinction was not brought out during this lesson,

but may have been subsequently.

One boy holding two containers on the palms of his hands
with eyes closed said to his partner,” I reckon they’re
both the same™ - the partner swopped the conbtainers over
which brought a different response — " No. That’s a bit
heavier. "(Boy indicates his left hand.) "No. They’re both
the same.”

Later in the lesson:

>So the group collected their balances and began to weigh
the containers - the reaction to the results was quite
surprising and created disbelief - it rapidly becane
apparent that the reading for each container was the same
which caused several of the groups to approach the teacher
to tell him that the balances were either broken or stuck
cn cone reading. After pointing out that he did not think
there was anything wrong with the balances, the teacher
asked the class +to recheck their results. When identical
readings were produced the group began to realise that
their senses had been fooled.’

This particular lesson had been presented as exciting by

the Head of Department which it certainly was because of
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the way the pupils were allowed to explore their own senses
and were encouraged to share their experiences with others
— the teacher was treated as Jjust another perscn to share
the learning experience.

There was a marked contrast 1n other lessons when the
teacher assumed the role of the expert behind the
demonstration bench - then the talk +tended toc be a
monologue with the teacher having difficulty in getting
more than short answers +to his questions. The children
appeared to expect that they were there to listen and
watch: the large group situation seemed to inhibit their
natural enthusiasum. ~

This tendency was seen most clearly during a lesson about
the work of scientists which was a review of some of the
ideas the group had locked at over the first few weeks of
the course. This lesson highlighted the difficulties which
have been built into the course - not only was the expected
reading far too difficult, but the conceptual reasoning
which was expected o0of the pupils would have probably
daunted much older children.

The teacher faithfully followed the lesson outline prepared
by the project and attempted with enthusiasum to encourage
the pupils to think and to talk, but to no avail.

An extract from notes taken during the lesson perhaps
reveal something of the difficulty of this topic: ’The
teacher began by writing the heading, “Scientists observe”

on the blackboard and asked what scientists do with their
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observations.
The class was asked to quickly Jjot down some thoushts on
this topic,but loocking round the class many of the faces
had “lost"” expressions, those who were writing being the
exception. It was noticeable that those who were not able
to write anything were anxiously trying to see what someone
else had written seeking inspiration. The writers usually
guarded their "knowledge” by shielding their exercise books
with their arms.
Walking round the room, the teacher urged the class to
deeper thought, when nothing appeared to be coming out:
several heads were resting on hands almost in resignation.’
The entire lesson of almost seventy minutes was conducted
in similar manner +to the obvious distress of many of the
pupils. Considering the project is designed +to emphasise
skills and processes, this particular part of the course
seemed to be rather inappropriate and possibly
counter—-productive 1in terms of its de-motivating effect on
the children.
During a conversation this matter came up when the head of
department raised the issue of presenting courses at too
high a level when he referred to the new project (See also
Chapter VII Girls in Science)}:
T. This new course for the 11 to 13’s you can still see
that the way the group are presenting this course
that they’re presenting this course to show off

science at its best to a minority of about 20 per
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BET.

BET.

BET.

cent, and yet they’ve had all this experience of
combined science.

They’re after the elite.

Yes.

It’s sad isn’t it. And how do they react to those
sort of comments when you send them feedback or when
vou g0 to the meetings?

Well I mean, they swile and they still say, "Hell
you’ve got to strike a balance. You must look after
the people who are going to make progress in science’”
But the thing about this course, it’s about the very
things that everybody’s capable of doing - skills

and processes, but they’re still bringing in the
academic slant, the wording...I’11 give you the next
two copies of this next term’s work and you’ll see
what I mean. You’ve only to look through with the
experience you’ve got in evaluation and so on, you’ll
see wvhat I’m talking about and the amount of work
they expect them to do - the new ideas...

That struck me, the amount of work was phenomenal.
The new ideas. I1°ve Jjust had a word with (mathematics
teacher) about ’scatterdrams’ - it’s research. You
only do scattergrams for a purpose. You don’t learn
scattergrams as a matter of course - it’s an artefact

— but they can’t leave it alone. It’s very worrylng.

3. ACTIVITIES

Observation of the activities which first year groups were
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engaged in revealed a wide range of skills and processes,
from 1lighting of bunsen burners, using electric scales,
heating glass rod to form glass beads, discovering the mass
of an unknown object, testing a variety of senses,
investigating the properties of varicus chemicals for use
as invislible inks and a wide range of measuring and
recording skills.

The enthusiasum with which pupils worked showed +that they
were enjoying what they were doing and their ability to
record data 1n an orderly and coherent way showed a
thoughtful and careful scientific approach +to their
studies. Note-taking during lessons was not a prominent
feature of the work, most pupils seemed to rely upcn their
memories when it came to writing-up.

During the second half of one lesson on invisible inks, the
field-notes reveal something of the way the pupils tackled
what could have been fairly hazardous work involving the
use of ammonia:

’The group, showing all the signs of horses waiting for the
"off” exitedly returned to their places to get started.
Initially there was some confusion about which message was
to be placed inside the box and .Jonathon was not sure what
to write with until the teacher teld him that the brush
might be best. The group seemed to be conscious of the need
for careful handling of equipment and the need to cork the
ammonia test tube after use. There were no accidents or

evidence of mishandling of eguipment during the lesson.’
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The new project was ciearly encouraging good laboratory
practice and was developing skills and confidence very
rapidly in these first year pupils, though one wonders how
effective such a course would be i1f the teaching staff were
not supported by highly trained technical assistants who
could be given the responsibility for pre-testing the
practical activities and organising all the materials used
during the lesson.

4. PREPARATION OF A BCOK

It was noted that the work in the pupils exercise books
varied in the quality of presentation and some of it was so
brief that the teachers had neted that more detail was
required. The work in the exercise books did nmot seem, in
general, +to reflect the same enthusiasum as the practical
work. It is of course much less ‘exciting to write about
something than to be 1involved in practical work, but it
might be that lack of time available in lessons to complete
all of the work connected with a lesson meant that pupils
were doing this at home when the experience had begun to
fade and where the teacher was not available to help.

The lessons as a whole seemed to follow the same pattern as
science lessons for other years in that they were being
forced to fit the seventy minutes. Quite often this did not
work and pupils were unable +to complete their practical
work because they had to clear away. Discussion and
reflection on what had been achieved did not occur 1in any

of the lessons observed.
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This problen of shortage of +ime was particularly
noticeable during the lesson involving ‘massing’ vwhen
pupils were not able to confirm their calculations because
the materials they had been using were clearad away.

If pupils are toc be able +to reach conclusions and then
reflect upon what they have learned with thelr teachers and
their peers, they must have sufficient time. It seenms
likely that the benefits of this course will only come from
a re-—-appraisal and re-crganisation of the teaching
materials to allow teachers the time to assess the success
of thelir teaching through an evaluative process “~with the
pupils towards the end of each session.

The lessons were conducted in a friendly atmosphere with
the teacher acting as a facilitator in a child-centred
environment and obtaining anlenthusiastic response and a
high degree of commitment from the pupils.

’Friendliness, when successfully operated as a classroom
strategy by teachers, allowed a subtle mode of control
which shrouded +the institutional disparities of power
between staff and pupil and was particularly useful in the
context of the open classroom where the teachers sought to
minimise the appearance of authoritarian teaching styles’
{Pennscombe, 1980, 613}.

The first year science curriculum is integrated with none
of the +traditional boundaries associated with Bernstein’s
’collection’ type, but it has strong ’frame’ since the pace

and content of the work are firmly directed by the teacher.
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In the selection of content there are marked similarities
with the strong boundaries asscciated with the °collection’
type in that that there are no obvious moves Lo broaden the
subject outside the direct orbit of the science department
even though content may well goverlap with other subject
disciplines. So although the lessons are conducted in a
relaxed atmosphere with pupils being allowed a good deal of
personal freedom and responsibility it is still firmly

teacher—-controlled and directed.
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B~ A SURVEY OF ATTITUDES AND PERCEPTIONS
OF SCIENCE AMCNGST FIRST AND SECOND
YEAR PUPILS

This science survey {See Appendix E) was designed to try to
discover whether pupils at the lower end of the school had
any particular ideas about science and whether they had
sterectyped images of scisntists. Several writers (Kelly,
1981. Smail, 1984} have suggested that pupils may reach
secondary school with preconceived ideas about science and
scientists -and that these could be an important factor in
why girls 1in particular may not pursue science in large
numbers when they get higher up the school, because they
identify it as a masculine domain.

The first question on the survey asked for a brief written
description of a scientist and the results of evidence of
gender differentiation in their answers is given in Table
1.{(See following page.} Analysis of pupil responses was
concerned with obvious references to gender by the use of
nouns such as ’man’ or ‘’woman’, ’male’ or ’female’ or
pronouns such as *he’ or ’she’.

The figures 1in +the table seem to suggest that elther the
belief +that children arrive at sscondary school with
pre—-conceived 1ideas 1is not particularly strong in this
school or it wight be that the nature of the course 1is
encouraging children +to see that scientists may be of

elither sex.
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Table 1.DESCRIPTION OF SCIENTISTS SURVEY RESULTS

DESCRIPTICHN MALE FEMALE NEUTRAL/BOTH N/&
FIRST GIRLS 23.7 ¢ 73.7 2.6
YEAR BOYS 46.8 O 53.1 0

% OF TOTAL SURVEYED 34.

o

0o 64.3 i.4
TCTAL IN SURVEY 70 OF 76 IN YEAR GROUP

SECOND GIRLS 15.8 G 81.6 2.6
YEAR BOYS 25.0 0 75.¢C 0
% OF TOTAL SURVEYED 20.9 o 77.9 1.2

TOTAL IN SURVEY 86 OF 92 IN YEAR GROUP

First year boys are almost equally divided between those
who perceive scientists as being male and those who
describe them in a neutral way or as being of either sex.
The figures for girls show that almost three gquarters do
not regard the sex of a scientist as being an important
characteristic.

The figures for the second year show that almost 82 per
cent of girls describe scientists in ways which do not
indicate sex stereoctyping of scientists: the comparative
figure for hoys being 75 per cent in the survey. These
results only give a general indication of the way in which
young pecple perceive scientists and it is not possible to
say to what extent the teaching in +the department is
responsible. It may well be that there has been a gradual

change in the way society projects the role of women in
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science since the advent of equal opportunities
legislation. What the results do suggest is that it is
guite possible that if girls do not choose to take science
when they get further up the school it is nob due toc sex
sterectyping in the first twoe years.

Other aspects of the work of scientists contained in the
responses to this question reveal a wide variety of ideas
about the work of scientists amongst the pupils:

Po experiments to explain things

Talk about things

Help find things out

Observe scientific things -

Test chemicals

Do tests

How things work

Make discoveries

Make recordings of what they found out

To find cut different ways of doing things

Explores

Find out what animals die of

Invent

Tries to find out about the world we live 1n

Tries to make things safer

Cures diseases

Tries to prove things

In summary these seem +to form perhaps three ma jor

categories identified by pupils:
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investigation, experimentation and exXplanation, and the
whole of this seems to be concerned to help to improve the
guality of life.

The second guestion on the survey asked the pupils to name
as many scilentists as they could. Perhaps naturally, many
puplls in the first year wrote the names of thelr science
teachers, which was a reasonable response to the phrasing
of the question, but ignoring these answers the names most
frequently mentioned were: Newton, Galileo, Bell, Pasteur
and Lumiere; the only female scientist mentioned being
Marie Curie. It woculd have been very surprising if many
more female scientists had been mentioned since the whole
argument about female representation in science is based
upon the fact that so few have achieved prominence in a
male dominated occupation.

The two readers for the Nuffield Combined Science course
"Probe” and "Focus” do show a real attempt to associate
female scientists with advances im science through the use
of textual and photographic material which shows females
and males involved in a variety of scientific tasks and the
females 1in the photographs are clearly Jlabelled as
scientists. It is clear that the course team has made a
conscious effort to include topices which can show females
involved 1in research possibly due to the public concern
about the low numbers of able-girls opting for sclience
courses. Even so the materials chosen have a strong

masculine orientation: machines and instruments for
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reasuring abound, and there is little to indicate that there

might be a human side to science which might be more

1

attractive to girls.

14

In answering the second guestion asbout a third of first
vyear puplls penticned only male scientists, about 18 per
cent mentioned both male and female scientists, 31 per cent
named teachers only arnd 20 per cent did not answer.The last
two sets of figures may be disappointing to the teachers
since there is a gccd deal about the work of different
scientists during the first term of the course.

Second year pupils showed a different pattern of response
with 79 per cent naming male sciemtists, only one pupill
named a female scientist and almost 20 per cent named only
teachers.

Question 3 asked pupils to name a scientific topic on which
they would chose +to write given the choice. The answers
were many and varied, but by producing broad categories it
was possible to make a comparison between the responses of
girls and boys. The topics may, to some extent, reflect the
type of work which was being done at the time in the
department as this would be fresh in the pupils’ minds.
Perhars the most intersesting feature of Table 2 is that so

many girls have chosen to write aboub the skills and

et

processes of scilence, which are the focal point for the
teaching emphasis of the course. Equally interesting is the
fact that many of the boys chose biclogical topics in

preference to those on space and the universe, which do not
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feature as prominantly as they might have done a
years ago.
FIRST YEAR - GIRLS (38)
Experiments, discoveries, observation
Human Biology and bioclocgical topics
Chemistry
Scientists at work
Space and the Universe
No answer

Electricity

FIRST YEAR - BCYS (32}~
Engines and mechanical science
Human Biology and biological topics
Chemistry

Space and the universe

Bunsen burners

ther topics

No answer

42.
21.

i0.

21.
21.
21.
12.
2.
6.
6.

7
7
7.
2

o 0w 0w

N o B« T e

Lo

Table 2. PREFERED TOPICS FOR HWRITING IN SCIENCE - 15T YEAR

It must be remembered that these questions were asked after

only a few weeks of science teaching and the current

recent topic probably had some effect on the choices.
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SECOND YEAR - GIRLS (38) %

Human Biology and biological topics 34.2
Chemistry i8.4
Space and the universe 15.8
Electricity i3.2
Historiecal topics 7.9
Geclogy 5.3
Others/Nc answer 2.3

SECOND YEAR - BOYS (48)

Space and the universe 31.3
Chemistry 20.8
Human Biology and biological topics 16.7
Historical topics 12.5
Electricity 10. 4
Others/No answer 8.3

Table 3.PREFERED TOPICS FOR WRITING IN SCIENCE - 2ND YEAR
The results of the second year responses to the same
guestion are quite different 1n some respects perhaps

reflecting the nature of the change 1in course and the

L
"D
Hh
H,
W

rent approach and materials being used with the first
year. (See Table 3.)

The responses of the girls are possibly what one might
expect them to be with emphasis upon biclogical aspects of

science and the boys interest in space and the universe is

80



perhaps predictable, but the low interest in topics related
to electricity in boys of this age is perhaps a little
surprising, 1indeed they show less interest in it than the
girls.

The fimal guestionm on the survey was far more difficult to
interpret because pupils weres able to give open
unstructured responses which were difficult to assess in
terms of the pupils’ attitudes to science.

&nalysis of all the responses generated two lists, one of
positive words or statements and a similar list of negative
ones from which it was possible to establish a total score
of positive and negative statements for each year group.
Positive statements included: good, enjoy, fun, like it,
exciting and like experiments.

Negative statements included: boring, hard, useless, not
like, not understand, don’t like writing.

First year girls made 53 positive statements and 29
negative, but first year boys made only 36 positive
statements and 25 negative ones.

These results perhaps suggest that girls enjoy the new
Nuffield course rather more than the boys, but much more

research would be needed to confirm this hypothesis.
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The figures in the seccond year reveal that the girls made
42 vpositive statements and 51 negative, but in this case
the boys made 72 positive statements and 42 negative.

Since there were different numbers of pupils 1in each
category 1t was decided to take the number of positive and
negative statements and express them as percentages of the
total numper of statewents made by each sex. These
calculations revealed the following percentades of positive
statements.
FIRST YEAR GIRLS 64.6%
BOYS 59.0%
SECOND YEAR GIRLS 43.2%
BOYS 63.2%
These figures again seem to indicate a growing interest 1in
science among the girls of the first year - figures for the
boys 1in both years are more similar and perhaps do not
reflect any significant change in attitude towards science.
Although it is very early in the life of the new course it
may be that the results of the survey reveal that girls are
showing an 1increased interest and motivation because
emphasis is not being placed upon facts, but rather on the
skills and processes which form the accepted pattern of the

way scientists work.
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C- Mixed-ability Teaching in Science.
Mixed—-ability teaching in science clearly presents a
challenge, as 1t does 1in any subject area, but the
language, the conceptual difficulty and the demands upon
practical skills in the form of motor co—-ordination
possibly make such grouping especially problematical, as
this conversation sesms to confirm:

BET. Locking at mixed-ability, how do you or the

department try to deal with kids who are above-—-average

ability or..and those who have learning difficulties?

T. ®Bith difficulty really. Partly becatse of the group
size and time and so on. We try to get round and

help and push the rest - the more able - and help

the less able. I mean there are no separate worksheets

as such, which might be a good idea, but then you’ve
got to decide who’s going to get the special
worksheets and who’s going to get the top worksheets.
I try and set extra tasks for those who are getiting
further on, but I think the best way to do that
is to go round and tell them, otherwise the others
think, "What on earth?”. I don’t think you can do
it in a book as such because the others think, "Oh!
I’m missing that bit out” - but it’s difficult.
BET. They feel that they’re being deprived if they’re
not getting the same Jjobs to do.
T. Mm. The interesting bits. But the first year, they

often do it themselves.If you set them something,
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the brighter ones do it to a higher standard and
more detail so it takes them longer in some ways
and as long as they’re conscientiocus aboubt it -
it is easy for them to say, "Ch! I don’t need to
bother"”, because everyone slse tends to bring them
down a bit - a difficult prcblem.
Clearly such an approach to mixed-ability teaching demands
teachers who not only know their pupils very well in terms
of thelir 1intellectual abilities, but it also demands
tremendous stamina bto respond +to the multiplicity of
requests for help which might arise in the course of a
lesson. To accept such a method is™“to have made a decision
involving the weighing of advantages and disadvantages.
The Headmaster made the following comment about
mixed—-ability teaching:
Head. There is loss to the least—able, because if you

are to go at anything like a reasonable pace and

the child really has difficulty in taking in written

instructions, for example, then that child isn’t
getting what is ideally designed for them. I don’t
really see that it’s very easy with reasonably
large classes to get arocund the problem.
He also mentioned the possibility of differentiated
worksheets, but pointed ocut that this would at least double
the preparation work though he added that it might be done

over a period of years. He presented a second possible

solution:
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HEAD. The other side, the other way of btackling it is

the mixed group of children where each practical

group doing a particular experiment conbains children

of a range of abilities in which case, as we all
know, the strong help the weak, and to some extent,
as we are taught by research, the boys hog the
manipulation and the girls stand back and record.
{This last peoint did not appear to fit +this present
research in that in some situations the girls were not only
equal, but they sometimes dominated the work.
Another member of the department admitted that
mixed-ability teaching in the Iower school is very hard
work during the lesson, but it is possible providing the
teacher has the lesson well-prepared and is well-versed on
the theme of the lesson. He explained how he approached
such a lesson:
T. I start them all off at the same level, this is -
we’re talking about first and second years anyway
— therefore I suppose you could read into that, that
we start them off at the lower level, otherwise, if
you don’t start them off at a lower level the special
-needs-type—-child would be left right at the beginning
of the lesson.
So we set off fairly low level and get the thing
rolling, whatever it is, whatever the lesson involves.
More often than not thewy’1l1 all be doing, all the

groups in the room will be doing, the same practical



work and then your Jjob is to get round them - to get
round those nine or twelve, however many groups it
is - I cheat, I go to the gquick grouovs, the brightest
ones, a minute - two minutes with them...
"Right veou krnow what you’re doing, you know what’s
expected. I want it done in this way and I want you
to end up with that, that and that.And the idea is
to answer the guestion.”
And there might be two groups or three groups like
that. The middle groups, the middle-band-type
child, you need to spend a bit more time with and
vou end up — you might have gone to two or three of
these middle-type groups, dodging back to the top
groups — and you end up with these lower-type kids
which usually gravitate together. Three on a
bench, I mean, if you’ve got three really low-ability
kids together you can spend a bit of time. Now
we’re talking about ten minutes of your time there,
ten minutes out of seventy.
This teacher’s solution to his problems is similar to the
one given by Smith, who was faced with a group of boys who
were unable to retain verbal instructions or read written
instructions adequately.
’Each child really needs individual attention and the only
way that that can be done is by spending the.entire lesson
going round and round each working area’ {(Smith, 1983).

The method which these teachers have adopted by an
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intuitive process 1is described by Harlen(1977) as an
"iterative process” of gradually changing the learning
environment to meet individual pupil needs. This ’wmatching’
process takes the form of a loop in which data is gathersd
about the pupil, this 1is then used Lo inform decisicns
about the best teaching strategies to adopt to optimise the
learning environment and finally the pupil interacts with
this new environment. The whole process then begins again.
Harlen points out that this cycle occurs simultaneously for
all pupils in the group and therefore the wvarious loops may
not be cbviocus to the outside_observer. Indeed 1t may be
that to some extent they occur in"a teacher’s subconsciocus
until the teacher is asked to Justify them. It is then, a
continuous assessment and adJjustment process which is being
carried out for eaéh child i1n the group.

Each of the teachers interviewed was adopting a slightly
different épproach to devising and adapting activities in
the classroom to suit the individual characteristics of the
pupils. To do so however demands that the teacher has a
great deal of information about each pupil because
variations can have a significant effect on achievement.
{(Harlen, 1977) Indesd, using evidence provided by Brown
{ibid}, Harlen points out that ’very 1libttle of the
variation in attitudes to science of thirteen- year-old
pupils was accounted for by the chaacteristics of the
science course or class, whilst about half was aseribed to

characteristies of the pupils which were present when the
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pupils entered school’. {Harlen, 1977,112)

If this is indeed the case then 1t might confound the
hypothesis that the new Nuffield Combined Science course is
having an effect on girls’® attitudes to sciencs. It might
be that the attitudes and beliefs which these children held
about science and scientists were already present when they
entered the school. In order +to check this it would be
necessary to gquestion pupils before they leave the primary
schools. Any changes in attitude which do occur after the
purils joln the secondary school may of course be related
to gqulte separate variables within the school.

What does it mean to cater for individual variations®?
’Since each pupil is unique, it is unlikely that identical
sets of experiences are equally profitable to all, and thus
there will be differences, sometimes large, sometimes only
slight, between the activities of pupils. What this
individual catering does NOT mean, is that the pupils will
be working alone....In fact, nc assumptions are made about
class organization beyond the essential provision of
flexibility and opportunity for the teacher +to have
individual contact with each pupil; this could be within
the context of large or small group working, and does not
preclude occasional whols class discussions nor private
study’ (Harlen,1977,113).

Research into mixed-ability teaching {Frost, 1978,
Plewes, 1981) produced results which suggest that there may

well be sceial advantages, but at the same time the
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academic performance of all but the least-able is seriously
affected. Plewes also found that most pupils preferred to be
taught in sets bhecause there was a uniformity of work arnd
pace. Teachers also benefitted from setting or streaming as
the pressure of work was greatly reduced.

However, Sands (1973} reporting similar research is not in
total agreement with these findings. She does not accept
that mixed-ability teaching 1is very time-consuming and
demanding on teachers.She confirms the social advantages in
terms of friendship and working relationships, { teachers
accepted the political and social idealism implicit in this
method)}. The gains to pupils were reported in terms of the
advantage to late—developers, increased incentive +to work
and succeed in pupils, the enjoyment of self-pacing and the
growth of independénce in pupils. Sands did report that
often the teaching was based on the traditional whole-class
method ’ with little concession to mixed—ability.except to
pitch the lesson at the middle ability range of
children’. (Sands, 1975,617). Teachers had to move round from
group to group £iving individual instructions and there are
problems of stretching the more—able in these
circumstances.

It was clear from conversations with the staff in the
department that they believed +there were advantages and
disadvantages to mixed-ability +teaching: one teacher
explained what he saw as the advantages:

T. I think, first of all, with not trying to get
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information in really we’re getting skills and so on

which means that they’re learning in - often you get

less-mentally—able that are manipulatively able soc that

helps and you’d lose thabt. And often the less-able
come up with some good ideas when they
are talking verbally.

BET. Do you think that’s because of the more practical

approach to...

T. I think so and sometimes they’re freer to think because

they haven’t drasped anything so they come up with
thege cutlandish ideas which often have a goed idea
embedded in them if you can %inkle it ocut and I think
that helps the others see possibilities and see that

although they are different they are still worth

listening to. I think that’s important socially as well.

This particular attitude towards children with learning
difficulties seemed to accord well with the general aims of
the school, especially those which stressed the worth and
value of each individual. There was however some doubt
amongst the memberé of the department whether they were
able to realise the potential of the most—-able pupils using
these teaching methods.

’Approaches to teaching which are sensitive to differences
between individuals, aim to provide the conditions which
are most conducive to successful learning in all pupils. It
has been argued that, when these conditions prevail, then

not only are cognitive goals achieved more readily, but the
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experience of success and the atmosphere of mutual help
promote the development of positive
attitudes. ..’ {(Harlen, 1977, 129}

Inculcating puplls inbo the ways of working in science
depends upon a successful programme for developling a
variety of skills in basic scientific technigues,
developing awareness of the interaction of science and
society through technological development, developing
images of scilentists and the ways in which they work and
developing understanding of basic 1deas and patterns in
science. But to achieve this it 1is necessary for a
programme of language development which introduces pupills
to scientific voeabulary and helps them to mediate between
their everyday language and this specialist language since
they may not easily exist side-by-side.The next chapter
locks in some detail at the problems posed by scientific
language in schools and then analyses data cocllected in the

school from the point of view of language development.
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LANGUAGE AND SCIENCE



LARGUAGE AND SCIENCE

’The limits of my language means the limits of my world’

-
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A-INTRODUCTICHN
One of the major features of science teaching and learning
which emerged during observations and interviews was the

m of understanding.
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Pupils freguently commented that they did not understand

what +the teacher was talking about: they could not
understand the lonzg words used in science and they were not

always sure of the purpcse of «what they were deing.
Similarly teachers commented about pupils’ lack of
understanding and tended to blame inattention and poor
concentration span.

Reading did not feature in the work of the department

nearly as much as might have been expected "since many of

4

the textbooks were regarded as too difficult. An analysis
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of ence textbooks used

i

content and readzability of some sc
by the department is to be found in Chapber VI.
Tape transcripts are used to analyse the use of lansuage in

the classroom to discover how it was used to convey meaning
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t meaning.

Before +the detailed analysis of language in the deparitment
a review of some of the 1literature investigates the
difficulties which +the science teacher and the science

of the

]

student face in dealing with the languag
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laboratory.

B-REVIEW OF THE LITERATURE
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development and a home which 1is not rich in language
opportunities can lead +to children being ’linguistically

deprived’ {Bernstein,i370}.
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If the home provides many opportunities for +the child to
use and %to hear language then his language store should
develop. Listening to and being involved in conversations,
reading and being read to, creates the sort of language
environment which helps the child to acguire a wi&e range
of languasge skills.

There are homes in which education 1is noct wvalued and

languagde may be restr

fol
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suggests +that such an environment can present schools wi

widening the range of situsbtions in which langusgs - spoken
and written - will be important, and introducing the

student into those situations in which he will come readily
to appreciate the inadegquacy of his restricted

languag=. ’ {Flower, 1966, 56
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Language is one of the ways in which we represent the

world to ocurselves and through 1t we construct meaning:

*A11 our knowledge of the world, in commonsenss as well as
in scienbific thinking, involves constructs, i.e., & set of
abstractions, generalisations, formalisations,

organisation. ... This does not mean that, in daily life or

in science, we are unable to grasp the reality of ths
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world. It just means that we gra
of it, namely thoss which are relevant tc us carrying oo
our business of living or from the point of view of a boedy
of accepted rules of procedure 9or thinking called the
method of science.’ (Schutz, 1972, 10}

Whorf {(195€) suggests that the structure of a person’s
language largely determines how he views the world and the
construction which he places upon reality: his behaviour is
also affected by it Lo a considerable exten
It may be that, to a lesser extent, children and thelr
teachers are using very different languages and patterns of
thinking and therefore could be constructing very different

meanings from each other. A socially determined barrier may

be preventing adequsate communications. {Flower, 18886}

Cne of the major problems of academic diseceiplines is  the
terminology which 3is involved; this is particulariy the
case in the sciences where so many expressions have +o be
mastered. Indeed Evans (1974} suggests that secondary

schosl pupils who study science may mesehb as many new words

oL



as they would in learning a foreign language, but there 1is

the added problem created by the unfamiliarity of the

oF

context and the concsptual difficulty involwed.

These difficulties often result in the inability of peocple
in adul 1ife +to reeceive information aboubt scisence in an
intelligible form by whabever medium: Flood {1963

language of science is cold, plain and forthright. HNo
warmth of human emotion, no g€race of literary decoration,
no +touch of bumour, no shared euphemiswm, nc eloguence is

found in its cowmposition. It is, and 1t 1is 1likely +to

its own purpose; yet as science more thoroughly permeates
our daily lives, more and more men and women come to read
and write a language of the laboratory.’ (Savary, 1960}

t is this very precision,clarity and economy of words

-

which scome scientists believe gives strendth to scientific
language (Flower, 1866) and the Royal Socciety felt that with

good  teaching and common sense 1t should present no

difficulties in schoolis and colleges. {(Henn, 1966}
Bibbhy (1874} criticises the sort of languagse ussd in

science teaching and sScience reporting. He coriticises
scientific Jjournals for their use of ’obscure and otiose
gobbledygock, characterised by an apparently compulsive use

of the third person passive, and almost wuniversal phobia
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ulence’ . {(Bibby, 1874, 15}
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The problem of definitions of facts and concepts is dealt

o~ 3 e e - e 3 S P e R - e v ) A ey O
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whoss membhers arae SInSUuiariy 1E8nCTrany' (853 SCienes.

{Flood, 13863)
It has long been held that the ideal language for science

was one which was free from ambiguity; each of its symbols

having one referent and each refsrent represented 5By a
unigue symbol. Indeed for a time science almost achieved

this when it only used the c¢lassical languages, but

translation into modern Buropean languages created

ot
it
o]

problems: it is sti an ideal which sowe scientists
recommend. {(Newton, 1984}
The absence of thisz ideal language in the twentieth ceantury

has led to the difficulty that ’in physics, in biolegy, in

JE N g o, e — — et v - +- 3 3

that we are observing..... Often we have to resort To
[ - e &S < gy < - 1 - ) SN B~ - B 4~

metaphor or unsatisfactory analogy. The difficulty

physicisths have in describing the behavicur of certain
particles arises from the actual structurss of our
language. ’ {Flower, 1966, 60-61)

It is interesting to note that Flower appeared to scorn the
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use of metavhor and analogy yet he and other writers
recommend their extensive use in our attempits to create the
meaning attached to science concephs:
*Qur Languages. . . cannot tell us what sub-picroscopic
phenomencon such as an elsctron  is. It ecan only provide
analogies which enable us to describe certain
problems. > {Flower, 1966, 51}
Wellingbon {1883} believes that the Bullcck Report {1374)
which led +o a general focussing on language might well
have resulted in a greater emphasis upon “learning by
talking® in science. Bubt Mellington gces on Lo point outb
that though many scientific words may be relatively siwmple
to understand, because they refer to objects or entitiss,
and some concepbs such as “inertia’ may be understocod from
experience, there are large areas of scientific owledge
which are uncbservable and outside experience. The problem
here 1is to +©try to create a mental image by which to give
the concept meaning.Wellington suggests that teachers
should present new ideas to their pupils in the form of a
game designed to create meaning.
Hellington’s ’game’ with the msanings of scientific words
does not s=xbtend to Bhe pupils creating their own meanings
since this would eventually have to be rejeckted by the
sacher in favour of the accepted meaning, which would
probably sult in the whole exercise being regarded as a
waste of time or a confidence trick.

In creat

ing

98

meaning it should be remembered
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is public and thercfore Wellingbon urgses that nDesnings

should be ’interpersonal’, but not impersonal’ - he sssks

¢

shared or compon unders
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element CIIGa T children are led towards th
sharsd meaning.

t has besen argued that schools should teach pupils the

It is believed that this imperscnal style is related to the
level of conceptual thinking:

>The adolescent will form and use a concept quite correctly
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but will
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ind it strangely
difficult to express that concept in words and the verbal
definition will in most cases, be much narrower than might
have been expected from the way in which he used the

concept.’ (Vygotsky, 1862,79)

in relation to concept development:
1. a process of enrichment of concrete sxperisnce iz nesded

2. students must have reached the level of maturity

required for abstract thinking and concept handling
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3. student thinking on these lines must be accompanied by

complementary progress in  other wmodes of thinking or the

avoided since students do develop at uneven rates and may

be penalised unfairly.

>The world which the human mind knows and explores does nob
survive 1if it is empitisd of thought. And thought doss not
survive without symbolic concepts. The symbol and the
metaphor are as necessary to sSCclence as to
poetbtry. > (Bronowski, 1861)

So, in many respects words are inadegguate for the purpose of
science, but Evans{19874) highlights a further problem which
our language presents to the pupil in school. There are
many words which have exactly the same spelling, but which
have entirely different meanings when used in science,
indeed it may well be that within the different science

disciplines a word can take on different meanings. Evans

uses the word ’ether’ as an example of a word which has

p

hypothetical meaning +to physicists and ancther +Ho the

vy e L. S = — - Py g Y P Y oy ~ - vrd v
chemist. This 1is a common enocugh problem 1in sveryday
1 v e 3 [P Tyl Sy —~ P e IR =1 -
lansuage, but scientists are adding to children’s
I~ LS rs T d= 3 s vy . -~ b 5w = - o~ 1 —a By R 0 ]
SITIICULITIES o% USing exisoing technical CErEmS IO NeEw

¥

purposes, in effect giving bwo words.

>

Language is not clear and unambiguous because a variety of

meanings can be created through language which presents us

-

with the dilsmma of

pedn

trying +to achieve understanding.
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Language is essential “without it we could not explore that

For many children science language, either in a tsxtbook or
writbtaon onm a blackboard,mush, according to Hellinochton
{1983}, give rise to the scrt of confusion which Alice
wperienced when she first read ’Jabberwocky’ in Lewis
Carroll’s ’Throusgh the Looking Glass?’.

The number of scisntific words and their multiple meanings

present one problem, but Evans (1974} identifies a further

problem in that a word which has a prefix or suffix added
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knowledge of the root of the word will automatically
present a child with a2 clue to the meaning of the new term.
The idea +that words should be capable of being undersbocd

by means of the word elements from which they are

construct is, in Evans view, a pipedream which can only
be achieved to a limited extent. An additional complication
arises from compound expressions formed from btwo or moere
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words, and again thes
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from their separate meanings.
M¥hilst science has taken many everyday words and uscd them
for i1ts own purposes, so the mass media are accused by

Evans of taking technical terms such as’environment’ and

3
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lunar orbit’® and using them in such a way that they have
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have cccursd over the last decads and the acauenic aarge

easy access for the majority. Hhsther this .barrier wsas
created deliberately toc 1imit agcess to the mysteries of

fads
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It is very difficult for many pecple who are steepsed

academic +btradition and subject specialisation to mod

i
Hh

¥
their language use to suit an audience of lay people let

lone children and this might be seen as a eriticism of the

)

training of teachers in that emphasis is placed upon

academic excellence and pedagogical skills coften come a

0

sgmething of an afterthought.

>But I know not how it comes to pass that pro
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most arts and sciences are generally the worst gualifisd to
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explain their meaning to those who arse not of their
3 Y vy ~— — B -
tribe. ..’ Jonathon Swift, Letter to a Young Clergyman.

Language has a crucial role to play in the development of
‘learning in science as Robertson points ocut:

>The science teacher can share particular ways of seei

I3
on
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with his pupils. 1 use shars here, because I want toc =Zet

away from a single notion of the direct transmission of

T b} f w— . . = £ -

knowledge from teacher to pupil. For 1if we agree that
o~ 3 e~ -+ . S [ RSP S~ A —_ L &~ aum rean wiey W e —
COMInE-DOoO—KRoW in Ltanguases is the 1LS3usE, chen we must

{Robertson, 1977, 137}

This review of the literature leads us to an analysis of
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the ways in which language usage and languags development
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understanding in sclence. The next ssction considers

language and the development of urnderstanding in sciencs
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C-LANGUAGE AND UNDERSTANDING IN THE CLASSROOM
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The literature review points to a number of convenient

headings under which avidence collec
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the amount of new information which pupils are expected to
absarb.

2. Understanding and the pace and segquence of work -
examines the problems which arise from the order in which
topics are baught in the intégrated course.

. Languags and control - considers th
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n which
teacher lancusges wmay restrict and conbrol pupils’ use of

language.

103



Definitions of facts and concepts — a consideration of
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importance in developing that of his pupils, but Barnes

{1971} has 1illustrated the difficulties which children

encounter in lessons where the tsacher is btrying to teach a

b [P, o~ 1 ~1 - 3 Aammmnd 3~ Y
lesson on the mole concept in Appendix L.

Purils sometimes find the landuage which the teacher uses

Lo

difficult to understand because it is not pitched st
ir level of understanding: -
It’s hard to sort of...{the teacher}, sort of, explains the

things, you know he trises to explain...it’s the way, it’s
the language he sort of uses...we can’t...it’s not, sort

3

of, our levsel if you know what I mean. Ther sometines

m

[}

he just writes things on the blackboard quickly, you know,

and wvou’re expected to know what it is and you can’t, sort

of, work it outb.

>

Sometimes he, like he has us all round and he explalns ’summn:

and everyvbody says they don’t know what the heck you’re on
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Later in the same conversation:

B

He ...As soon as he starts talking your mind just wanders
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pupils were then asked whether this might be an automatic

S~ P o~ -~
1 par Liculsar

He’re not awarse at the time that the shutbters come down
vyou know. We’re noh...0h! Right we don’t understand this
so why Should we start working? You just...¥ou realise

that afterwards when you haven’t gct sort of
and things in your bock, you realise that you musbtn’t
have understocd it and, sort of, haven’t gone over 1it.

Do vyou ever go back to him on your own or durlng lessons

=

or whenever and ask him for more help?
Hell sometimes he comes round during lessons and says,
“Do you undersitand it?" and if you say no, he’ll explain

S - — ~w [P . -~ - T - - = —
it and Fou,sort of, you Just have encush time to remember

At the time yes, but when I sort of, look back at my

boock I don’t.
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BET. Does thab help, 1f you’re working at the same table
and you know that they understand? Are they in a posi
to explain to you what’s gouing on or don’h you hother
to ask?

B. Yes. Well they can...

A And also you can, sort of, follow their ideas, what’s
gone o,

RET. 8o you find that helpful to you?

BOTE. Ysh!

A. I never really thought about that, but it would b
2 gocd idczo. -«

BET. To have boys and girls together?

B. {First word lost}...they always know what they’re
doing 1n experiments, we don’t.

The bovs have a different perspective:

H. I thick that he tends to - he tends to, sort of, like
lcok to the, locok to the brainier people like {(Zoy’s
name}.You know he, sort of likese leaves us out a bit,
he tends to g2t them into, you know, he gets them. ..

M. Be doesn’t do it much, sxplasining to people on btheir
own really. He...¥Bhen we g0 round the front bench
he explains everything to us and bthen we 20 back

to do the work and he doesn’t rezlly come

explain everything to peocple individually
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. S0 the point you were making was that if he’s explainin
something or asking guestions be concaonbrates on people
like {Boy’s name}.

M. Yes, he concentrates on (Boy’s name).
M. He concentrates on pecple who will understand it easier.
N. Yes,waell I think {Boy’s nams) knows wost of his...most

PR S 5 Wiy AMmurm ey o I TR U S . - .
G TIE WOorgZ anyvway S0 I think that he hould concentra

2]

on us lot.
The problem expressed by these boys in grasping new

concents and searching far imderchanding demands that  +ho

taacher uses each individual’s experiencss and ideas
therefore:

>It is what puplls do folliowing up the presentation that
realises its wvalue and tbis iz best achieved by the

teacher’s interaction with +the individuasls and small
groups.’ {(D.E.S.,19750b, 1981}

Such intervention demands skil ful use of guestions by the
teacher if the develorment he brings about is +to be the

-— P PR o~ -~ ~ > - - = p— P
product of the punil’s own thinkinzg.

& T34+ 1 o+ 3 . - 3 Inmmr mam sl < 3 1

53 LiCLie La8Ter in THE CONYVErsa8vicn & O0¥ wmatGe a Simlisar
3 vyie I T . - FRE I

point o tThat made by the girls:

T > + s i Lmyimmdela crmo - - + -

s, ...last ¥year i i 1 GuUrca ozl 04 STEne & ict of

the front bench, you know, talking, talking, you Know

going through it and then he’d navbe leave, say 25
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A. And also that the lesson, sordt of, doesn®t relate,
you Enow like we have four lessons in s week don’t
we. ..

B. He do one thing....{interrupbting}

A. ...and some of thewm are just totally different, you

app=ars to be in the middls of a topic the teacher switches

t0 something else, which may or may nobt have been
introduced before. In either case it may be &2 number of

weeks before the group returns to the original topic.

Though the teacher may have a perfectly wvalid reascon for

-

the topic changes in the context of the integrated course,

the reasons doc not seser to be apparent or obvicus +to the

’.l '

b A ? <+ - 2 4 4 B i I 4 =~ T~ -~ o> —
It’s not very good, I don’t think. I deor’t like ths courss
- T3 T A P e 31 S » - L o e = - - - e R

at ail. I don’t like th wWay 1% SUETPS LICHm a3y (71 o] &

....Like one day it will do sves and then the next day it
#ill do magnets and then another day it will do sowmething

different, so you’ve got a whole jummbled-up bock. I dom’t
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™. He, sort of, do one experiment that’s separates then
b o — - £ 3 S Tm <y 4= —~ 2 Prp— —~
we do another ons, find ocuh thabt, we don’t, sort of,

b~ g s N W = oy - P
sort of g0 through the lesson and sort of develos

nJ

he patberns and concepbts. He, sort of, do separate

BET. 1 ses. Ya=.

i. ¥e could. . .scmetimes we could do four tohally different
topies in one week, vou know, thabt aren’t connected
in any way. -

N. Yes, if you connected them together, like if you ...one
day we’ll do somsthing about electricity, ¥ou know,
and all that and then we’ll do scmething that’s totally
different that’s to do with the body. If he’d conmmected
them all together you’d sort of like understanmd it
better, if they 211 formed-up in a group. You know
he always brought them into line starting with the
first things first then something and then when he
finished that 20 on to scomething to do with slechtricity.

L. Then you do a couple of days work on the body and
then you g0 back to glectricity and you’ve completely
forgotten it.

This conversaticn is also very difficult to feollow as it
jumps from what the boy believes is happening toc what he
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D-THE ROLES OF DISCUS3ION AND PUPIL TALK
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Do you think that’s why you don’t see that much
iscussion, because groups are Ltoo big?
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X 2. Now 10°s a ¥ tuiilr fr
a group discussion round their benches, because I°
up on the platforms —~ right cld-fashiconed stuff - g
them thelr instructions, tell them whers whatsver
they’re going to use is, go and do the sxperiment
and cowme Dack — that’s not guite the sams.

BET. Teacher conbrolled.

T. That’s right. It works and they, funnily encusgh, p
it. I feel that they’res being controllsd - kids do
like to be controlled occasionzaily and with a grou
of 27 that’s been the most effective way of gebtin
TLRITOUEn ©The Syiiapus. ~

{This may have rs=vealsd that ccntent is more important t

process in the final analysis. )

The Bullock report suggests an alternative approach
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involvin the wnranscriph f the class
far that one felt one was always answoring whnat they, the
nuplls, answvared, bhut there again that can he ussful
varticuliarly if some woxbers of e Girass are oot hoaring
and it keeps the argdumsnt going.
There 1s a sense s well in that & tramsceript loses a lot
of the reality of the situation, it’s a consegusnes  very
ociten of ithe punctuatlion: the need Tor going over things
again and again doesn really ring true, and egually, odd
sentences wmay noh even make seonse pecaune of the way that
they’ve been adjusted as they aposar on the scoript’
Extract frop the Sranscript gf Lhis converzation
T. ...there was a npoticeanle couomsnt that scme of the
guestions wers answered by one word) well somebimes
that can be deliberate to try and kesp the pace going.
BET. Yes.
T. Equally, scmetimes the teacher wi ansyer anyvay
argument, scxetimes becausse he may
to g€et himself

to maintain the
have chosen the wrong guestion and
or else to keep the pace. There’s always

if they come in and if

out of it,
might be that one can

the gquestion with a €roup,

they’re not as settled as they
it an inbtermilnable amount of tims. Somebimes 1f
t to do you can ©ry, rather like
Draking

there’s gquite a 1o
E -
[

there’s choice of either

a car in a skid -
hesavily or tryiog to steer yourself out of it
sufficient stimalus golng Lhal

sometimes one can get
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ding the riochk azt’.

{1975} and Straton {in Teuir,1£83%) akout researcher
presence having a profound effect. It was clear frcm this
comrent and this particular teachsr’s desirs to talk about
nrahlems within his olecercom that beoing cbooroved hod  Toon

guite soressful even thousn he had besn told that hs was

not being judged as a perscn, as any coxwents would  be

Within & schoel science department there are' ample
opportunities for developing pupils’® lanfusge through
’talk, eleaf, concisz writing, accurate. recording of
infermation, vccabulary exténsicn and readinz for both
information and pleasure.’A{DES,1978;191)‘
Talk is an important feature of the laboratories in the
school whether pupils are working on practical experiments
or working on a writiten assignment and departzental policy
was explained iﬁ the following way:
M. We try to encourage them to discuss amongst;.. in .
what yvou might call ETcup situations — “"the table”

- because they’ve got to get in the way of using each
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highlights some of these points and also gives a useful
example of the complexity of the language which pupils face
in science lessons: the theme is Mclar Mass.
Xuring this part of the lesson it was nobiceable that only
a small percentage of the class was directly involved in
the interaction with the teacher, of those who were, the
majority were able-boys who competed with each other for
the teacher’s attention:
T. ...and which substances have reacted together.
Now so far we’ve had two ways in which we can arrive
‘at how many molec wo usc. Ons ul Lbese ol course 1s
to take the substance, like a piece of magnesium
ribbon and do what?
(Teacher appears to indicate that this knowledge is

known to everyone, but he gives them a lead into

the answer which seems to effectively limit the options.)

BOY. Weigh it.
T. Heigh it. (Repeats the answer to reinforce it.) Having
weighed it, what kind of thing should I weigh it in,
Julie?
(The named person may not have been paying attention,
but the teacher gives a clue to the answer he expects
by the wording of the question.)
(Julie’s answer was not audible on the tape, but was
presumably correct since the teacher goes on.)
I need then to be able to find out how many moles

I’ve actually got in that piece of magnesium ribbon,
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GIRL.

BOY.

ss I need to know sozething else. What else do I
need to know?
How many things there are in the...
Nc! (Interrupting and rejecting the girl’s answer
the teacher does nct invite her to explain more
clearly what she means, he goes on to repeat his
question. } What else do I need to know? (Gives a
clue} I’ve got the mass in grams of the plece of
magnesium ribbon.
Atomic weight.(ﬂc)

(sic)
Atomic weight. Well done. (Repeats answer and
having evaluated the answer he gives_nraise YT
need to know the mass then...Don’t talk...
(Control)...of a mole of that particular element.
(The control may have distracted sufficiently for
the pupils to lose the sense of the point the
teacher was making.)
In the case of magnesium remember (Recall) this was
24, we did an experiment on it. (The teacher might
have tried to obtain this from the pupils, but chose
not to do so.) 24¢g then was one mole of magnesium
ribbon. I’ve only got, less than that...I
have in fact...Mrs.C. (Technician) weighed
this out for me...I’ve only got in fact, ©.05g,
so to convert that into moles, I have to do what?
. . . {Pause, but no response so teacher provides

more stimulus) I know the mass of one mole, how do
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I find how many moles then I’ve got left...
{Long pause with no response so the teacher goes
back to the basic facts)...If I had 24g how

many npoles would I have?

GIRL. One

T. One mole (No encouragement this time.) How did I
work that out? (Dcoes not walt for an answer before
going on to give the clue.) I divided...

BOY 24 by 24

T. 24 into 24 (Accepts the boy’s answer) The
mass of aone mnle int- ko mass 1'd gOT.
{(Supplies the formula.) If I*d had 48g, how
many moles would I have then? (Checking
understanding. )

VOICES Two. |

T. Two moles. If I’ve only got 0.05g, how then do I
find how many moles I’ve got?

BOY Point-0-five. ..

T. Over 24 (Answers the main part of the question

himself.) So that would tell me how many moles.
That’s one way. That was the way we learned first.
The next way when we were trying to find moles and
the ratio of moles, was using a solution and we
were not dealing then with Jjust single substances,
elements or compounds, but they were in water. To
find how many moles I had then I had toc look at

what it said on the bottle. In this case it says,
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0. 1Y. What doces 0.1M mean, Roger?
R. Point-one-0 {Does not seem to understand the
question or perhaps wasn’t concentrating - several

other voices try to help ocut.)

=3

And what does that actuaily mesan?

BOY. Tenth of a litre. {Several other voices.} In a
litre. {(Is this part of trylng to guess what the
teacher has in mind?)

T. A tenth of a mole dissolved in water. (Supplies

the answer himself.)

The transcript reveals very little evidence of efforts to

Pl ante e B R ] b4

extond purils 7 LS vorbaliss and Ievcal il LUocii  wwil
words the meaning which they attach to the knowledge the
teacher is imparting. Opportunities to use previous
knowledge are not used as a means to creating a climate
which 1is receptive to the new ideas and it seems that the
teacher’s chief concern is with transmitting new
information, therefore he dominates the classroom talk.

The earlier transcript {(See Appendix Cl) similarly reveals
a predominance of teacher talk and though this 1is perhaps
to be expected 1in such a lesson there are probably many
opportunities which would allow pupils to talk about what
they see and to make suggestions and decisions if the
teacher had been taking a less obvious role in directing
the learning.

Throughout the periocd of observation only one teacher was

observed discussing pupils’ written work in class: bookwork
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seeped toc have a low priority as an aid to developing

language skills; departmental policy seemed to be aimed

towards self-mctivation and self-discipline 1in written

work. Some work was clearly of a very high standard of

presentation, but some was of a lower guality and cuantity

even within groups which were of a homogenecus ability

level.

F-DEFINITIONS OF FACTS AND CONCEPTS

The department was aware of the problem of language in

science and spent a considerable amount of time some years

ago compiling a set of definition sheets for the three year

grminse talking the SCTSP conrco, In botal Bhere aic aiwusi

nine and a nalf sides of closely typed A4 paper and a small

sample taken from a fourth year sheet shows how difficult

it 1is to create definitions which pupils will be able to

understand witﬁout too much difficulty.

1. Alkali metal A Group IA element which reacts with water
to give an alkaline solution.

2. Allotropes Physically different solid forms of the
same chemical element.

3. Analysis The ’breakdown’ of information to find
out about the components of a material

or a solution.

4. Artery A blood vessel carrying blood away from
the heart.
5. Avogadro No. The number of particles in one mole of

specified particles.
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8. Adapiation Mcdification in structure cor behaviocur
of an organism resulting in a better chance
of survival in an adverse or changing
environment.
7. Blocd A fluid transporting tissue consisting
of separate and independent cells in a
liquid plasma.
8. Breathing The physical process of gasecus exchange
in organisms.
9. Capillary A very small bore tube or a fine blood
vessel.
Endean and Georde (1982} in their roscarch iuvuiviog a
group ~ of able children reported that it was essential that
the teacher must have the ability to explain new concepts
in readiliy accessible ’everydéy language’ using ’everyday
examples’. The students themselves repeatedly emphasised
the importance of discussion and learning with students of
their own level of intelligence and interest.
There must be some doubt about whether small comprehensive
schools are able to create the sort.of learning environment
in which the most-able pupils are able +to discover and
explore their own potential.
The Head of Department was very concerned that many people
in science education were ignoring the evidence about the
problems of +teaching science which have been published by
the various project groups, the A.P.U. and the Secondary

Science Curriculum Review:
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*’It’s sco obvious there that kids are struggling. It’é so
obviocus from what we’re doing in our assessments, {(New
Nuffield Combined Science} the kids are struggling; not
Just the dim ones, but the bright ones as weil; they’re all
in the same boat when you get down to brass tacks, because
we’re in a very fundamental difficult area of study that’s
difficult for everybody.

The so-called ’bright’ ones have Jjust been the ones who
have been quick-witted, been blessed with high IQ and have
got a very good memory,being able +to put two and two
together and +n learn faots, siring fauls together, but’
we’ve never got down to really questioning their basic
understanding of what they’re doing.’

CONCLUSION

The emphasis 1in +the working of the department 1is on
knowledge associated with the processes of science and the
content of the courses is directed towards those topics
which will allow pupils to develop the ability to apply
their knowlege across a wide range of situations. In this
respect the department 1is working along the lines of the
process model of curriculum which stresses what might be
called ’cognitive objectives’.

The pupils however did not appear to have understood the
basic thinking behind the course since their conversations
often centred arocund an apparent need for a body of facts
which could be regurgitated for examination purposes. It

may be that this block in understanding what the teachers
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are trying to do is preventing them from developing their
skills as fully as they might.

The topics chosen for study are intended to illuminate
other aspects of scientific investigation,which, when seen
together generate ’patterns’® for speculation by the pupils
and teachers. Reflective and critical thought leading to
autonomous and independent thinking are at the heart of the
process model of curriculum and appear to be central to the
SCISP philosophy. However this lmportant learning element
was often missing from the lessons observed because there
was insufficient time for discussion and the exchangas nf
ideas after practical work had* been done. In these
circumstances it is perhaps not surprising that pupils had
come to believe that the factual content of the lesson was
what was important. |

The tightness of the work schedule did not seem to leave
any room for the exploration of the unexpected or the
interesting, so0 that access to knowledge was being tightly
controlled by the teachers.

The question of whether the pupils have reached the stage
of development which allows them to handle the concepts of
the course 1s outside the scope of this study, but it would
be a possible avenue for future research particularly as
many pupils stressed the importance of demonstrations
rather than verbal explanations in helping them to achieve
understanding. The use of analogy is one way which is used

by the department to try to create understanding within the
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pupils’ cown frames of experience.

The evidence of cbservation did not point to any structured
approach to the development of language within the
deparctment and without language it is difficult to see how
pupils coculd achieve real understanding. In the absence of
understanding it would be natural +to fall back on rote
learning of facts, leaving only a partial awareness of the
general principles. This type of thinking was evident in
conversations with a group of pupils who said that they
found difficulty in remembering the details of experiments:
they were looking for facts to remember rather than ideas
and principles which could be used-~in problem—solving.

It is these misunderstandings of the underlying nature of
the course which perhaps point to the need for some sort of
dialogue by which teachers and pupils ﬁight discuss their
different perceptions of the course and through coversation

develop more effective teaching and learning strategies.
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TEXTBCOK ANALYSIS



TEXTBOOK ANALYSIS
A — ANALYSIS FOR SEX BIAS AND CONTENT
One of The reascns which iIs often given for girls not
responding positively to science teaching is the bias which
is exhibited in science textbocks. It is claimed by many
that sex sterectyping is revealed in the way that science
is portrayed as a masculine activity. Text is often heavily
male orientated and the photographs which are used, usually
show men in active roles and women being rather passive and
submissive, often in >traaivicnal’ female
roles. (Taylor, 1972) -
The Schools Council Integrated Science Project readers
’Patterns’ accompany the course workbooks and provide
additional information. The series was published for the
Schools Council by Lopgman and Penguin Books, and comprises
twenty four separate readers and these bocks were used im
the search for sex bias.
A random selection of fifteen of the readers was taken from
the department bookshelves for analysis of content. It is
interesting to note that two of the bocks in the series
(See Appendix D) use the word ’man’ in their titles which
may be regarded by some as an indication of sexism.
The analysis was concerned with:
(a) photographic material - looking at the type of
photographs used to ascertain whether they could possibly

convey the impression to girls that science is a masculine
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or male dominated activity.

(b} text - looking at the number of instances that men and
women were specifically menticned by name.

(c) the bock ccvers — this being the point at which readers
gain a first impression of the content of the book.

a) Photographic Evidence

Most of the photographs used in the books seemed to show
men and boys doing things traditionally associated with men
and women doing things traditionally associated with women.
For example, males are seen in football crowds or playing
football, playing comonter choss, suvldlers patrolling in a
Jungle, working on an o0il drill, climbing about on a
climbing frame, playing darts in a pub, conducting
meetings, working on power lines wearing hard hats,
gathered together at a protest meeting and rescuing people
from floocds by boat. In photographs which might be seen as
directly 1linked to science and techrnology there are
photographs of men using a laser cutter, erecting a kite
aerial, operating a wireless, working on a holograph image
and operating machinery.

By contrast, females are depicted shopping, serving a meal
to an elderly person, taking focd from a microwave, pruning
a tree, suckling a baby., talking with neighbours at the
door of a house in a high rise block, doing laundry,
checking—in passengers at an airport and reading to a
child. Only two photographs were found which showed women

doing anything which could be linked to scientific work: a
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female using a laser in eye surgery and nurses working in
an intensive care unit, though each of these might egually
be seen as women in the traditional *caring’ role.

Although the bocks are designed To provide information
across a wide range of topics they do mobt generally porbray
the sexes in aﬁything other than their +traditional roles;
males are dominant, aggressive, enJjoying dangerous and
excliting lives whereas women are caring, nurburing and
rather submissive.

The photographs in the books are clearly intended to be
linked to the subject matter, Lui one wonders whether
perhaps there is a hidden message ¥hich is conveyved to both
male and female readers about what is expected of them by
society. Certainly there is little in the bocks to provide
a message for girls that science 1is as interesting,
exciting and appropriate for them as it is for boys.

b) Textual Evidence

In the readers amalysed there were 103 references to men by
name, though not all were scientists and there were 6
references to women by name. This is not too surprising
since women have perhaps been under represented in science
over the years. However there may once again be a hidden
messade which suggests to girls that science and scilentific
work has little to do with them and perhaps subconsciously
they dissociate themselves from the idea of scientific

careers.

Perhaps teachers have +to be aware of these possibilities
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and make a delibefate effort to point out that although
women have not had the opportunity to participate fully in
sbience in the past there is no reascn why this should be
thetcase nCW.

c) Book Covers

The covers of the boocks fell intoc two distinct categories
when analysed, neutral and masculine. Eight of the covers
were neutral in design and were attractive to look at., one
other which depicted children playing could alsc be
considered neutral. However six covers were strongly
masculine depicting: a mirmers” rzlly, a motor racing scene,
a male pop singer, a male pole vaulter and a male cyclist.
It might well be that first impressions of a book have an
important influence upon the way the readers perceive the
content and the way they view their own position in
relation to the subject. Certainly there are strong
feminist lobbies who condemn this over—emphasis upon the
masculine domination of science education and who regard
such a portrayal of science in terms of male power,
dominance and competitive spirit as one of the chief
reasons why so few girls want to be seriously involved with
the physical sciences in particular.

B - ANALYSIS FOR CONTENT

The next area of investigation involved trying to get some
idea of the different skills which pupils require if they

are to access information in science textbooks.

Method
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The method of analysis involved counting the total number
of pages in the books, excluding title page, contents page
and index, and then counting the number of rages on which a
particular category of information cccurred. This number
was then calculated as a percentage of the total number of
pages and represented on a graph. (See Appendix D) It
should be noted that where a particular category appeared
more than once on a page 1t was counted as a single
occurence.

Text as a category was taken as an extended piece of
continucus writing rather tharm izmcludiog notes on diagrams
or headings on maps for example. Photographs, the content
of which might need to be interpreted; were differentiated
from static photographs such as portraits.

As might be expected the major category was text and it may
be seen from the graphs of the pew Nuffield Combined
Science course texts that only in Activities Book 2 is this
less than 100 per cent. Diagrams form a second major
category and it 1is noticeable that as the pupil progresses
from Activities Book 1 to Book 2 there is a decrease in the
presentation of information in photographic form and a
marked increase in the use of more schematic forms such as
diagrams, tables, scales and maps.

Cartoons feature prominently in both bocks, but many do not
seem to serve any useful purpose other than providing some
entertainment. For the most part the information conbained

could probably have been put across in different ways.
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c - RE&D@BILITY-@F NUFFIELD COMBINED SCIENCE TEXTS (Trial
Version)
Bearing in mind that these were trial materials which will
hopefully be improved before fimal publication a few
conments seem to be in order. The text is printed in a type
face which 1s mnot easy to read because it is small with
little space between the words. Some children im first year
classes had considerable difficulty in distinguishing one
word from another. As the reading ages in one of the groups
ranged from approximately 7.0 to 15.0 it is clear that to
produce adequate material to span the range is virtually
impnecsiblc unless there were “supplementary materials
available for more-able pupils.
In general the books are written in a friendly manner but
an example from Activities 1 highlights some of the
problems faced by puplils. On page 4 the pupils are
presented with the following:
Puzzle Investigations. Get together with some of your friends

~and discuss these puzzles. Rhen

you have some ideas for solving

the puzzles, talk about them with

your teacher. You may be able to

try them out.

1. If wou held a ballcon filled

with hydrogen gas on a string you

would feel the balloon pulling gently

upwards. If you held a balloon filled
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with air from your lungs you would
feel it pressing geotly downwards.
How could you find cub which was
greater — the downward push of the
air ballocon or the upward pull of
the hydrogen balloon?
Suppose somecne gave you another
balloon full of a mysterious gas.
What could you find out about its
push or pull? We think you would
nave to make sure that all the balloons
are the same size. Why do you think
we say that?
First of all +the pupil is presented with a considerable
reading task in trying to discover what he is expected to
do. There are three imnitial sentences which give two
different sets of instructions and a promise of what might
happen in the future, but does this depend upon the ocutcome
of their conversation with the teacher? Are they only
allowed ’to try them’ if they get the ’right’ answers?
Next the pupil is faced with a series of statements which
talk about balloons ‘’pressing’ downwards and ‘pulling’
upwards which seems to be fairly easy to grasp., but then he
is asked to make a considerable conceptual leap to consider
which ‘’was greater’ - what does ‘greater’ mean®? It could
mean *larger’, °*bigger’, °‘wider’, °’longer’ - depending upon

the child®s vocabulary, but the reader is expected to
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retain this concept whilst éompleting the complex sentence
to ,discdver that it involves a comparison between the air
ballocn and the hydrogen ballcon.

This presents the poor reader with considerable difficulty
in trying +to achieve understanding. He hasn’t been given
all the informaticn he requires until he goes on o read
the third paragraph which points out that the ballocons must
be identical in size. But even that fact is not revealed
until the pupil has been presented with yet another
challenge concerning a balloon filled with a mysterious
gas.

It seems to be assumed that the pupil will read the whole
of the passage about balloons and will not take the natural
course which 1is to consider each answer immediately the
question has been posed.

It may well be that this reading task would be more
difficult for many pupils than the science problem it deals
with. In the hands of inexperienced teachers, who sioply
left pupils +to work on this section by themselves, this
work could be totally misunderstood by many: in fact the
two teachers observed went through the passage step by step
to try to ensure understanding.

The layout of the books is confusing since there is no set
pattern to the arrandement of text: some must be read in
the conventional left to right fashion from the top to the
bottom of the page, but other sectiomns are set out in two

vertical blocks o©on the page. However, to add +to the
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confusions the reader may be required to jump between
columns without any indication of this in the text.

To test pupils® ability to cope with this arracgement of
text a group of first year puplls of mixed abilities was
asked to read the secticn on Senses 2 Im the Activities
Book 1 Pages 16-17 (See Appendix D) wihich appeared to be
particularly confusing in this respect.Each puplil was
instructed to read the page as though they were going to do
the experiment. After reading the first block they were
asked whether they understood what was expected of them -
one of the five said he would not be able to do the work
because he did not wnderctzand wuat he had read; a second
boy said that he would need to read it again but the three
girls were all able to explain what they had to do. On
being invited to continue reading the instructions they all
continued straight down the left-hand block of type without
realising that the remaining instructions were in fact at
the top of the right-hand block. A senior member of staff
was tested using the same text and with the same
instructions and made the same mistake.

This experiment though perhaps rather simplistic does seem
to indicate that the task of reading this book would be too
complicated for many of the children in this school without
very detailed instructions from the teacher. There must be
a strong case for arguing that evén though these were trial
materials they ought to be as close as possible to the

finished product if they are to provide useful feedback to
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the project develcrers. Clarice {ecited i Gilliiand31972)
claiméd that factors such as design and colour are
important in deciding suitability of materials,
particularly for disadvantaged children.

*Although based on subliective Judgements the conclusions do
reflect the importance which format and production are
thought to play in provoking interest in a boock.’
{Gilliland, 1972, 26}

Reviewing the first two Activities books im this series it
is evident that the writers have aimed their work at the
top end of the ability range, not only because of the
complexity of +the reading tasks;* but also because of thz
rate at which skills and vocabulary are introduced and
developed: listing, sorting, classifying, note-making,
comparing, distinguishing and observing, all within the
first threé weeks.

Read (cited in Gilliland, 1972) concluded that discrepancies
between the frequencies of sentence patterns in speech and
print were so marked that this might add to reading
difficulty. It may be that this is especially so when
children, fresh from primary school, are faced with science
texts for the first time.

In addition to the Activities books there are accompanying
Readers which seemed to be even more complicated and
sophisticated in their language, in fact, because of this,
the two teachers concerned decided to use these books very

selectively and not in the way they were directed by the
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Teachers Guide for the course: insbtead of using them as
background material their use became a vhole group activity
under the guidance of the teacher.

The readabllity of both the Activities I boox and the Focus
and Probe readers was checked using the computer program
Textgrader. (See Appendix D for full details.} Samples of
100 words were taken at six points in sach book and these
were analysed producing the following information on
reading ease:

Analysis of 6 passages from Activities 1

‘Nuffield Science 11 to 13

Secondary Material: =

Flesch :12.54 Years

Fry X =6.27; Y = 134.95

Average Age level: 12+

Analysis of 6 passages from FOCUS
Nuffield Science 11 to 13
Secondary Material:

Flesch : 14.52 Years

Fry : X = 5.16; Y = 141.54

Average Age level: 13+

Analysis of 5 passages from PROBE
Nuffield Science 11 to 13
Secondary Material

Flesch : 13.48 Years
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Fry : X = 6.75; ¥ = 144.33
Average Age level: 13
The sericusness of the problem faced by teachers using
these books may bes judged vhen the readirg ages of the
1985/86 first year pupils are studied: ocut of 76 pupils
there are 20 pupils with reading ages below 9.3 years and
several are below 7.0 years. ( Further consideration of
readability is included later in the chapter.)
The following extract gives some indication of how
concerned the teachers were that the new course might not
live up to expectations:
T. For the first and second vear.we thought the Nuffield
scheme would be the answer, but it isn’t going to
be.
BET. You dom’t think that’s goiﬁg to be the answer?
T. Well I think the reading age of that must be way up.
BET. I haven’t checked that. You mean in the Readers?
T. The Readers and the instructions. They Jjust don’t
understand it.
BET. You think it would be worth doing a check on that?
T. Yes, it wouldn’t hurt.
BET. I’11 do that I think.
T. Because 1it’s very difficult for them to understand
I seldom leave them by themselves to read it. 1 do
sometimes Just to see what they get out of it, but
I often read through and explain it as we go through.

It may be better when we get to the final version,
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I méan»@e’ve'sai& thét at their (the feedback meetings
with the project team) meetings, but at the wowment
it doesn’t lcok as though it’s going to be that easy

for them {the pupils)..... I don’% think there’s an

answer for rixed-ability that we get right from...Catherine

she’s got a reading age of about six to Jason who
must be about fifteen. I mean what do you do? You’ve
got to push one and help the other.
BET. You can’t, you’d spend all your time re-writing things
wouldn’t you.
T. Yes. In the first two years I try to make most of
it verbal and then back it up<with...wvhich again i=
a problem, because the people who need toc back it
up are the people who can’t read.
Gilliland (1972) also makes the point that children often
have very different linguistic backgrounds (See Chapter I
reference to Bermnstein’s ’restricted’ language code) so
that a passage which may be readable by one child may be
very difficult or beyond ancther simply because it is
outside their language experience.
>..a person with limited reading ability will soon become
discouraged if he is given texts which are beyond his
comprehension.’ (Gillilarnd, 1372)
A& concluding thought on these texts would be that a great
deal more thought might be given to the style in which they
are written if they are to be made accessible to most

children. At present there seems to be 1libtle in the
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Activities books which cannot be put over more'éffectiveiy
by the teacher and the Readers are so detailed and written
in such difficult language that most p&pi1§ find them
impossitle to cope with.

The carboons in the text appear to be an abtempt to
encourage puplls and to make them see science as fun, bub
the teachers believe that such additions only make the
books more confusing and act as distractors. The comment
was made that the Focus Reader was more concerned with
‘name dropping’® than making serious scientific points and
+he +teascher falft that hetter ewxambples could have been found
to illustrate the ideas. <

The analysis of SCISP Patterns textbooks (See Appendix D)
reveals that they are also heavily oriented towards
providing information im the 'form of complex text. Each
section of a book 1is written 1in the form of an
investigation with problems being clearly delineated by a
black triangle at the beginning and end of the sentence.
Optional work 1is marked by a clear triangle. The whole
SCISP course is based around the search for patterns and a
symbol is printed in the left-bhand margin to indicate the
presence of a pattern.

The language level in the books is sophisticated as the

following example shows:
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*Moving charges give an explanation of arn electric
current. The charged objects which move are called charge
carriers. A continuous transfer of charge is an electric
current.

So whenever you meebt an electric current { that is,
whenever something conducts electricity) you are entitled
to ask questions about what charges are moving. Sometimes
these questions may not be very easy to answer.

The charge in Investigation 8.5 is transferred in distinct
’chunks’ one each time the ball hits the second plate. This
raises the gquestion of whether charge exishs in ’rchunlke’ oFf
a certain size, or vwhether it <« exists as a continuocus
’fluid’. BenJamin Franklin thought in terms of an electric
fluid and imagined glass as acquiring an extra amount of
this fluid when it was positively charged’ (Hall et al,
1873, 125).

Analysis of 5 passages from SCISP Building Blocks

Secondary Material:

Flesch : 16.1 Years

Fry : X = 4.93; Y = 150.69

Average Age level :15+

The two scales used by the Textgrader readability computer
program analyse the same information, the average number of
words in a sentence and the average number of syllables per
100 words. Interpretation of the results of any readability
scale must be approached with care because as Graham (1978)

points out not all long words are equally difficult, indeed
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sore may be guites well known, but these foroulse treat them
all equaliy. Similarly some short words may be very
difficult in terms of their concepbual complexity, but
adain they will all be treated egqually. It is often thouzht
that sentence length 1is a gccd Irdicatecr of reading
difficulty, but This must be related to grammatical
complexity. The computer program used does not give any
assessment of 1interest or comprehension skills, the
detailed study of which was outside the scope of this
study.

Graham {(1978) identified a number of additional factors
which may affect the readability of text: print size,
vocabulary and content and style. Gilliland (1872) and
Johnson (1979) suggest that 1interest and motivation are
alsc very important and it is thé teacher’s task to try to
match the reader and the text. Klare (cited in Gilliland,
1972} examined the disposition or attitude to reading which
he described as a ’set to learm’ and found that a weak ’set
to learn’ was characterised by a mechanical or habitual
approach to reading whereas a strong °‘set to learn’ showed
more deliberate attack with a more regular eye fixation
pattern.

‘The ’set to learn’ must be strong or the goal important if
the individual is to raise his performance in reading by a
significant amount.’ (Gilliland, 1972,24)

Johnson argued that since textbooks were not the sort of

books which people would read given the choice, it was
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important to make the bext simpler than the reader pight be
able‘to cope with as ease of reading might éncomrage them
to cbntinme raﬁher than become discouraged by having to
struggle with the boolk. Nobley (1980} makes the pcint Thah
teachers. often underestimate puplls’® difficulties when
ks, possibly due to their own TfTawmiliarity
with the language  and concepts.

*Building Blocks’ is the first of four books which cover
the SCISP course through from the third year of the
secondary school %o the end of the fifth year. It is
designed to serve the needs of the O level pupil and the
extract above gives some indication of the abstract nature
of the language and the conceptual difficulty which the
pupil faces when trying to understand such a passage.In a
school which has very few genuine O level candidates, such
a book is beyond the ability of most pupils even in the top
set according to the staff who taught them.

A second extract also shows that the reader must be capable
of highly abstract thinking in what Piaget refers to as the
formal mode:

’There remains the question of whether the waves are
transverse or longitudinal. The evidence for this is
slightly indirect, but from it important deductions can be
made about the structure of the interior of the Earth.

All materials are to some extent elastic, that is capable
of being deformed reversibly. Elastic solids can be

transformed in two ways: compression {(which represents a
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change in volume) and shear (sideways movement of one part
in relation +to another, which represents a change of
shape).’ (Bauser et al, 1974,853)

This analysis of textbooks in the science department
suggests that if the tezacher wishes to use books he must be
prepared to give high priority to the development of
reading skills, a task which might be shared with the
English department and the Speclal Needs department. In
trying to find suitable textboocks for different ability
groups in science the teacher is faced with the special
problem which scientific . language presents. Wellington
(1883) explains thét conventional measures o©Of readapilility
do not produce accurate results, because they
conventionally rely wupon such methods as counting
syllables, sentence length and the number of polysyllabic
words. Wellington points out that these methods are not
able to take account of the major difficulty which is the
*opacity’ of scientific language, by which he refers to the
inaccessibility of meaning.

‘We may say that the more unfamiliar the reader is with the
individual words the less fluent his reading will be. This
will be due in part to the difficulty the reader will have
in word attack when faced with 1letter segquences of
relatively low frequency.’ {(Gilliland, 1872, 350)

Many of the polysllyabic words in science may well be
relatively easy to understand because, as in bioclogy, they

may simply be naming words. An apparently simple word such
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as ’mole’ however répreseﬁts a major imtelléctmél challenge
because it is arguably the most difficult concept to
understand in chemistry, yet on a readability scale it
wéuld be no more difficult thar any other simple
four-letter word. Research into the readability of science
textbooks by the wuse of traditional wmwethods has showno
biclogy texts with their preponderence of long words o be
far wmore difficult than physics texts which appear to be
easier with their use of short words such as ‘work’,
’energy’ and °‘mass’.

A readability check on a fifth year worksheet on Echo

during one cbservation session was found to have a reading
level on Flesch of 17.93 years and on Fry it was 16+ years
for 2 passages of 100 words eéch. The worksheet may have
been made more difficuit and certainly more daunting, by
the fact that it was typed using single spacing on A4 paper
with very narrow margins. This meant that first impressions
were of a mass of words, the two sheets being relieved only
by two diagrams at the top of the second page. Reluctant
readers would probably be somewhat overwhelmed by the sight
of so much to read and certainly the group observed did not
read it with any enthusiasum and many of them merely copied
sections into their exercise books when asked to make
notes.

Passages taken from a series of fourth year worksheets had

an average reading level of 18.83 on Flesch and 17+ on Fry
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(See Appendix D} which seemed to place them well bsyond the
reading ability of most pupils in the fourth year. Passages
taken from fifth year worksheets, including those menticned
above had average reading levels of 16.31 years on Flesch
ard 154+ om Fry.

It will be noticed that the Fry results are consistently
cne year lower in the reading level produced by the
formulae. Stokes (1978} sounds a note of caution in the use
of these formulae since his research revealed that
variations between them was unpredictable, even when used
on the same passages, and he did not recommend them for the
casual purpose of trying to select suitable texts for use
in schools.

Accepting that this is not a comprehensive study of
readability of science texts Athis research does suggest
that‘many children may be expected to have difficulty in
coping with reading in science or being reluctant to read
for a variety of reasons:

— the strangeness of the new language 1n comparison with
everyday speech

— the amount of new words to be learned

- inappropriate design and presentation of textbooks

—~ the conceptual difficulty and opacity of the language

— lack of interest or poor motivation

— inappropriate choice of texts for the reading levels of
the pupils

— the gender bias of many science texts
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Bearing these points in mind we can loogk at evidence of
girls’® attitudes towards sclence in this school which has
conpulsory science for‘all for the first five wears: this
is against the backdrop of increased interest in lack of

female involvement in sclence cover recent years.
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CHAPTER VII

GIRLS IN SCIENCE - SOME PERSPECTIVES



practice single-sex.

The practical subjects have traditionally been associabed

with single-sex grouvs in the =chool: the fTow LOYS WHO werse

H

.
pernitted to take Home Economics being the excepbtions to
the rule. But even when the boys were allowed to take the

subject, it was not until the 4th xyear when girls had

[

lready gained three years experience. So regardless of
abllity boys were placed in a laower—ability set aod wers
not really taken seriously in terms of whabt was normally
expected of girls: the assumption by staff seemed to be

that +the choice was for recreastion and oot for saeriocus

that &1l pupils in the first +©two years experience all
practical subjects, but again this has been in single-sex

groups on the grounds that boys and girls cannct be taught
in the same way. When choices are made by pupils at the

beginning of the third year it is assumed that they will

peds

not choose non-traditional courses and when they doc

teachers are not real

bt

v organised to meet their individusal
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The Child Care course has only had cne boy in the last +ten
vears, perhaps because 1t is linked with the Home Economlic
and Needlecraft department, and it may be thab the teachers

’advertise’ the course te girls, but not to boys. It may be

3 + 5 = P | -~ 3 - . | S
that the Course is perceives A= DEIRS CoOneCeSTnea W1
- 4 3 2 o 3 % i3

iwocherhood and not parencnaocd .
T 3 mam e 3 g oy et e e Ao 13~ Dlymreed monl Cras 1
R the Sscoience Gaeparomans, ASPDL1EC rR¥sSical Sience nas

1878.Girls who weres asked about this course were not
inclined to take it because it was cs=n 25 bsiug concerned
-+

with mwascuiine—-tyoe activities like stripping down car or
motor— cycle engdines. Similarly the human biclogy course,
which only attrachts girls, is sesen by the Headmaster as
something for the non-academic girls to do.

Agriculture is regarded in a different light and a number
of girls are accepted for this course each year {perhaps

25% of the group}, but the reasons for this difference in

attitude may be found in the fact that it is guite common
for women to work on the family farms in the Dale, indsesd
it is often a necessity. The involvement of men in the
running of ths home or the rezring of children is  less

common, indeed many men are sald not to concern themselves
with their c¢hildren’s education leaving that +Htoc their
wives.

These and other messases’ which the pupils receive from
the ’hidden curriculum’ may reinforce gender

stereotyping. The school system of punishment allows for the
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caning of boys., but not girls and thousk such ocourences
nay e rare they say something about the different
attitudes pecople have about boys and dirls.

‘he staffing of the school 1s prédominantly male: only two
senior Dposts, one depubty and one senior head of department
are held by women. The only female hesacher in the scisnce
department +teaches general science and human biology both
of which are regarded by pupils as being inferior to
integrated science and this may say sompething toc them aboutb
éhe stabtus of women in science.

-«

It was against this backsround +thah doring the initiad
stages of observation in the schoel it became clear from:
conversations with staff and from a review of previous
research that girls present major problems +to science
departments, or Lo be more accurate a certain type of girl

presents problems.

The girls menticned were not usually amcengst the most-able
academically, though some were, but they had enocugh ability
to make staff feel that they were capable of achieving

success and learning a great deal of science.

These girls
tended to be extrovert in charachter and formed themseslves
intoc small groups of articulate and somewhat

anti—establishment and anti-—authority persuasion.

Oy —~
vne sroup

of fifth-vear girls had apparently been identified as early
as the second year as being a pobential problem tc the
department but it had failed to find & solution.

Au atbempt was made to discover something about the girls’



itudes +towards sciesnce with particular exphasis upon

+thoss who appearad 50 be most rebellicus in the depariuens.
REACTION TO PL$CTICAi HORK
Girls dislike of practical work is often expreszed with
reéference to experiments which appear o bhe repeating the
same thing, because they do not sesem o get anywheres, this
particularly applies to chemistry experiments which involve
mixing chemicals in test bubes and observing the reaction.
A When we do them (experiments), they’re like, like

that one we did the other day, it tock up a whole

-

lesson waiting for them things to react in the test

tubes. ..
B. Oh! Yes.
A ...and in the end it didn’t work - wasted a whole

lesson oo it.
Enzsymes and thinsgs.
And spitting in test tubes.

Yes.

And it just didn’t work in the end,

a wasted lesson.
SET. So what have...what do you do then?
the results that you should have got
B. o, it?

lesson’s wark.

BET. Oh!

<
»

A. Ho.

'B.' N, not really.
' ‘ 156

ac that was Jjust

Does he give you

b g

?

s just forgotten about and you do yvour next

o do you know what you were supposed to find?



3 L ¥ S~ B 3 ~ 3~ 5 L [ R 4 ~r 3 G o~
NG 2masSs il 810 I'eaCLliollis o rep i i o~ b HEISENCIR
and fawmales irn their reactions to epetitive experiment
c o e - - ~e = =) P
She said that boys were prepared to go through the came
3 v . o3 Tt 3 . T U 1 L
excerimant over and over again, bub girls are zatisfisd £

fazscination with such experiments - “making bigger and
louder noises”. She further illustrated this point by

desceribing the way boys will take their bicycles to pileces

at home, nobt necessarily because they are broken, but
: -
because they enjoy it. Girls, on the other hand, are

reluctant to take anything to pieces in case they break it
in the process - the philosophy seemed to be that if 1t
worked why interfere with it.

Another girl identified this emphasis on practical work at
home and school as being the wmalin reason why boys enjoryed
practical work more than girls. The girls said that whilst
boys were involved in this practical activity girls were
likely to be found playing with dolls and "making them
better”. This was described as the "maternal instinet"”: the
"If 1I°d +taken the bBrouble to take something to bibts I
wouldn’t want to put it back again, what was the point of
taking it to bits in the first place?”

Although +the opinions expressed by the girls do not show

any real appreciation of t is worth

pads

cientific methodology

U

pointing out that they were very intelligent girls who were
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3 3 - ¢ Famwre TS

could not really aprrecisbe what scisnce really invelved
5 - - * - 2 b % by

eveon afber five years beaching. Paradoxzically thess same

’The fact that it’s harmful to humanit pethans gets e
more than the faect that it’s going to be...Il think men are
always looking for something that’s going to make 1life

o B

easier for people, women perhaps are saying, vou know,
what’s it going to do, how’s it going t5 haiwm  peopler K

se 1it’s going to help pecple in the end, but how many

people are going to get trodden underfoot in the process?’

Q

t between personal feelinss

’1 think perhaps that science where you’re not léaving well
alone, you’re taking things to pieces is sowething that’s
pulling inside me saying, “Just leave it how it is.”
Science is saying, "No, you’ve got to look further.”

And I’m saying, “"Whryr?’

DIFFERENTIATION OF SCIERCE ATTITUDES RETHEEN BOYS AND GIR
A considerable bhody of literature exists which is related
to the differences in scientific achievement of boys and
girls and which seems to increase in favour of boys with
increasing age. (Erikson and Erikson, 1984)

{See Appendix G Examination Results analysis which reflects
this view)

The. explanations which have been offered for these
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differsences fall mnainly intc +two broad interpretations:
biolcgical and =ceiclogical. Delamombt {1880 arvguss  thab

Bany O 18 male and female differences which arse believed
o be bioclogical in origin are in fact the result of the

advanuzge in the study of science. {Gray, 1881
The development of spatial ability is usually linked with
the degree to which individuals wuse the right or left
hemispheres of the braln for spatial processing, (Brikson
and Erikson,1984), but theres has been no substantive

evidence to support this. {McGez cited in Erikson and

Erikson and Erikson {(1984) 2lso cite Sherman who suggest
that the functioning of the different hemisphsres of the
brain was the result of cultural apd sococial upbringing

rather than being genetic. He belleved that it is the way
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to be no convincing evidence that performance differences

Al

in relation to spatial, motor and lipguistic skills {(all
important in the study of science)} exhibited by boys and

girls relate +to genetic or biological factors. All the
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ften portrayed in the media and in children’s 1literaturs
as being somewhat passive and submissive.

>HWomen occupy the supportive and expressive roles in
society, men the innovative and instrumental ones.’
{Kelly, 1981)

This line of argume also extends inbto the mas
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of science and scientists which is presented by filwms

1 3 +1 el 3 Dhewsm 3 T st —~ —— S et £ ot
DOOKS and Cae mehila., ra¥sicas. SCiences are identified as
P izt 33 T meed v T S emram wlh S - mmnr Fm el mroemdd s
mascuiine, butL biclcEical sciences, wnich ma e Viewea &Te

<+ e -~ —~ —~—— ey =T o £
‘nurturant Iay be sSeen w0 be Bore suitabie 1ior

This point was wmade by one of the teachers during a
conversation about his approach to teaching girls in the
lower school:

T. I try to teach egually, but it’s difficult because
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thev’ve got different ideas, They have preconceived

about whah they like and whabt scisnece is and

H-
[P
0
{0
u;
:]I

the girls a vit more for what they’ve...
BET. They come with preconcsived ide=s?
T. Yes I think =so.

BET. Fron homs presumably and primary school.

T. Yes. School, Television. I mean, I still think we’re
fighting & battle and we’re losing still. I think even
perhaps more S because belevision just shows, nearly
thn £3imes —odosbloao -~ . PR

Fhe 122,383 CG015S0S8 are waie U mARSCULlIne women and

we’ve got to do scmething about that. {See results

by
’-‘I

€ rzmamrosvs
Or 3Survey o

st year puplls in Chapter IV)

They (parents) come at parents’ evenings and say that

o)

t’s not a girls’ subject - even though they’re doing
well. It’s often the ones who are doing well saving,

"We’re very surprised, we didn’t expect girls toc be

~ . .. Y .
the results of the first year survey into sharp relief, as

science, and it alsc seemed to indicate that far from

having stereotyped views about science the girls wers very

open— minded. (See alsc Appendix E).

L 3 - = 3 5 5 3 3 :
Children’s toys are important in this =ocialisation
process.

’Boys alleged inbterest in "how things work” is fosbtered by

ail

Laai L



toys where girls are given

frikson and Erikson, 1984) sugg

girls to mechanicsa

p-ed

differential access of
M

1 o blocks and wodels may well wmean that &

not develop the sp ! skills which such play encourzcges.
Boys may be wpected To do better on bopiocs ‘such as

motors’ which may d lop from th greater interest in
crioence-rzletcd LoOOhRs el medla  TOPLCS- {mrik=son and

e . we = o .
The following componis =

[\J

WEeTE

£

m

T dom’t like the experiments where you put this

I find it a dead end Jjob, sort of ti

>’T don’t like doing circuits.’

N e s n e T 3. P - 3 1 gy SR B

interesting. Like I always think it’s more for boys what we
—~ [ — Ao P r et e ~1 PR prgu. |

do, vou  know about, sort of, aboul slschric motors and

*HWe find chemistry the hardest.’

Research into deficits in wvisual-spatial problem-soclving

and low rates o

Pty

vlay with ’‘masculine’ boys does suggest
that girls may well be disadvantaged by patberns of early
childhood play {(Connor, Serbin and Schackman, 1877; Connor,
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>This lack of three-dimensional experience abt the esarl
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stages may lsave unharnessced the interest and energies of

Ther
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is a problem however in that msny girls do have
superior spatial ability compared +to some of their male
counterparts yet they drop physics whilst the boys continue

with the subject. (Ormercd et al, 1979)
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since the cultures were so very different, which suggests
that perhaps biological factors are responsible.
’Factors peculiar +to a branch of science seemed o be of

greater importance in producing sex differences than

factorz charactesristic

l"l

aof +the national culturp or schoocl



svsten.’ (Kelly, 19813

Kellv’s hypothesis that schools present seienge in a way
whichh iz  hokhsr zueitsd to bovs bhan girls argues for a

change in the way girls are baught science otherwise the
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Ormerocd, 1875) as a way of increasing girls’ achievement
have been counbtered by others who suggest that it deoss not
make any difference. {(Rl1in-Ctoyls

—-
& research project abt Huddersfield Polytechnie {available

from the Polwvtechnic) suggests that the barrisrs which
girls are likely to meetb are not 1ﬁtellectug1 or physical,

but more likely to be soccial. Teachers have an importént
rcle towards thess girls as information providers, but they
are also guite likely to discourage girls from enberinsg
engineering.
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>It would probably be useful when we got cars ’“cos they
think that lasses shouldn’t do engineering or anything like

that, but
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T

I mean they say that girls can go into enginsering and
things like that, but it’s orly the ...a very few who
actually want to isn’t it.’

This point was made by Brierley (19275} who said that whilst
most countries now seek to provide eguality of opportunits

in an attempt to fully develop the talent whick exists ir
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Nobel prize, such knowledge was central to a greater

R PRS- I A i e mdege = 1 TT1e S . g w3
U erSTanting of the nature of the c=lls in cur bodies and

~nuld have vprofound sffects on our ability to fight

In the future the mewmbers of the group would have the right
to vote and help make decisions and these should be
informed decisions based on knowledge. Knowledge was not
only nesded by scientists.

At the end of the lesson {the teacher) agaln came up toc =me

and re-stated th

)
L
feto
Hy
)
(S0

culty of pubttipmg across the

elevance of the work to girls like Louise, who could =not

Hy

{in

ee any point to the work and were not motivated.’

The day after the same teacher agaln spcke on the sane
subject, but s3aid that he thought that Andres was the
catalyst who stirred the cthers to discontent. He returned

+ s
CO T

4}

problems o©f the day before when he said the
atmosphere had not been good and atmosphere was essential
for a gocd lesson.
Socme days later the following conversation took place with
the same teacher:
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DISCUSSION AND FINDINGS OF THE EVALUATION



DISCUSSION AND
FINDINGS OF THE EVALUATION

One cf the most strikimg‘féatures of the science department
is the level of comﬁitment to the teaching of science
expressed through corporate activity.If the department
maintains a certain degree of isolation from the rest of
the school staff it is because they have found that their
job satisfaction 1is to be obtained within the department
rather than in the wider school environment: the way they
Puneotion _as tzachors alsuv demands that they spend a lot of
time together, formally and informally, planning and
assessing both the work and the pupils.

These findings and thoughts are addressed primarily to the
teachers in the department in the hope that they will not
see .them as being critical in any respect, since the task
of this research was to describe and interpret their roles
as actors, mnot to Jjudge them as people or as teachers. It
is hoped that these remarks will cause them to reflect upom
what they sare doing sasnd perhaps they might gain fresh
insights into their work.

It might be a wuseful exercise for the department to
consider whether the courses it offers and the teaching
methods used do in fact meet the needs of a comprehensive
intake. It could be that whem courses are built "downwards”
from the most able they do not achieve as much as those

which are imitially developed +to meet the needs of the
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least-able and are then extended upwards throughout the
ability range.

FIRST YEAR SCIENCE - THE NEW WUFFIELD COMBINED SCIENCE
PROJECT

As the project has been running for a very brief pericd and

s perhaps toc early to

20

then only im its trial versicm 1%
malke anything other than general remarks, but there are
features which are disturbing and which do merit some
comnment.

It would be a great pity if the course which has generated
so much enthusiasum within the department and amongst
pupils of all abiliéies” was %0 become  just another
proving-ground for the science elite because of its
tendency to high flown scientific language, and to some
extent, ‘gimmickry’ Iinstead of concentrating its efforts on
teaching about the skills and processes of science, which
is what young people probably need if they are to be
motivated towards science.

Within the department there appears to be a range of views
about pupils® previous experience. The Head of Department
is very concerned that pupils may be taught “"wrong” science
and would therefore be better off without any science
teaching since it is very difficult to “"unlearn”. Another
member of the department was equally concerned that
teachers should use the "inmate” knowledge which the puplls
brought to school. This 1issue 1is one which generates a

great deal of discussion in science &ducation and might
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well be addressed by the department to good effect.

Get a child to observe carefully and describe clearly how
a frog eats a worm or how a rubber ball bounces and you
have given him some scientific education of much higher
merit than iIf he had learned how to determine precisely the
pH of a solution with a hydrogen
electrode. ..’ {Bibby, 1974, 20)

During the lessons cobserved, puplls haed some opportunities
to talk with each other and to a limited extent with their

teachers about what they were doing.so to & degree they

woro 1T r? @tied Aemwwel IS e HBoaAal o oo FR S aalit et wlod T T o Sl e o 2R
G LAl  eAASE WO AF Y N n P daShD | APLAS LoD AP TUAD Ll SeDLSD ey 0D DD A L LoD uu.nn.uu(su

the langusge of their everyday world, but this process was
seriously threatened when they were confronted by the
project readers.

When this occurred the pupils’ attitude seemed to undergo a
dramatic change: instead of the teacher being regarded as a
guide and counsellor as he was during the practical lessons
when puplils were able to respond through a shared lesrning
experience, here the teacher resumed the traditional role
of one who possesses all the skills and knowledge. The
teacher was now asking very difficult questions im a
language they could barely comprehend and he often seemed
to be making reading demands which were beyond their
ability level. The children often looked confused and not a
little frightened.

The textbooks as was mentioned earlier, are writtem in &

language which is way bevond the grasp of most of these
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11-12 year old pupils =and bo mpake such texts such an
integral part of the course design would not seem to do a
grealt deal to serve the cause of science educaticn. It must
te remesxbered that these children have moved frem small
primary schools and heve high expectaticns of the school
science laboratory: expectations which, 1f they are met at
this age may well lead ©to greater scientific Iinterest
later. As DBibby (1974} points ocut facbs learned at school
are mostly forgotten withinm a short space of time. What is
the educational Justificationm for the inclusion of any
material? The only Jjustification must be if it encourages
and assists in the learning process and the development of
cognitive skills. Some children would get little from these
Combined Scilence texts in these terms:for many it would be
the small amount which might be'gleaned from looking at the
pictures. |

The teachers involved with the course were generally
working very closely to the project brief, believing that
this was the only way to give vallid feedback, but they were
acutely aware of the fact that most lessons were too
crowded for satisfactory learning. The pace at which they
were expected to cover the work left little opporturity for
checking that Iinstructions were fully understood or for
allowing pupils to develop their own ideas through
questions and answers during whole or small group sessions.
The amount of work expected of pupils during practical

lessons was unrealistic if they were to have time to record
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their findings, reflect on what they had achieved and try
to reach some general conclusicns. The most common feature
of most of the lessons was that the reflection sand the
draving of coaclusicns were comitted because time had rum
oult, so probably the most valuable part of the lesson was
lost. It is doubtful vwhether work could be followed-up with
the same effect during the next lesson because  the
immediacy of this shared experience had been lost and could
not be effectively reinforced. Complebting work at home does
not seem to be a substitute for being part of a group which
nan shars its evpericonces ond diaw upuu LDe SKILL Of  the
teacher. Perhaps a consequence of this lack of discussion
was Tthat the notebooks, regarded by the project as an
important feature of the work, were not being as carefully
and accurately written as perhaés they might have been if
more time had been available for discussion about how to
produce a report in clear and concise language.

The department had obviocusly geared its spproach to the
project to fit +the style of working which they used with
other yeargroups and which had evolved from the early use
of Combined Science and SCISP courses. It may be that the
approach which was suitable in the early 70°s is not
entirely suitable for the 80°s: perhaps the methocds forged
from the innovation of SCISP have become the orthodoxy
which needs Lo be re-examined and perhaps re-shaped Lo meet
changing demands.

It might be useful for the department to reflect upon
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whether the teaching styles used encourage or inhibit pupil
to the extent thalt they may be so concerned with @galining
teacher approval that the btrue enjoyment and excitement of
science is being lcst.

‘Systems that d@n’t reflect upon and learm from their
experiences die, or at least start going backwards’
(Rushner and Logan,1984).

A similar point is made by Warimg (1979) who suggests that
’>schools and the teachers within them gradually accoﬁ?date
themselves to a state of equilibrium (which 1is possibly
unique for each school =nd fsr cach ciass and teacher)
within the context of a relatively- stable bedy of Ildeas
about how and what to teach’®.

Self-evaluation 1is &a central feature of the work of the
department as it goes aboubt its hormal work amd as such it
is never static therefore the Combined Science will not be
simply accepted, but will be subjected to frequent change
following +the trial pericd. But this does not necessarily
provide the impetus whiéh the department perhaps needs to
stand back and lock at curriculum development in the way
that Stenhouse (1973) envisaged when he suggested that it
should include much more than the subject. He would include
the responses which the various participants make towards
it apnd their inbteractions with each other, so that the
product of development and evaluation are part of the same
process, always changing.It is unlikely that tests and

assessments will provide deep insight into the way that
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mixed-ability groups respond to the course. A more thorough
investigation of pupils’ responses and their cognitive and
affective development 1is needed 1f the evaluationm is to
rise above the stimulus/response type of assessment.

The attitudes of the Jjunior pupils towards science seem to
reveal little evidence of <the bias or sex steriotyping
which are so often reported. It will be interesting to see
whether this changes as these pupils go through the
adolescent pericd when science becomes more academic and
more demanding.

LANGUAGE AND TMNDERSTANDTIIC

Smo Ve e

Meny factors appear to affect -pupils’ ability to reach
understanding in science and they talk about them in a
number of ways.

There is feeling amongst both boys and girls that the way
science lessons are structured prevents them from achieving
full underétanding. This point was bormne out by observation
which revealed that most practical work had to be rushed so
that it was not possible for pupils to spend time with
their peers apalysing and recording their results. It may
be that on some occasions the size of the groups is a
contributory factor particularly when equipment and
apparatus has to be shared, or when classes have to work im
large groups.

Much of the recording and analysis has to be done at home,
but this might lead to pupils drawing incorrect conclusions

paricularly since there was little evidence of pupils
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making notes during lessons. & great deal of what was
produced inm exercise books must have relied upon memory.
Equally working at home deprived the pupils of the
opportunity to develop and organise thelr understanding
through the medium of exchange cf ideas with their peers in
much the same way that this affected younger pupils.

The department places a great deal of emphasis and faith in
the assessment tests as a methcd of diagnosing errors in
pupils® thinking and they follow up with review lessons.
Pupils did not express the same faith 1in this method
because they claimed that anything missed or not un@§r§tpo@
during the lesson was a bhanééwgohé,‘Thi;'m;y ﬁell be seen
as a somewhat dramatic reaction but no additions or
alterations to puplls’ notebooks were noted., and since so
much of the work was incomplete'it must have been difficult
for them to revise effectively.

In the main textbooks are used very selectively by the
department, simply because most of them, as has been shown,
are far too difficult for a larée nunber of pupils, even
those in the top ability set. so reading them would add
little of value to their studies.Readability studies have
in fact revealed that many factors other than language
difficulty can affect a pupil’s disposition to reading and
where motivation is high it is possible to read a a higher
level than might normally be expected. The whole gquestion
of readability might be a fruitful one for the dJdepartment

to explore since the lack of science reading is a cause for
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serious concern, nobt only in relation +to their academic
progress, but because puplils are not able to develop Tthe
rezding skills which are necessary to take full sadvantage
of the vast wealth of informaticm in books, Journals and
newspapers. One question which mwight well be saddressed is
wvhether the paucity of suitable textboock mabterial Iis
sufficient reason for restricting pupils’® exposure to
scientific language im this form. Clearly ‘home-made’
materials can be equally difficult as has been shown, bub
at least there is the chance to do something about altering
the ;gading¢ levels of workshoots 'LU“‘make.”tnem more
accessible without making them Iinappropriate in the
learning situation.The wide ability-span within many
science groups suggests that attempts to solve the problems
of access to the language of sciénce whether irn writtem or
oral form is a  matter of f@ndamental importance to the
department.

The gresat value which many pupils place on pracbtical work
is that they are able to understand and grasp scientific
ideas much more easily when they can see for themselves
rather than by receiving a verbal explanation second-hand.
However some boys expressed the view that practical lessons
were so tightly structured that they really couldn’t go
wrong, soc that there was a feeling that much of the
excitement had been taken out of the  work: the
investigative aspect was fufther denied them by the

knowledge that if they went wrong the snswers would be
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provided om bthe blackboard or they would be invited to copy
results obtained by other pupils. A complaint was made thab
often results appeared on the blackboard before they had
hed the opportunity to comsider their cwn findings. This
suggests that results may become The essential feature of
the lessomns rather than sanalysis of the procedures
involved, discussion of what pupils have observed or what
patterns are beginning to emerge. The searching for °right’
answers is more applicable to the objectives mocdel of
curriculum rather than one concerned with processes of
"knowing. The puplls do not SGBM to appreciate the ch&nging
nature of knowledge or the fact that they are not being
taught permanent truths.

In order to create the extra time needed for practical
work, pupils suggest that teachérs spend less time in whole
group eXplaﬁations and devote more time and attention to
individual and small group discussion as a way of helping
those pupils who have difficulty grasping the purpose of
the lesson. Whatever the circumstances however, it seems
essential that teachers should encourage pupils to talk
about their problems as a means to achieving comprehension
and the teacher could carefully modify his own explanations
by providing the pupil with everyday examples whenever
possible. The use of analogy appeared to be useful im this
respect.

Some pupils were very conscious of the need to be treated

as individuals: they recognised that they were all
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different with different levels of ability and did mot wish
to be treated as one amorphous mass.

A group of boys explained how they relied on one of their
friends to explain the work Lo then because he used
language they could understand.

In tTheir report on the science department HMI made the
following comments:

*In most ways these programmes mabtch the abilities and
interests of pupils im the school. There is always value in
revieving regularly the courses, the suitability of the
aims and objectives and the appropriateness of their
content. In particular ther teaching styles need +to be
carefully considered, Although thought has undoubtedly
already gone into this, it was difficult to ascertain the
main  purpose of some lessons despite the careful
preparation which had been carried out.’{Report of HMI
Inspection of the School, 1984}.

These critical comments about teaching styles im the
ﬂepartment‘are not easy to interpret. but after a pericd of
observation a view might be that there is a feeling of
‘sameness’, so that after a while there is a searching for
the unexpected and the exciting. Perhaps it was this
absence of the unusual, the unexpected or the challenging
which prompted HMI to make their remarks.The programme of
lessons is rich in variety: teacher exposition, teacher
demonstration, use of films, small group practical work,

use of a variety of worksheets and some use of textbook
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wmaterials; but the spark which generates great enthusiasum
and interest in science seems to be missing.

HMI made the comment that pupils vere unduly passive and
this was certainly a nobticeable feature of scme of the
lessons observed and it is perheps im this area of pupil
involvement where the key to HMI remarks might be found.
Pupils are not involved in designing experiments since all
the schedules are carefully prepared by the staff and all
the practical regquirements are met Dbeforehamd by the
technicians. If a topic generates scme interest thefe does
not seem LU be o weChanism for oxtonding the inveskhigahinns

outside the normal schedule, so perhaps it is spontalineity
which is missing.

*To arrange a topic which meets the four conditions (for
discussion - nature of the problem, status of group members,
size of the group and motivation) almost inevitably means
having different groups doing different things on
open—ended and therefore different time-scales which is
very difficult to reconcile with a strict timetable and
whole—class Progress through a tightly scheduled
syllabus. ’ (McClellard, 1983, 131)

comment

This somewhat surprising feature of pupilhshowed that so
far as SCISP is concerned they do not seem to appreciate
the ratiocnale behind the course even when they are well
into their fifth year which perhaps throws a question mark

over the concept SCISP for all but the most-able.

It was the frequency with which topiecs changed, the
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sequence of work and the fact that pupils were often unable
to recognise‘the links between the different sections which
caused confusion and led to the desire for the separaticn
of the course Iinto sections clearly asscciated with the
traditional sciences. Teachers might lay the blame for this
on those parents who still talk in terms of separate
sciences to their children, but by now the school should
have been able to disseminate the message of SCISP widely
enough to counter such views. The Head of Department

certainly felt that, for a school which has so obviously
shown that °’secienne for =211° 1z 5 ceniraei pullcy, TOEre has
not been very much done by the management of the school to
*’sell’ the idea to the public at large. Perhaps the fact
that the other departments in the school are so clearly
’labelled’ in subject terms mﬁkes the task of a lome
integrated department that much more difficult. It might be
that more strenucus efforts to involve other departments in
the work in science and for them to become involved outside
their own area would help to show that boundaries may well
be regarded as an artefact created imn order to try to
produce neat packages of knowledge. Certainly conversations
with pupils reveéled a strong tendency to refer to the
separate sciences when they were discussing their work so
the process of compartmentalisation appears to be firmly
implanted in their minds.The suggestion that the cause is
to be found in the way in which parents talk about science

is perhaps too convenient and one must question the depth
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of understanding which is being and can be achieved by
most pupils.

The problem of pupils® ablility ©to access scientbific
language threugh lessons, textbooks and workshests is
recognised by the deparbment, but as yet it does not seem
to Hhave assumsd largé encugh proportions to become a matter
of serious concern.
GIRLS IN SCIENCE
Evidence of some of the views expressed by girls during
interviews , in pupil profiles and the questiopnaire
appears at first sight to indicate a gradual, but growing
fejeetéghwﬁf‘seieﬁéé; b@ﬁwrfhis‘ mé& ﬁﬁ% be an accuréte
reflection of their real feelings.
Though it 1is clear from the examination results (See
Appendix G) that girls do not aehievg the same level of
success as boys, the reasons for this are far from easy to
determine and as we have seen earlier it may not be a
gquestion of anything more than the fact that examination
success is not g£iven a high priority by maeny girls,or it
may be towards a mofe fundamental ievel that fhe department
might direct its attentiomn.
When girls are critical of science and science teachers it
often appears to be because they would like to see changes
which would allow them to enjoy science more thamn they do
at present. They claim to want to understand, but are often
unable to do so because the language does not allow them to

creabte meaning and they are not able to do this without
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talk: talk with each other and with the teacher. Tallt doces
take place, indeed there is a good deal of it. but often
much of it is mot work related or it does not take place ab
the point where it is mocst needed, towards the end of thz
lesson, since wmosht lessams end abruptly without a
conclusion or time for summing-up what has been achieved.
Without this time for amalysis and reflective thought it is
likely that pupils will fall back on rote learning of the
concepts and definitiomns without really integrating them
into their Iknowledge systems and without developing real
understanding.

The “pulnt made DY SOme pUPLLsS . about tThe volume  of
information which teachers often include in their lessons
was verified during cbservations. The central thread of
lessons was difficult to ‘follow and it might be that
shorter and more precise explahations would create less
difficulty providing an opportunity for subsequent
expansion of the ideas.

The girls claim to learm best when they are ‘doing’
sonething in a practical semnse, but the problems at present
are this lack of time or the fact that for a variebty of
reasons experiments go wrong, which then makes the work
‘boring’. Many girls seem not to have learnt that failure
may be a useful part of the learning process; they have not
grasped the basic idea that in scientific investigatiom it
is sometimes necessary to repeat experiments if patteras

are to be allowed to emerge. They bhave not recognised that
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this 1is not ‘’borirng’® but is an essential feature in the
search for sclientific truth. Equally it could be stated
that without the loss of so much time at the beginning of
lessons when the girls themselves are coften late there
might well be more time available for a more structured
conclusion to lessons.

Although there were few signs of differentiation of
treatment of girls during science lessons, and the fact
that examples used in the teaching did not show evidence of
sex-stereoctyping, There still appeared to be a problem for
 mnwmn  tannhase  3n. Aoaling. with

0 nratn e A P T N Do W e oy et D e e ey 0w wroa

girls, .  Most  of the.

diseiplinary problems which arose .involved groups of girls
who clashed with some teachers on a regular basis and the
staff showed considerable antagonism towards them in the
privacy of the staffroom or the ﬁrep room. The staff did
not seen td consider that a less confrontatiomal approach
might be beneficial to all concerned.

The feeling that girls have about wanting closer and
friendlier relationships with teachers seems to be quite
strong: they want understanding from their teachers even if
they are not able to share with the boys the same degree of
interest and excitement about some topics, but as much as
anything they want warmth and humour in lessomns to lighten
the academic slog.

*Jokes can humanise a teacher, transforming him from amn
official %o a persomn in the eye of the pupils. Humour is

also an important means of communication with pupils who
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inhabit different culbtures from that of the teacher. Only
by the teacher accepbing Jjokes and Taunts from pupils,
encouraging the comic, can he signal the acceptance of
diverss culbtures, Im some of which Jjoking is an essential
feature of everyday life. Tbis.is one way im which school
knowledge and everyday experience can be brought Gtogether
and learning enhanced.’ {(Walker and Goodson cited in Woods
gnd Hammersley, 1977)

Maeny girls express an interest in broader social and wmoral
issues im science as well as a keen interest in the
‘nurturant’ aspects of biolcgical science. because  surch
topics are seen to be °real’ problems which directly relate
to people.

As one girl explained:

*The longer gquestions inm the exam, where they dom’t
actually refer to something you’ve done in class, but they
take what you did and put it in a different situation, now
I can crack on with them like a goocd ‘un’....It°s me alone
on this paper not somecone saying well this is how you do it
on the board...’.

Several writers, 1in ewmphasising the differences between
boys and girls, mention the value which girls place on
communication and caring. Smail {1984) suggests that girls
interpret the world through its effects on relationships
which are developed and they do not abstract events from
their context as readily.

In advocating a change in emphasis inm sScience from
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analysis’® tGowards ’caring’, Smail is not suggesting the
total aban@@nment of analysis im favour of pure
description, but rather that °the “science skelston” should
have nore flesh on its bomes so bonat synbhesis of “male”
and "female” characdteristics is achieved’(Smail, 1884).

This caring attitude was exemplified by a girl who
described how she had watched a television programme
concerned with the effects of high-voltage elecbricity
cables, which appear to be having serious effects on the
health of peocple 1living in the vicinity. The girl had
become guite incensed as she explained that there avveared.
to Dbe some sort of official cover-up aimed at preventing
the full story being revealed. In normal circumstances this
girl, wvho is very intelligent, had no real interest in the
science programme because she coﬁld not see where 1t was
going, but these broader scientific issues were what she
was concerned about.

If we asccept that this may be true of many girls and if we
note the findings of the questionnaire {(See Appendix I)
which shows that girls inclinations in science are towards
the practical rather than the abstract-theoretical
learning, then it may be that we can accept the Head of
Department’s assertion that:

*Probably the benefits of this kind of approach will not be
shown in exam results, they’ll be shown in them as people

in about ten ¥years time.’

There seems to be a dichotomy and conflict between the
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investigative/practical approach to science which the
department adopts and the stronger theoretical X and
abstract context of the examinations and one wonders what
would be the conseguences of the department pursulng its
natural inclinations more strongly by mot giving so much
exphasis to the abstract concepts arnd simply allowing the
examinations to find their own position  within  the
framework of science education. Such a move would demand
great courage and conviction, but it might produce more
young people with a love and enjoyment of science.

It might also be that a chande in emphasis _hnwards a more
female oriemtated approach to science would help to reduce
many of the department’s difficulties with girls: declining
interest in science after the third year, late arrival at
lessons and the problem of gifls forming themselves into
small pockets of formenting disenchentment.

There seems to be some evidence that the practice of
changing science teachers at the end of the third year has
an effect on the girls’ attitu@es and it may be that this
*tradition’ developed over the vears has taken precedence
over other educational consideratioms.

Associated with the preference for a more
practical/non-theoretical approach to science, is the fact
that there is a deneral belief that girls do mot have the
spatial ability with which boys seem to be endowed. Whether
the reasons are biclogical or sociological is probably

immaterial in terms of making an attempt to provide
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remedial help. There does seem to be a case for
suggesting that there might be cleoser links with primary
schools in an attempt to place grester importance upon the
acquisition of skills asscciated with an enjoyment of
science such as three—dimensional work and mechanical
model-making.
THE COMPLEXITIES OF CLASSROOM INTERACTION
*..a classroom is an environment...the way it is organised
carries the burden of what people will learm from 1it°
{Postman and Weingartner, 1871,29).
There is a complex and  continuous proness nf negatiation
going on in the classroom as both pupils and teachers
assess and Judge the mocd of the other before deciding on
what course of actiomn to take.
Teachers adapt their responses and behaviour according to
the situation which confronts .them. during  each
lesson.However a more difficult phenomenon to explain is
that of pupil-group behavicur in the classroom where there
does not appear to be any premeditation. This type of
behaviocur is not easily understocd since it can arise one
day apparently spontanecusly and yet another day the group
will behave quite normally.
When teachers discussed their groups they often gave the
impression that when behaviour did not conform to an
accepted norm the whole group was involved, but the
question which must be asked was whether it was im fact a

whole group phenomenon or whether it was the influence of a
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poverful sub-group which was able to dominate the lesson
and generabe this feeling of apparent unity.

‘We have studies of teacher sbtrategies and of pupil
strategies but mothing so far as I an aware on patterns of
relaticnships bebtween the two beyornd the vague concept of
negotiation’® (Hammersley cited im Hull, 1985, 3).

&t other times it is quite clear that one small group of
pupils may behave quite separately from the rest of the
group and teachers tend to imagine that without such pupils
the working atmosphere would improve, but then it is not
known vhether their absence would simply allow another
dominant group to emerge. =

Certainly there were several occasions when the point was
made that whole groups arrived at lessoms inm a very ‘high’
condition apparently because they had been released from
another lesson which.had generated great excitement so that
the teacher faced with this situation bhad first to try to
establish a working atmosphere.

This delicate process of negotiation could be affected by
many factors. Bad weather, particularly when snow
threatened, usually resulted in classes being unsettled
because they were uncertain about whether they would get
home. High winds seemed to have a very unmsettling effect
upon classes and tended to make them more moisy.

Over a pericd of weeks the department was involved in a
long dispute with the Headmaster over the allocation of

technician-time and on one cccasion the Head of Department
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arrived twenty minubtes late for his lesson and was clearly
very angry - that particular lesscn went very smoothly
perhaps because the class was not prepared to risk a
confrontation. On another cccasion an unscheduled medical
inspection disrupted a lesson as puplils were called ocut at
intervals and then returned eager to tell everyome what had
happened. Industrial action by teachers affected Ilunchtime
supervision so that pupils were often in a more highly
excited state than normal when school resumed amd staff
then had to spend time settling them to work.

@l Lime Lbere ié an uousual occurrence ln the classroom,
even something as siwmple as amother- teacher entering the
room, the process of negotiation has to begin again. Each
side has its own expectations of a lesson and weork can only
proceed in a satisfactory way whén both agree on a state of
eqﬁilibrium which will hold until something occurs which
once again tips the balance. Teachers have their own ways
of dealing with groups and in much the same way pupils
establish methods by which they can deal with the teacher.
One teacher admitted that one of his ’coping strategies’
took the form of °‘bending the rules’ until he and the
pupils had accepted a workable compromise. Of course there
can be occasions when the teacher sipply uses his position
of authority to maintain order and his version of a
suitable working atmosphere, but this is temporary because
eny attempt to sustain such a regime om a permanent basis

would risk a permanent breakdown in relationships.
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*The  message is connunicated quietly, Insidiocusly,
relentlessly and effectively through the role of the
teacher, the role of the student, the rules of their verbal
game, the rights that are assigned, the arrangexrents mbade
for communication, the °doings® +that are praised or
censured’ {(Postman and Weingarbtmner, 1971,33}.

An element in this negotiation between pupil and teacher
could come from the use of the profile report., if it was
seen as a point of comtact. {See Appendix F) Pupils could
express their feelings about the course and the teacher
could express opinions about the pupil’s reactions to 1it,
but there should perhaps be a point where the two meet to
discuss what each has written so that it forms part of a
two-way learning process, rather than merely being a
catalogue of negative remarks asrit very often appeared to
be, since this might only generate animosity and
ill-feeling on beth sides.

In a seminal paper on pupil ipvolvement im curriculum
development and Iinnovation, Hull {(1985) describes methods
by which %teachers and pupils might come together to apalyse
the task of classroom management, and the introcduction of
innovatory teaching practices.

Video tapes of current school practice and of the
innovation as it was practised elsewvhere were shown:
’Discussions which followed the feedback sessions were
incisively analytical with respect both to their own

practice and that of children and teachers in the other
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school’® (Hull, 1985, 3);

this apparently confirmed the research hypothesis that,
*pupils could Join with their Gteachérs irn critical
appralisal of the aims and Iipplicaticns of pew forms of
school  work and that such discussion did prove to
facilitate irmplementation of innovation in the
classroom. ’ (ibid p.3)

The 1logical extension of this research was to involve
teachers and pupils in the analysis of the normal classroom

situation in the hope that it would create the essential
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The capacity of pupils to be constructively analytical
about their learning experiences seemed to be demonstrated
during the present research. ?upils did not appear to be
merely acting a part or playing a game, but were genuinely
ple&Sed to be able to talk opénly and freely about their
lives in school: the noticeable feature was that they were
anxious that their teachers should be allowed to read their
comments;

It is clear that this would have been a much more potent
exercise if both groups had been able to watch examples of
classroom interaction together making comments to each
other perhaps through a ‘neutral’ chairman.

Much of the research was done with small easily identified
groups of pupils who were to some extent regarded by some

teachers as non-cooperative and disruptive, but Hull cites
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Bruner’s view that such behavicur 1is itself a form of

communication since <the classroom often allows them no

other avenue for a *eritique of classrocm
experience’ (Hull, 1985,5) - what Brumer called ’enactive
negotiation?’.

Hull’s findings seem to be similar to those of the this
study:

*Pupils do, indeed, ‘’grow’ into valued and responsiblé
colleagues when they are provided with the opportunity to

do so by their teachers. Furthermore the pupils who appear
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status tend to be those who conventionally make up the
front line of disaffection. The single clearest cutcome of
both studies to date is that pupils who are
characteristically °disruptive’ in classes turn ocut to be
the most  penetratingly  aralytical members of the
researching class.’(Hull, 1985,5)

It may be that the groups of pupils chosen for interview in
the present research had, by their behaviour during
lessons, helped to confirm some subconscious ideas held by
the writer. The views they express may not only reflect
their own bias, but alsoc that of the writer. It is hoped
however that this research will inspire critical
self-analysis within the department. If as a result of that
exercise the department concludes that the findings are not
an accurate reflection of the situation then &at the very

least it will have focussed minds upon a number of ceantral
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issues.

Observaticn in the classrocm cannot provide a full picture
of events any mcore than a camera lens can show everyvthing.
The observer selects what he considers to be imporbtant or
significant and in so doing may reject or miss much that
may be regarded as being egually Iimportant. In the
classrcom it 1is impossible to concentrate upon the speech
and actions of the teacher whilst simultanecusly recording
the reactions and remarks of all pupils. Any record may be
regarded as a caricature or sketch which, if skillfully
drawn, will iiluwinagos uac csscotizl feztures  nf the
classroom and sharpen the awareness of the participants.

There is a sense in which the report of a study is only a
beginning since it is possible with hindsight to look back
and see how to change and imprové what has been done and to
see other avenues to investigate. In the case of evaluative
research there is no opne solution since case-study research
always involves ’the study of an instant in action® and a
different researcher or a different time might lead to an
entirely different analysis. (Adelman et a8l,1978) The
present research suggests a number of questions which
others wmight choose to address: how effective will the new
Nuffield Combined Science course be in developing genuine
interest in science amongst mixed ability groups im
comprehensive schools; what strategies could be adopted, or
have been adopted, to try to solve the problems which the

complexities of scientific language create and research
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into the effect on girls attitudes to science if there was
a change in emphasis away from the male orientated concern
for change, discovery and invention to a greater ccncern
with the implications of science con people’s lives.

Perhaps cne of the more exciting topics for fubure research
concerns the problem of ‘negotiation’® between teachers and
pupils and whether it would be possible for teachers to
accept pupils as partners in curriculum development and
innovation so the gquestion of ‘us and thewm’ would cease to
exist. If teachers were prepared to °‘grasp the nettle’ then
achieve true partnership in education and comnsiderably

enhance thelr own professional development.
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APPENDIX A

Social, Pastoral and General Aims

lb

To reccgnise both the value of the individual and the needs of the

community in which the individual is placed.

To provide for the particular physical, intellectual, spiritual and
social needs of each individual and to meet these so far as is

practicable within a caring community, so as to promote secure

self respect.

To develop in the individual, self-awareness, moral courage and
concern and respect for others expressed in sensitivity, tolerance
aﬁd co-operation.

To recognise and foster the basic virtues of honesty, reliability,
diligencey sincerity, kindness and reverence. .

To recognise that the school, the family and the community interact
with each individual and with each other and to develop appropriate
relationships, contaciSQ and means of communication, the school

recognising its obligation to contribute actively to the community.

(These aims will not only be reflected in the general organisation of

the school but will have implications for the ways in which curricular

aims are implemented).

Curricular Aims R

lﬂ

To encourage an enquiring mind and to foster a lifelong desi;e to
learn,

To equip each pupil with skills in learning and self assessment.

To encourage clear thinking and discrimination, and the ability

to be self;critical, particularly in relation to fact and feeling,
bias and prejudice.

fo provide oppbrtunities to make individual judgements ahd;decisions,

to translate them into actions and to evaluate their results.
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To encourage striving after high standards and perserverence, in
every aspect of erdeavour.
To develop the physicalg_emotional and irtellectual strength and

resilience to cope effectively with the demands of the future as

well as the present.

To enable each pupil to acquire the skills and qualificatibns
necessary for securing, entry to, and progress in, future employ-
ment and, if appropriate, further or higher education.

To develop the ability and willingness, to communicate orally and

by méahs of writing, numbers,'stbols and the Arts.

Tc develop the ahilityv tn follow recoond $o oRC sustain an SLyue 1t .
To develop creativity. |

To present to pupils a balanced selection from the total of human
knowledge and understanding, recognising the intef relationship of

all knowledge.

(The above curricular aims overlap, toc some extent, the social, pastoral

and general aims of the school just as the curriculum itself necessarily

implies certain pastoral, social and general values).
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CENERAL AIMS OF THE DEPARTMENT

1.

To participate in the aims and cbjectives of the school with

emchasis as is appropriate tec the subjécto

To work together In a corporate, Integrated and consistent fashion.

To be fuiiy prepared for scheduléd‘lessons and to be ccnstantly

aware of the meaningfulness of what we do. |

To provide adequate guidance to other members of the staff, to

parents and to pupils.

To ensure adequate discipline in laboratories such as to procure

safety and good learning condiitons balanced with sufficient

freedom of speech and movement as is required to get the best

sCience from both individuals and groups.

To regularly assess and monitor the progress of each individual

for whom we are directly responsible. “

To encourage in the pupils:- ,

(a) a lively curiosity about and awareness of the total environment

(b) a realisation that all;that>happens.ha§ a cause

(c) a questioning cf statements that are not supported by adequate
proof '

(d) an ability to make and carry out careful plans for solving
problems

(e) the necessity and desirability to make careful and accurate -
observations

(f) an awareness of the dangers of jumping to conclusions by not
having enough facts or simply by being hasty

(g) a readiness to change an opinion or conclusion if later evid-
ence justifiés this

(h) the value of making reasoned judgements which are not influ-
enceduby‘pérsdnal likes

(1) é WiilingnéSé to,work in gioups, to lead or be led, and to see

oneself in relation to others.
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SCHEME OF EXAMINATION: INTEGRATED SCIENCE A ang B CSE MODE 3

REGIONAL. ASSESSMENT

A written examinaticn consists of three papers. Each paper consists of

A and B sections.

PAPER I - A and B Objective type questions
1 hour each section 40% + 40%
PAPER 11 - A and B Larger structured guestions
3 out 4 questions eath“section 30% + 30%
5 III - A aid B Questiohs requiring 1argér prose type answers

3 out of 4 guestions each section

AIM OF THE EXAMINATION

To measure the extent to which candidates show that they are able -
1. to recsll and understand those facts, concepts and patterns which
would enable them to make use of science in work and leisure

acitivities,

2. to understand specific patterns which are of importance to the
scientist and which lead to better understanding of the world we
live in,

3. to identify and use patterns necessary for the solution éf scien-
tific (including social and environmental) problems,

4, to make critical appraisal of unfamiliar information as an aid to
the formulation or extraction of patterns and the solution of
scientific problemé,

5. to organise and formulate ideas in order to communicate to others,

6. to_understand the significance, including the limitations, of

science in relation to technical, socialkand'ECOnomic development.
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SCHOOL. ASSESSMENT

Aim'1 - 6 to be considered and;particular attention to be paid to oral

and practical work during the last five terms.

The examiration does rot seek to examine content in the traditicnal

way.

Examination questions are designed to be in line with the methods and

philosophy put forward in the Schools Council Integrated Science Project.

Table showing hierarchy of difficulty and complexity upon which gquestions

will be based.

The concepts and patterns which are examined may be divided into three

groups:
Group 1 -~ Building blocks
Group 2 - Energy and change
Group 3 - Interaction and change
DIFFICULTY D
 COMPLEXITY 1 2 3
‘l.‘Recéll of concept P\\\\\\

. Recall of pattern SECTIONS A

2
3. Understanding of concept

4. Understanding of pattern \\\\\\\ o

5. Pattern finding SECTIONS B8

6. Problem solving

It appears that both areas under 2 in the chart above cause pupils the
greatest difficulty when they are required to answer the structured

questions.

Although I had limited data available to me on the results achieved by

- the top ability set it did seem that although their marks were higher
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overall on all sections of the examination paper, they too experiencéd
the greatest difficulty with the same areas of knowledge and its applics-

tion in answering longer questions.,
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TAPE. TRANSCRIPT

3rd November 5,SCIsP

2
9.35 = 10.45 : Tzacher: Mr. S.
May I borrow a pencil?
Anybody require a pen or a pencil now?
I've got one, but . . . (lost in background noise).
You don't need it now, get it at break. (Some other

muffled voice).

Doubtful, doubtful.

Now tve accept colour., mnst nf us  ae something
taken for granted, 'cos in normal daylight and most
of the artificial lighting we do see things around
us in colour. In fact without even stopping to
think what the colour is and where it comes from.
We had a clue where colour comes from when we
passed white light thfough a prism when we acciden-
tally almost were thrown into the whole business of
the full spéctrum of visible colour. Now we got
to'tﬁe point where we recognise that those are
separate qualities of light because. of their
different wavelengths, so in a sense the pfism
analysed the colour_and'we put that to advantage by
putting in a piece of apparatus called a specfrometer
which we used to analyse the wavelengths from three

sources.

Now many Americans have dismantled old English

buildings and taken them out to America and rebuilt

~ them again - not as reblicas, but as the identical
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thing apart, perhaps; from a few modern innovations
like new modern cement and so on. If we break down,
we can build up - we've seen this with some chemical
reactions which‘take it one way, get scme substances,
“and then oy treating them appropriately we can ge

back to where we were. Scometimes we can't.
It's always on the cards that we can reverse pro-

cesses, so if we can break down white light into all
the separate colours perhaps we can think about
putting those colours together again to méke white
light. Now there's one snag here because at primary
school when you dabbled with colour‘ypu‘were playing
with paints in the main, and everybody remembers the
mucky mess they made when they mixed paints. You
think you'll mix this with that so you mix blue with
yellow and you get a beautiful greeny'but you're not
cbntent,with that so you wonder what you'll get if
you mix everything together - and what do you get?
(Several inaudible reépbnses from pupils).

MR. S. Well 1 imagine they're mucky, but can you be more
precise. What do you get?

SEVERAL VOICES. Brown.

MR. S. Brown. Brown, dark grey, mucky grey, dirty purple.
Yes, you get a dafk colour. Whatever you mix you
gradually get”deeper and deeper into a dirty dark
mess when you mix colour. But there you're mixing
pigments, you're actually mixing the chemicals
which send cut all the light meSsages and getting
them all tangled up in a mess. If we paint them,

however, on a card like that, just for the sake of
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it, we've painted them in lots of three . . . shine
white light on to them so that ycu get those messages
into your eye of yellow‘9 green, pale blue, dark blue,
violet, red, so en = all the colours of.the.rainbowQ
And then we spin them, and we 21l know about illu-
sions . . . if we spin those colours you're going
to have a job on to follow say the green because
it*1l be moviﬁg . - o and we“re going to have a job
following the red so what your eye eventually will

do . . . it'll become so comfused that it accepts

ATT Ao

all the Coluurs and is unable to sort them so what
happens naw is something that starts happening in

your brain - your'eye must pick up the messages,

but your brain cannot sort them out fast enough to

separate the colours, so as you mix those colours in
your brain - or as you mix them - I can't do it -
what's the first thing you hotice that°s different
frbm:What‘s happened when you mixed those .colours

at the primary. school?

(Inaudible reply);

Pardon?

Starts going lighter.

Starts going lighter instead of darker . . . sp
instead of the expected mucky mess, dark mucky mess,
you start_to get a lightér mucky méSs if you like.
As we go faster and faster we approach whiteness.
Well that's és hear as we can get with Ehat illu-

sion . . . But it's not really an illusion because

‘it’s telling us something about colour and light.

It's telling us that in reverse to what we did with
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the spectrum produced by a prism, we can take those
colours and put them back together again to make
white light. So what in effect that disc does, it

behaves cgre, = when it is spirning, like a white

screen, 'cos if we shone the white light on a white

screen it would send back to you a white light
message, because it would be reflecting all the
colours that were hitting it, back in the same
proportion that itvreceived them so that you don't

notice any difference.

If, on the other hand we shine white light on a red
screen, a red book, a green book, anything over
there, well you can see them . . . (unclear on

tape) . . . I won't switch thié off yet, but the
reason why you can see the blue and the red and the
green and the brown there is because the white light
hits them, but for some reason or other whatever it
is, they are coloured with, won't let all‘the light
that hits them come back ﬁo your eye. So the white
lignht hitting the green file . . . has only the green
sent back to you, only the red is sent back to you
from there . . . What happens to the red? . . .

Well that's another stbry, something to think about.
We know it's all going there, but we can see quite
clearly that only some of it is coming back to us.
Let’s take that a step further by gathering round
héréo m’g

(The group move stools around the front bench).

Can somebody get thosefcurtains tight together
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please? Sunbeams coming through, it's a bit of a
nuisance . . . as soon as you don't want the sun it
comes oLt . . o
{Long pause and clicking of switches as Mr. S. sets
up the apparatus). Right. UYe can see that we’ve
got three colours - do you recognise them, those
that do art?
(Equipment sﬁows beams of red, green and blue light).
Primary colours . . . (some other remark muffled).
Not primary colours? They are primary colours.
S Mr. S wWIong I;LhuughL they were.reo; plue and
yellow).
If those were paints and you mixed gfeeh with red,
what would happeﬁ? |
Brown.
Get a darker colour, you get brown. Now, these are
not pigments, these are . . . (a cough prevented
transcription here) . . . whicﬁ have been produced
by paésing white light through a filter. Instead
of the light bouncing off something it is passing
through something to get to your eye. So we are
starting off with roughly white light, that's the
bulb inside, but somehow or other the filter in the
front is allowing only the green through, thé red
through or the blue through. So we're getting as
far'as we possibly can, light of only one wavelength
or a certain mixture of wavelengths, it's difficult

to get it pure.

If you mix those in a .paint box, right ycu all agree

you get brown, but if we mix them in light we get
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something that’s lighter, which goes along with that
spinning disc, and we're getting something that's
approaching‘uhat?
Yeilow. |
It's a yellow .. . . yellowy-orange. VYes.
What is missing to make that into white liéht?
that wavelengths are missing? . . . (Pause accom-
panied by more clicking of switches). Come cn,

what wavelengths are missing to make that whiter?

A(Pupil speaks one inaudible word).

(Igna:es :;spon;e); Thinsk OF youT Iainbow. You've
got . . . Think of the region around green, the
region around red. We've got obviously blue
involved. |

(Karen is séying "Ultra-violet™ over Mr. S's voice).
. . . there it is the short waves are missing.

Not the ultra-violet, because it's . . . that's not
Visible?‘so you can pfedict what will happen to
that patch in the middle if we add blue to it.
What? |

Lighter.

Lighter still, but remember what would happen in
paint. You'd have brown already, if you add dark
blue to the brown it's hardly worth thinking about

is it?

So right in the middle there we've got a patch of
lots brighter light and we've got to fish for hours

to get the brightness of those lights such that we
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will get that white in the middle . . . prcbably
never get there because we don't quite know what's
missing. |
(Scurd. of more clicking).
It”s‘not that ore.
(More clicking).
(Boy makes a muffled comment about the'blue)°
You think that blue's too bright? Well it isn't
you see because you see the trouble . . .
(Several voices speaking at once).
Vo want fo keocs that ©Td 1ow.
(Followed by a comment about the green).
You never get there with this . . . filters are not
pure, but what we can do, we can try the other
mixtures. If you mix blue and green in the paint
box you get a very dark; deep green. If you mix
blue and‘green in light, you get a nice pale
“turquoiéey' blue . . . peacock blue I suppose we
could call it. If you mix red and -blue you get
deep purple.
(Laughter, is this pop culture coming out? Switches
clicking). ’
Great.
(Ignores laughter). But if you mix it in ligﬁt you
get this shocking pink sort of colour . . . very
bright, light colour. The main thing is that when
we mix light, not only do we change the quality of

what we see, but we also get obvicusly more light
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because we’'re putting . . . adding light together.
Right? |
So you actually see it brighter and lighter because
there’s more lighto. Now we've seen other cccasiors
where we can use iceas in the lab . . . you saw
with the (inaudible) where we can use it on the
stage. We've seen the ultra-violet . . . that we
could use with'special lighting effects and of course
tﬁé commonest lighfing effects are used on the stage
are coloured spots . . . 'cos you can obviously
do . . . work magic on the stage with colvured
spots if you know what light can do, OK? Right,
that's it.
(Group move back to own places).

MR. S. Can you just make some notes while they're fresh in
your minds, about these ideas of ecolour mixing,
comparing what you've done in art with paints with
what we've just done in light, which is something,
perhdps you've never done before . . .

Was anybody absent when I showed the ultra-violet

writing?
KAREN, Was that on Wednesday? i
MR, S. Yes, you'd better come and have a look. Do you

want to see this Mr. 7.2 . . »
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TAPE TRANSCRIPT

20th November, 1984 4(1) SCISP
Time: 2.35 - 3.45 Teacher: Mr. R.
MR, R. . o - and which stbstances have reacted together.

BOY.

MR. R..

LOUISE.

MR° RO

BOY.

MR. R.

Now so far we've had two ways in which we can arrive
at how many moles we use. One of these of course
is to take the substance, like a piece of magnesium
ribbon and do.what?

Weigh it.

Weigh it. Having weighed it, what kind of thing
should I weigh it in Julie?

(Juiie's answer not audible on tape).

I need then to be able to find out how many moles
I've actually got in that piece of magnesium ribbon,
so I need-to know something else. What else do I
need to know?

How many things thgre are in the . . .

No! What else do I need to know? I've got the mass
in grams of the piece of magnesium ribbon.

Atomic weight.

The atomic weight. WWell done. I need to know the
mass then . . . Don't talk . . . of a moleyof that
particular element. In the case of magnesium
remember this was 24, we did an experiement oﬁ it.
Twenty-four grams then was one mole of magnesium
ribbbn, I've only got less than that . . . I have
in fact . . . Mrs. C. weighed this out for me . . .

I've only got in fact, 0.05 g, 50 to convert that

‘into moles, I have to do what? . . . I know the mass
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SEVERAL VOICES.

MR. R,

BOY.

MR. R,

ROGER.
MR. R,

BOY.

of one mole, how do I'?ind how many moles then I've
got left? . . . (long pause) . . . If I had 24 g how
many moles would I have?

Ore. |

Cne mole. How did I work that cut? I divided . . .
Twenty-four by twenty-four. '
Twenty-four into twenty-four. The mass bf one mole
into the mass 1'd got. If I°d 48 g, how many moles
would I have had then?

Two.

Two moles., If I've only got 0.05 g, how then do I
find how many moles I've got?

Point-0-five . . .

Over twenty-four. So that would tell me then how
many moles. That's one way. That was the way we
learned first. The next way when we weré trying to
find moles and the ratioc of moles, was using a
solution and we wefe not dealing then with just

single substances, elements or compounds, but they

were -in water. To find how: many moles I had then I

had to look at what ii said on the bottle? In this
case it says, 0.1 M. What does 0.1 M mean, °Roger?
Point-one-0. (Several othér voices help out).
And what does that actually mean?

Tenth of a litre . . . (Several other voices). In a
litre.

A tenth of a mole dissolved in water. Now someone
here said dissolved in a litre of water. Hands up
those of you who agree with him. Tuo of you, three

of you. What does it actually mean? It‘'s not quite
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the same . . »
(Several voices not transcribable).
That's right, mace up tc one litre, so in other
words, 1 would Have to weigh out, the sum of tre
atomic mass of potassium plus bromine, dissolve it
in water, make it up to a litre. That woula be one
molar, so in fact I would only have to take a tenth
of that to make it up to a 0.1 molar solution. Now
ifvl“d been here yesterday there was something else
you were going to learn, another way in which we can

work out numbers of moles.

For many substances we don't have.them in water, we
don’t have them solid, we have them as a, as a gas,
and for them obviously if you were weighing out, if
you imagine this say, a mole of oxygen, Sﬁeila o o o
A mole of oxygen would be 16 g of oxygeagtcié g of
oxygen(j:;)f you iniagine it, would be a lot, it would
be very difficult to weigh it so we really need
another way, because if’we take a mole of any
element . . . at conditions that are the same . . .
Why would that be important for volume? You were
learning about this yesterday, when I was away. Yes?
Heat.

Heat. Yes. If I increase the temperature what
happens to the volume, Martin?

It would get more.

It would get more, yes. Uh! If I cool it down it

would get less. So I have to take into account the

‘temperature, what else might affect the volume?

Pressure.
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Pressure. So that’s scmething else you learred
about., If I increase the pressure, what happens
to the volume?
{Next voice is no; picked up on tape).
Less. CK. VYes, so that’s it, yes . . . if it gets
less then that’s it. Now if I'm going fo talk about
volume having any meaning, I'm going to have to
specify that. So I specify what I call Standard

Temperature and Pressure., 1 abbreviate to S.T.P.

(writes on board). and what I choose to have is

, ) o
* standard temperature as CC and standard pressure as

one atmosphere. Sometimes I.quote that in degrees
Kelvin, the absolute scale - that is that?

273 K. ,

273 K, Well done, and so I specify (writing on board)
volume in those conditions, and the interesting
thing is this really, %hat.if I were to look at the
whole range of gasées9 carbon dioxide, nitrogen,
oxygen, sulphur dioxide, whatever, and if I were to
measure the volume, not of an atom, because some of
those are compounds, it would have to be an avagadro
number of molecules, in other words a mole of them,
I'd find that they all have the same volume approx-
imate, that is and that volume is 22.4 litres.
(Writes on board). Can anyone tell me what 22.4
litres is in centimetres cubed? . . . How many
centimetres cubed in a litre?

A thousand.

A thousand. So in other words this is the same as
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2240C cm®, (Writes on board). So in other words if
I have, just like I had a mole weighed out of this,
having the same number of particles, or a mole of
this having.thé sare number of particles, or if I
had a one molar soluticn, I'd have a litre of it,
having one . . . one mole of particles. If I have
22.4 litres of the gas under those conditions, I
would again have a mole of particles. So it's got
us another way of counting, counting units9 that

a mole of particles of gas, we can work out in that
kind of way. If I have got 22.4 litres of carbon
dioxide, 22.4 litres of ammonia, if they reacted
together exactly, what would it mean?

One to one.

It would be a one to one ratio in terms of moles, it

would also be a one to one ratioc in terms of

individual . . .

Atoms.

Molecules.

Not atoms. Molecules, that’s right. So it gives us
another way of finding moles . . . counting moles.
Now the experiment you're going to do is dne which -
uses two of those ways. We're going to use the way
we started off with, the way which should be familiar
to you to find the number of moles of.magnesium°

How do we do it? . . . I know the mass of it. I
know the molar mass. 1 dissolve, as Zachary says,

one into the other, to find the number -of moles of

. this, and 1'm going to react it then with some

0.2 molar HC1 . . . I want it all to react, so I can
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relate how much (word not clear on tape) . . . is
the magnesium, so how much of this will I use?
(MuTfled voice not transcribable).
More than, I néed-this in excess, so Mrs. C. has
given you plenty of this, so that all of this will
react completely. And what's the gas? . 0.0 tell
you should be able to tell me, some of you, I've got
hydrochloric.acid; magnesium ribbon.
(Muffled voices).
Metal and acid . . . We've got some people here
telling us . . . Anyone else? It gives us?
(Several Mutterings). |
Hydrochloric acid and magnesium ribbon. He's trying
to tell you.
Hydrogen.,
Hydrogen, that's right . . . So . . . Listen please
don‘t play with that . . . So we get hydrogen gas
bubbles, and I was talking to Mr. 7. before the
lesson about these. (Refers to gas syringes).
These are ways of collecting gas, the gasvsyringes
of this sort were produced . . . well there weren't
any when I was at school, about 1960°‘s soiution, and
although they seem relatively loose they are gas
tight. It's quite amazing always to me, and’what
we'll be doing then is starting off with this so
that it is at zero, and as the hydrogen gas is

produced allowing it to fill this up till it stops.
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Now you can help it a little bit, but I don’t want
you trying to drag it up like this because you’ll be
dragging all sorts of contents of the boiling tube
through. You need just to ses that it is lcose, $O
if you twist slightly as it's doirg it, it should
itself . . . the pressure inside, move it. You can
adjust it then just so that it is in fact there by
its own preséureD the same as atmospheric pressure.
And it should then register how much hydrogen is
produced. If, for example, I got 60 cm® . . .
Just leave it please . . . 50 cm® of hydrogen pro-
duced, how could I find then how many moles?

GIRL. Divide by the volume.

MR. R, By the volume of . . . I thbught you were going to
give me the right answer then . . . I've got 60 cm’®
of gas then, produced, how can I find how many moles?‘
+ » - What do I know about one mole? . . . It's on
the board behind me.

BOY. 22400 cm’.

MR. R, That's right, 22400 cm® would be one mole. I'm
never going to get that in a syringe like that, so
I just have to find what fraction of a mole I've got}
So if I've got 60 and I divide by 22400 it will tell
me how many molérs of gas I've got produCed° ’Yes?
You follow that?

GIRL. Do you just divide that . . .

MR, R, Into the volume, 22400, just like we were doing with
masses to standardise that, because one mole in mass

- was 24 g and I divided by 24 to find out how many

moles 0f~solid‘1 had.
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The mole standard for gas is 22400 cm®, so if I
divide that into the volume, I get . . . I find then
how many moles of that are prchced, Coes that make
sense? And so 1“11 te able to relate this,; as you
were doing as you were telling me before, the mcle
ratio. If say, I found that I had 90.C2 moles say of
magnesium, and it produced G.06 moles then of
hydrogen gas, what would that tell me? Somecne’s
not listening. Point-0O-two moles of magnesium
produce 0.06 moles of hydrogen gas would tell me the
ratio then would be?

One to . . &

Gne to?

Three.

Three, so we get the ratio of the magnesiumo I
start off with the hydrogen . . . Right, I°'ll put a
title then up on the board for this. Before I get'
on to the experiment put . . . before you get on to
the experimeht part, I think I“d better just put é
little bit of introduction about what we didn’t do
yesterday, so you know what you're on about, and
then I'11 put a table up for the results, and you'll
be able to get on with the experiment. 1I°'11 require
again the method . . . (stools banging as the group
begins to move) . . . Just a minute, wait . . . and

1'11 require results and a drawing.. 0X?

So first write what I put on the board and then . . .

{Group move back to their cwn»places accompanied by

‘considerable banging of furniture).
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PART OF THE TAPE TOWARDS THE END OF THE LESSON

mo RD

BOY.

MRo Ro

Right, stop please . . . will you lock this way
please . . . (long pause) . . . just in case, and
there are scme people don’t seem too clear at work-

ing this out.

To work out the moles of magnesium, divide the mass
of magnesium @hich Mrs. C. weighed for you, 0.05 g,
by the molar mass 24 g. I've given you an example
there if you were still in doubt, it's actually the
one that's the same for everybody so that's straight

forward.

For the moles of hydrogen produced . . . Be looking
please, Janet, John . . . Divided the volume in
cm® by 22400, that gives you your moles of hydrogen

gas‘produced. OK?

Now many people have got a ratio that is about 0.002
to 0.003, I won't tell them whether it's right or
wrong or not, we'll look at that in a minute, but
what would be the properties then of moles magnesium
to moles hydrogen? Point nought, nought, f@o to |
point nought, nought, three would be?

Two to three.

Two to three . . . Continue looking please. Come on,
Nichola, otherwise you won’t understand . . . I'm

going to . . . I've written here, as I said before, the

word equation, let's mow just try and write in a

formula then. I've put the symbol for magnesium.

Magnesium is a solid, we normally put a little 's’ in
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BOY.
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LOUISE.
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0

2Ef

TS

brackets to signify that. Hydrechloric acidg of
course, is in solution, in water. What's hydro-
chloric acid made up of? What elements are present?
Hydrogen and chiorine°

Hydrogen and chlorine. In fact that's the formula
for hvdrochloric acid, simply HCl, but the fact '
that it's in water . . . I don't think I've mentioned
this to you before . . . we signify it by putting a
little fag', which stands for?

Agqua.

Aqua.

You have mentioned it before.

Have I? Thank you for reminding me. " It's nice to
know I have done it for once., And what are we
getting produced, magnesium chloride, would be MgCl?
Two . . . one.

Now the valency of magnesium is two, I'm afraid the
chloride is one, so whét should the formula of
magnesium chloride be?

MoCl,

MgCl,, and that was in water at the end. W4hat can I
put then Louise, you told me I've been menfioning it,
what can I put for a gas? . . . Like I put agua and
's' for solid.

You didn't mention anything about gas.

gt

'g', yes, that's right . . . and the arrow upwards,

. i
Sheila, means of course gasses tend to . . .7

.(Several voices taking drown any reply).

Right . . . Not yet, I haven't finished yet . . .
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There's one thing further we reed to co. If I was
finishing this eguation . . . balance it. 1Is it
talanced? . . . Hands up those who think it’s
talanced . . . No ene, right, so it cbviously isrn't,
I thirk it's balanced.

Is it balanced then, Louise, with regard to.chlofine?
No.

No, it's noto‘

Because?

It’s two on one-side and one on the other.

Right. How can I balance it then?

Put one on the other side.

Put a two in front of that HCl.

Yes.

(writes on board) 'so there we are. Is it balanced
now?

Yes,

It is, yes, and when it's a balanced equation that’s
a corréct.equatiQn. You can see how that checks
with what you've actually found. What we should
actually be writing, of course, should be three, two
of them should, according to your results, %ith |

three of those.

Strictly speaking . . . I mean your results are
correct, what you've done, but then we don’t get toco
confused and .get all sorts of rather strahge equa-
tions. We should have been . . . I don't know why
it should have been so.consistent, two to three, it

should have come to . . . what . . . about . . . one

‘to three, one magnesium 0 . . .
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BOY. Two,

MR. R, Two? Remember, the number of moles are not moles of
hydrogen atoms, but hydrbgen molecules, so it was a
one to cne in‘terms of moles of hydrogen in our
equation. What you were trying to tell me was it
was two moles of hydrogen atoms, but threé moles of
hydrogen molecules. Yes? What in fact we should
have been finding, and therefore then we're not
getting too confused about it would be that we get
one mole of magnesium atoms giving one mole of
hydrogen molecules. Yes? So put what you get and
explain what we would have expected as well, and

you can give that final equation . . .
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TAPE TRANSCRIPT

Wednesday, 5th December stCISP

Time: 9.35 - 10.45 : Teacher: Mr. S.

MR. S. Gary, leave it.

BOY, Eveball, eyeball.

RACHEL . Rachel isn't here.

BOY. I've already got tuo.

SUE. Ugh! They go quickly if you don't cover them.

RACHEL . . o o don't they Bez.

SUE. That's what we said.

MR. S. Have we got anyone else who should be here?

TINA. Sandra.

RACHEL . Oh! Sandra. -

MR. S. Sandra‘'s here is she?

KAREN, Yes.

RACHEL . She's gone to see Miss D. Yes. .She said something
about it . . .

KAREN, An eyeball. (causes laughter).

BOY. Thank you.

MR. S. You can't leave it can you, Gary?

RACHEL . I'm dying to cut that up. ’

SUE. Onh no! Rachel, you can do it if you want.

RACHEL . Emma, you've got to do it all by yourself. Whose
eyeball is it? Sheep?

 SUE, Sheep.
MR. S. OK. Put this heading down (writes on board) . . .

I think we’re now clearly well convinced there's a

) whoie range of waves high to low frequency that we

call eleétro—magnetic spectrum. Only a very small
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range of that are we able to receive as direct
messages which we can interpret, and we do this
through our eyes, and the wavelengths we call the
visual spectrum. It seems reasorable to try and
find out what it is, about our eyes that enables us

to process things with.

Now you can‘t get far looking into your own eye
without special equipment that opticians use, which
we don't have access to. We can't get a supply of
human eyes, the next best thing is to use sheep's
eyes, which sadly today are in short supply. All
the eyes we've got in the department are on the
table. (laugnhter) This was because of an oversight
at the butchers, he'd forgotten to gouge out the
sheep’s eyes over the last six months. W®e've had

a rush around. It's doubtful if 51 will get any
eyeballs,

They can have ours. (A lot of noise from group)
ARlright come on . . . So to find out what's inside
an eye to try and interpret what the . . ; is there,
we must get inside it, look into it and we do this
in as technical a way as possible. We don't rive at
it, we don't chop it without a little bit of fore-
thought . .

I'm not chopping it.

I am,

. . » but before we do that and the whole thing be-
comes unrecognisable, just have a look at the eyeball
itself. See if you can recognisé anything on the

outside of it .
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We haven't got an eyeball.
Course we have . . .
. . o draw . . . back a bit and make a few notes
about what you've discovered just by looking at the
outside, what you think is there.
(Much squeaking and laughing as group begin to touch
eyes).
Hey Bez! He's looking at you.
It's like jelly.
You can touch it; it's in presefvative e o o if
you‘ré squemish and you don't like it to be in
contact with your skin, you can use paper towel to
hold it or even foreceps to hold . . . to hold it.
(Again much laughing and giggling).
Alright, alrighf, don't be silly . . . Emma (sharp
tone).
What? (hurt tone).
Eve;y time I_lbok round I see your grinning inane
face. Now”wiil you settle down.
(quietly) I'm just a happy person,“
Go on Emma get it picked up . . .
I can't.
Eat it, go on eat it.
Oh yes, it‘'d be nice.
Rachel, how can you do it?
It's just like touching a piece of meat. Go on,
you do it . . . it's just like touching a piece of
meat, it's just being soft.
It's not fair.

Three points to consider. I've put on the blackboard.
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(Girls continue to work some making varicus noises
of ‘disgust).
Don't sguash his eyeball.
What®s the matter?
Look don’t. Will you leave it? No. I'll do it
in my cwn time. (Note of panic in her voice).
What's that? Come here, Come here. What's that?
What's that? (Emma continues to protest).
dottom of your eye.

That's your eyeball.

‘Ohﬂ Your eyelid,

An eyelid.
I don't know how you can touch it.

What do you think that stuff is?

Is that like the retina?

No, that's . . .

Skin.

No, no. Don't think of anything pre-conceived.
skin.

That stuff . . . Look at it . . . You've worked in
the.kitchen haven't you and you've seen stuff like
that.,

Muscle, skin, fat.

What are these bits of, this stuff look?

Meat.

Yes, bits of fibrous meat look, you've seen it.
What's meat? What's meat?

Flesh.

Flesh, What's flesh?

Part of the body.
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I1t’s muscle. Méat is muscle.
Mr. S. could I buy a pen please?
(Mr. S. moves away as girls continue playing jokes
on each other and making numercus remarks. Emma is
still not happy about touching the eye).
Get off. Oh! Hill you behave. Oh! Stop it.
Press that in.
I'm not touching it.
I'm moving.
(Holding eye) Hello . . . I'm watching you.
I don't like the eyelid it's horribie . o o What
are you supposed to do to it Rachel?
The stuff that looks like meat is muscle.
The stuff that looks like what? (no answer).
Can you make some kind of a drawing to show what
you've discovered on the outside of the eyeball
that might be important.
What did you say? (still no answer).
Mr. S. I'm not touching it, you can’'t make me, now
get off,
I can't get his eye out.
Ygh! You horrible person.
(Several voices at onee - Sue makes a comment about
Rachel being absent for four days in two weeks).
That protects . . .
GCet it touched, Bez . . .
(Inaudible comment).
Swimming today girls . . . that's probably why she
missed it she doesn’t like games.

Bez, she's just touched that thing at the back.



270

RACHEL; How do you make his Eyebail come out?

IAN° Ugh! You rive it out you devils.

RACHEL. It's looking at me.

iAN° Where°s it gone? Where's it gone? (Begins humming).

EMMA, Where’s she put it?

RACHEL . It won't hurt you Susan . . . {(rest of comment inaud-
ible).

IAN, Feeling better now?

MICHAEL Did yours have a lal (small or little) thing on?

IAN, It's a bit grotty int it? Don't wiff at it.

SUE. That thing was alive and blinking . . . once upen a
time.

EMMA ., It's watching again.

RACHEL . It's just like the lamb you had yesterday in cookery
Bez,

EMMA, Yes.

SUE, I didn*t eat it. I only had . . .

RACHEL . You did, you ate it . . .

MR. S. (To whole class). I said nothing about stabbing or.

cutting it . . . do not cut anything or stab anything,

you'll spoil it for later.

SUE. What did you say we've got to do Mr. S? Kind of draw
it?
MR. S. Just try to draw an eyeball, with the important

attachments, the things that you think are important.
EMMA, Do you have to take the eyelid and stuff back?
MR. S. Don't take anything off, you can bend things back and
| move things about.
EMMA., ' Well will you bend it back for me ‘cos I don't want to?

RACHEL .  1'11 do it, Emma.
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EMMA Not in front of me Rachel, do it over there.
SUE. Stop it.
| EMMAo Oh! I really do feel bad . . . I don't know how you
| can do ife
RACHEL . On! It nearly popped ocut.
SUE, oh! Mr. S, I don’'t like this at all.
EMMA Thank you, Rachel.
MR. S. You ain’t seen nothing yet.
' SUE° Well, I'm not cutting anything up.
RACHEL , I'm dying to get inside.
;MR,]SD Well Rachel will do it for you.
RACH;L. I'11 do it.
SQE; She will ‘cos I'm not.
MR. S. You have a quick shufty. You can have a quick shufty

when she’s done it.
EMMA., Do we have to do some more of this stuff like cutting
eyebails up?

SUE. What's a quick shufty?

"RACHEL. Throw up.
SUE.- Throw up?
MR, S. No, it isn't actually . . . Look . . .
RACHEL, Hey, Mr. S. what happens if you get that preservative

stuff in a cut.

SUE. I'm not looking at it ‘'cos it's . . &

MR. S. It*'11, it'11 help it to heal, keep germs out, it'll
stink,

SUE. Are our;, are our eyeballs soft like that?

RACHEL . That®s hard because it's been . . . uhm , . .

‘Sué; That's soff;

RACHEL., It's harder than yours o o @
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Well there . . . it's not.u . o it's pot . . . Your
eyeballs are fairly soft at the front . . . You never
get a chance to poke them like that.

Ch! I don't like it looking at me.

Emma, I dare you to eat it.

I°11 have nightmares about this thing tonight,

If Rachel was here she would eat it . . .

(The lesson continued with the girls working on the
eye and making a drawing).

What should I write "flesh”, Susan . . . Mr. S?

Yes?

Is part . . . part of its actual meat isn't it . . .
and then this is skin,

Yes. That's, that's . . . that's meat, it's obvious
meat is that.

So if yéu cooked that you could eat it? Could you
eat that eyeball? |

People eat eyeballs.

Yes, “courge they eat éyebalis o oo

What's that sticking out of the back? That's some-
thing todo . . . that's connectéd to something isn't
it.

Well that's obviously a rather special looking cable
isn't it? I mean it looks like an electric cable.
Yes.

It's a muscle.

It's a vein.

It's not muscle, it’s not vein and it‘'s not hollow.
Tendon.

It‘smeiisuawful.
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MR. S, Have you read, (looking towards his notes on board)
”Eyeballs move. Is there any muscle?" Yes. “Eye-
balls must connesct with the brain®. “Can you see a

broken connection®?

'RACHEL . oh?

SUE. Yes I see,

EMMA, Yes, it's right at the back.

SUE. Poor thihg,

MR. S. That's what connects it to its brain.

SUE. I was trying to draw that, can you just turn it round

please? No, not that way . . .

MR..'S. Well I . . . Which way?

SUE. A bit more . . . I'm not touching it, Mr. S.

MR. S. Side view's best.

SUE. \ No, I'm drawing it look, I'm drawing it already.
RACHEL . Eyeball.

(Girls continue to work reasonmably quietly for a few

moments) .

SL_JE° Is there any muscle? God, their must be some muscle
somewhere.

EMMA. There is, it's that there.

SUE., Ta! Sandra!

RACHEL . That's the muscle above the eyebrow look . . . that
bit.

gmma. Yes . . . and that bit is as well.

SUE. How can you feel it?

RACHEL . (Laughs).

(Discussion once again revolves around difficulties
of touching the eye and the girls cthére'handling

food in cookery, e.g., fish, with handling the eyeballs.
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It seems to be possible to handle fish, but gutting
them would be a different matter . . . although Emma
pafadoxically described that as "Hellish" which means
great fun).
(Quietly). Can you tell me what you've got to do?
You've got to get to have a lock at the eye and try
to establish what different pieces, different bits are.
Mm?
And see what . . . sort of like, answer those
questions that are on the board and sort of like just
write about it.
And then you dissect it?
I don't .. . I'1l have to wait until he says so.
Right . . .
Right, will you gather round. Uhm! Finish off what
you're doing. There's a lot more to do, a lot more
complex stuff to look at and draw, so just come and
gather round here. Don't bring your stools, just
come and stand round . . .
(Group gather round a bench close to the blackboard).
Because we're short of eyes there's one fact I've got
to tell you . . . you won't find by investigation,
and that is that the eye is virtually a hollow ball
. - - @ tough hollow ball with contents. Just go
back to what you've just done . . . you spotted very
easily the solid round rubbery connection to the
brain. Connections to the brain are called ‘nerves’,
that's to do with seeing with the eye, with 'optics’,

it's the optic nerve.
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You've seen muscle, which must connect to bore in
order to get movement . . . it's got to pull at
something, so within the eye socket, the muscle on
your eyeball will connect to the bone at the back

of your eye socket.

Some of you may have seen little spots of fat for
cushioning and you've seen eyelids, but that's about

all you've seen.

Now remember, therefore, that the eye looks one way
and the optic nerve goes out the other way, so we
can look at the eye in two halves; the front half

and & back half.

So if you picture your eyeball in position in your
head and then translate that to the eyeball you've

got on the table, you'll cut it the right way round.

You've got toc come round it this way, towards you
and back and round again so cutting the front half

of the eye away from the back half.

Now to do that it's a good idea to trim off the . . .
rubbish from outside . . . smooth it &ll off . . .
(Groans from girls in group).

Now somebody already tried this and they snipped too
hard and they've damaged the back, they've cut the
optic nerve out actually. When you've trimmed
enough of it off, then comes the tricky bit, because
you've got to push quite hard to get through the
tough casing, and your fingers are there and if you

push too hard and get too excited about it you'll
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push right through énd impale the point on your
fingers. So get & firm grip, take one point of your
scissors and push. This isn’t going to . . .
(Class began laughing rather rervously).
. . . push till that goes in. So long as it goes in
in line that way, sort of sideways into the eyeball
you will not damage anything of importance. Once
you're in, you're away, because all you've got to do
is cut the front end of the eyeball away from the
backside. Right? Then put the two halves on the
table in front of you.
Sc you cut it in half?
Yes. Before you do anything else . . . look at what
there is in the back half and the front half, draw
it in position before you start dismantling it,; then
very carefully and precisely take the eyeball epart,
front half, then back half, bit by bit to find out
all you can about what's inside the eyeball, alwéys
remembering what the eyeball's got to do. It's got
to pick up light messages. It's got to somehow . . .
send an image of what you see to'the brain. 0OK?
Co away and do it.
(Group moves back to own places).
Mr, S. . . . Where's Mr. S? Do you cut that 1lid off?
Cut the lid off. Cut off all . . . any surplus
matter, it's the inside we‘re after now. (Moves away).
Don‘t be so soft . . . honestly . . . Oh! Mr. S, will
you shut that curtain please.

Do you . . . (rest inaudible).

No . . . I don't think you do . . . Bez, you're
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béing soft. Come and watch this it's reslly good
« o o Sandra, pick itu . . .

No,

s o o Do you want that bit? Should I cut that bit
of f?

No, don't cut the optic nerve off.

Which is the optic nerve?

We've already gone over that . . . that. (slight
irritation). |
Wnat that one there . . . ?
What's up Bez?

(First part inaudible) . . . preservative. The
eyeballs are in formalin, it won't do you any harm,
very good for bad colds, sore throats and what have
you,

What is?

What is?

Formalin vapour.

It's hot stuff.

What's the matter?

Are you supposed to cut the eyelid off as well Rachel?
Yes . . . All the surplus matter. (In a mimicking
voice).

(Class begin to make more noise).

You're not cutting in there you know.

Mr. S. . . . Mr. S., should I stick it in here? Do
you stick it in there?

Yes.

It won't go in-thére you know . . . Oh! It's gone in

now, I've got it in now.
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Watch it Sandra, it might bite.
Hey Bez lock at this.
Horrible . . . I don't want to stick it in . . . Chi
You bastard . . . I've Jjust cut myself. (Has just
stuck the pecint of the scissors into her finger).
Susan. I've done it, Sue . . . Hey! Bez. Hey!
Look.
Mr. S., I've just brought blood. I°'ve just cut
myself, Mr. S.
Hey! Can I do yours Emma as well?
I've just cut myself,
Where?
Just on my finger.
How®ve you done that?
With that stupid thing. It's not hurting, it's not
that bad.
Have you stabbed it?
Yes.
Wwell it will be well sterilised so . . .
I'm not going to drop dead . . . Oh! I feel bad.
Come on, Emma.
(A few moments later).

Don't proddle it too much Emma, till you've made some

record of it, it's nice, it's alright.

Oh! It"s\not as bad as I thought it woﬁld be this,
Mr. S.

Once you're inside it's nice. One of the wonders of
nature this,

(Moves off to deal with some boys who are messing

around).
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It*s alright now, Bez, it's all, it's rowt to see
. . just like a baked bean without any red skin on
it, it's just white skin it's dead.
Like a baked bean?
Yes,
God, I feel really bad.
Ha! Hal
This jelly’s dead weird, look, it's dead stiff,
I know it is isn‘t it.
I want to cut the eyeball open.
It's like jelly you put on your hair . .
(Bell rings for end of first lesson).
It's dinner,
(From across the room). This is silly. You can't
afford to fool about. Gary with some of this formalin
stuff in his eye. It's not nice stuff to get in your
eye. (Said to whole group).
What's formalin?

The stuff the eyeballs are preserved in.

(Laughing). At least you'll have a preserved eye,

Gary.

What's this black stuff, Mr. S., what sort of stuff
is it?

Well it's like the inside has been painted with black
stuff to stop light being reflected.

Oh! I see,

Insides of cameras are black arem't they? (Moves
away).

By it's weird stuff.

(To whole group). Any of you know anything about
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cameras . . . If you thirk, théiCamera dbes a very
similar job to your eyes, it picks up the same waves
and it puts an image on the film. The inside of the
camera is black, inside the eyeball is black, I

wonder why?

1 think you know enough about light to work that one
out.

What else are you doing? (Inaudible response).

Well I tﬁink that's the most interesting experiment

we've done.

Yes, I agree.

Well I've got all of that stuff out of that one.

Have you got all the jelly out?

Out of one of them . . . that one with the eyeball

in . . . I don't know how people can eat eyeball . . .

that's what they put in your steak and kidney pie
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APPENDIX D
S.C.I1.S.P. READERS

& 1. Human Groups
* 2. Human Behaviour
# 3. Darwin and Evolution
* 4. The Diversity of Life

5. Cells
# 6. Patterns of Reproduction, Developmenf and Growth
* 7, Patters of Population
* 8, Pétterns and Their Importance to Scientists

9. The Gatwick‘Airﬁort Sﬁory

10. The Park Hill Story

11, Electrification of British Rail
#* 12. Man and The Urban Environmeﬁt
# 13. Sound, its Uses and Misuses
* 14, Uses of Electromagnetic Radiation
* 15, Length and its Measurement

16. Earth Patterns
# 17. Rocks and Minerals
* 18, Weather Patterns
# 19, Machines and Engines
# 20, Friction

21, The Detergent Story

22. The Polythene Story

23, The P.V.C. Story

24, Man in Space

Indicates Books Analysed For Sex Bias.
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=
DENSES
&
Nvestigatimg youlr
amperature SENsors

For this investigation you need a water bath
xoat 8t 8 toweerature of 73 €. with three test
traes of water A it. Alse, 2 tea towal or

SeTo SY33ues. The tubces will need to have been
in the bath™ for a fow minutes to make sure that
(t??ey are all up to the risht temperatura,

YWhen yeu are ready, take one of the tubes, dry
it quickly then put it in turn against ecach of
these parts of the skin on your hands and arws:
1; your fingertips

2. the paim of yeur hand

3. the baek of your hand

4. your forearm.

You can try the outside of your elbow too if

you like.

Tnvestigsting your
sSemnse of touch 71

You need a partner and two sheets of paper for
this.

Close your eyes and get your pariner te drop
the piece of paper onto the back of your hand.
I¥ you can feel it ¥all get your partner to
tEar it in half and drop it again. Go on until
viou find the smallest piece of paper you can
feel. Keep it to stick in your notebook. Tast
your partner in the same way.

Investigating your
semnse of touchkhh 2

You will need a blindfolded partner for

this(i). Also eight cardboard 'tiles’ about

6cm x 6cm each covered with @ different
aterial from the Yist shown in the table

below, and a piece of softwood about the same

1z,

The test tuae sheuld feel worner it 39w 2laces
than sthers. Yhore dees 1t foel warmest?
Wagra decs it feel ceelest?

Fut tha tube back inte the water bath and check
your rcsuits with another tube, Try te so
vound the skin areas more quickly this time.

You can ghew yeur results an a €iagram ke the
gne here. Copy it into your rotcbook. Celaur
red the arca where the tubs felt warmess
yallew for the next warmest, eveen for the noxt
and blue for the area where the tude felt
coolesk,

4 for, 3 back of hand

1 fingervips
2 palin

A test hike this; which tells you the most or
Jeast of something that you can sense; is
called a2 'threshold sensitivity' test. Yrite a
few words about it n your notebook.

fiagertips
i 2 3

surface

bock of haad]

L

forearm
2 311

Lore heod
2 311 2 %

blotting pagpes

clear acetote.

linen

plashc foana

sondpagar

Sof el

hssue paper

Nk

16



T iden 98 that you toueh tra tneertiss of 233
yleur sertner (who is wearing @ B1ingfod) with
elech of the ti'as in turm ang he or she has te
say what they are covered with. You swap tha
QFTQS round and try them in a different order
until yeu have tried each gne three times.

¢ yeur partner eets it right you put a tick in
he zarrect box in the table - if wrong yoeu put
£7683.

7o 3

@]

Write in your netcboek; yeur answars te thaesc
ques‘cfaﬂszD

mnvestigating vyvour
ense oF taste
nNgd smmel]

B Nce again, you will need a blindfolded

Lrtnev, To make things even wmore difficulk he
B she must wear, for some of the time; a
®lastic peg (of the type used by underwater
wimmers) en the nose! Alse you will need a
=ink, a supply of drinking water; a2 clean
raspoon,; and chopped fruit and vecetables as
nown in the table, D

fne idea is that you feed your partner with one
the foods taken at random from the list
/tdh‘ichever takes your fancy, in any order). If
your partner can easily say what the food is
you put a tick in the table. If the food is
difficult to recognize you put a cross.

After each test he or she rinses the mouth in
clean water. Then you repeat the tests with
his or her nose unpegged. Of course; you
change places and do the whole investigation
again,

Before you move on; both of you should try
eating a bit of apple whilst you are smelling
the dish of chopped onion.

What does the investieation tell you about your
senses of taste and smell? YWrite about it in
your notebook,

Ypou could try a similar investigation with
different flavours of Crisps.

Wher yey hove tested your pariner on o
Hmgartizs: g2 on e the back of tho hard (ag
1A the tabla); tnen to the ingide of tha
fercarm and the ferehead. Do threo:
‘eresentations’ for each tile.

Then put on the blirefold and et your partnor
tast you.

WUhat €oas the investieation tell you abeut your
sense of teueh?

Yhich parts of your skin are mest scpaitive?
Wihich are lzast sersitive?

Yhy did we ask yeu to do 50 many testg?

Yhy did we agk you to swop the tiles reund?
How do your results compare with your partner?
How deoes your touch sensitivity comparc with
your temperature sensitivity?

reachon

ROER Se
Food plugged un&ougﬂed

Apple

Porats

ORIGA

Oroxsge

17



[hnider s that yeu teuch the fingertips ef 2
sLr periner (who is weaving a blingfeid: with
epch of the tiles in turn and ha or she has 2c
s%y what they are covered with. You swep the
tiles vound and try thew in o different erder
until you haove tried cach one three times.

I4 yeur pavtner gets it right you put a tick in
e corvect boex in the table - if wrong you put
a EresSG.

Urite sn your noteboek, your aaswaers (o these
questi@ﬁs:D

mMmMvestigating vyour
emnse oF taste
na smme 1l

Ohce again, you will need a blindfolded
partner. To make things even more difficult he
or she must wear, for some of the time; a
‘plastic peg (of the type used by underwater
sﬁmmmers) on the nese! Also you will need a
sink; a supply of drinking water; a clean
teaspoon; and chopped fruit and vegetables as
shown in the table. [>

The .. .2 is that you feed your partner with one
of the foods taken at random from the list
{whichever takes your fancy, in any order). If
your partner can easily say what the food is
you put 2 tick in the table. If the food is
difficult to recognize you put a cross.

After each test he or she rinses the mouth in
clean water. Then you repeat the tests with
his or her nose unpegged. OF course; you
change places and do the whole investigation
again,

Before you move ons both of you should try
eating a bit of apple whilst you are smelling
the dish of chopped onion.

What does the investigation tell you about your
senses of taste and smell? WYrite about it in

|
your notebook.

You could &ry a similar investigation with
dfif‘?erent flavours of crisps.

o]
SH

Waon yeu have tested your partror an the
fingartips, @0 on ke tho boek of the hard {ag
in the tabie); then te the inside of the
forearm and the ferehead. De threo:
'rosentations' for each til.

Then put on the blindfold and Yot your partner
test you.

Yhat docs trne investigatien tell ysu absut yeur
sansae of teuech?

WYhich parts ef your skin are west sengitiva?
Which are lcast sensitive?

Yhy did wa ask you to do so many tests?

Yy did we ask you te swep the tiles reund?
Heow do your results compare with your partner?
How does your touch sensitivity compare with
your temperature sensitivity?

reachen

Food pl?f&g:gw un;"u:%w

Apple

Porares

Onion

Oroungz

17
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READABILITY
The following extracts were chosen for checking the

readability level using the computer software on a Research

Machines 3807 micro-computer:

JOHN MAHONEY and PETER MEIKLEJCHN
dutchinson Software.

The extracts were chosen at random so far as content was
concerned, but at fairly regular intervals tbroughout each
textbook. In the’case of school worksheets one extract was
taken from each 1in order to gai; a general impression of
the level for which they might be suitable.
{Punctuation in the passages has been largely ignored since
it is not important in <the use of these readability
scales. )
Science Activities Book 1 New Nuffield Combined Science
11-13.
Page 2.
The exhibits have been chosen to give you an idea of the
things you will be looking at and finding out about in your
science lessons. Also the exhibits will give you the chancs
to practise beilng a scientist concentrating hard so you sese
or hear or smell or feel things you would normally miss.
The exhibition might seem confusing it might make your head
spin but dont worry about it it is just the same for all
scientists. They are interested in everything in the world

including themselves so it can be difficult to decide where
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to start. When they have such a
closely at one thing at
later.

Page 7.

In this investigatlion wyou are

problem

going to

scientists look.

a time and worry about the rest

Use your bunsen

burner to heat things which are listed in the table further

down the page. Before you

keering yourself safe.

scientists avoid painful accidents.

ct
oy

wear safety specs wher

Q

- 3 4 o~
4 [

is

o
o]

on

gl

[}
o]

tie their hair back

down on something being heated.

like tripods and tin 1lids soon

safely. They always heat small
until they know what is likely to
Page 12.

The pollen grains in the pictures

two thousand times by

will

100 times. Can

clue in the strange words such
evepliece and o¢bjectives.

vour microscope brsathe on a slide to mist it
a flower onto it. Draw pictures of the pollen

see them and labkel them with the names of the

how

the pollen.

begin

ey are heating things.

a very powerful microscope.

not magnify as much probably somewhere between 50

much your microscope was magnifying when

think carefully about

Here are soms of the ways that good

Good scilientists always

They always

They remember that things

get +too hot to handle
amounts of new substances

happen.

have besen masnified about
Yours

and

vou find out exactly how much? There 1s a

as X5 written on the

To observe pollen grains through

ocver then dab
grains as you
flowers. Say

you looked at



Page 17.

The idea is that you fased your partner with one of

t
D

h

)

foods taken at random from the list whichever taks

v)

s you

"

fancy in any order. If your partner can easily say what the

foocd is you put a

ct

ick in the table. If the food is

difficult to recognise

ct

ross. After each test he or

Q

a

3
2

she rinses the mouth in clean water. Then you repeat the
tests with his or her nose unpegged. Of course you changs
places and do the whole investigation again. Before you
move on both of you should try eating a bit of apple whilst
vou are smelling the dish of chopp;d onion.

Page 23.

This 1is an investigation which will take a little time and
involve you in preparing soms apparatus. First you will
need to make a collection of cylindrical containers of as
many different sizes as possible. For instance they could
range from a spice drum to a large dried milk container.
You should aim for at least six. Then you will have to put
sand or leadshot ask your teacher about this into some of
them so that one or two of the smallest weigh more than one
or +two of the largest alsc so that some of quite different

sizes weligh the same.

0

Page 2

Y

C

Make a hole about 2mm across in a clean dry milk bottle
top. Put a small drop of water in the heole. Get your eye
very close to the drop with the thing you are loocking at

Just underneath 1it. Try different sizes of holes. Which
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gives you the best results? Another model uses glass drors.
Your teacher will show you how to make these. Takse a piecs

of thick card Scm by 3cm and make a hole near one end. Lay

W
ILs)

lass drop on the card so 1t rests in the hole. Tape its
stem to the card.

Results for Average Grades of 6 Passages:

Main results with suggdested areas of use

=

Primary and lower secondary material:

Mugford :9.95 Years

Fry X = 6.27; Y = 134.95
Secondary material: )
Flesch :12.54 Years

Fry X = 86.27;, Y = 134.95

Fry Reading Level 12+ Years.

FOCUS - A Reader: New Nuffield Combined Science 11-13.

Page 2.

She 1s a forensic scientist a person who works on  crimes
and accidents. Often she does her work at the scene of the
crime examining things like footprints fingerprints and
tyre marks. B8he may collect fibres and small pisces of
cloth and samples of soil raint and blocd. All of these
will be taken back +to the laboratory for investigation.
Some scientists do wear special clothing even white coats
like doctors and dentists but you could find them wearing
wellies a skirt Jjeans collar and tie overalls or a

wet-suit. In fact scientists don’t look too different from
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yvou. 1tz not so much the things that scientists do

ct

=
ct

18

make them scisntists its how they do themn.

]

Page 7.

The faossilized skeleton of a dinosaur which swam in the

i

seas of 185 million years ago. The fosgil is similar to one
of many which were discovered about a hundred and fifty

"

rears agso by Mary Anning the daughter o

4
'}

L4
Fh

K - oy
a carpsnter  at

[

Lyme Regis 1in Dorset. Mary’s discoveries caused a storm
amongst the scientists of the day, and some bhecame very
angry with her. The scientists could nog agree on an
explanation for the fossils what ﬁgey were how long they
had been there and so on. Since then many scientists have
spent their lives observing and studying fossils trying to
fill the gaps in ocur picture of life millions of years ago.
Page 12

In England in 1843 a doctor called John Snow was trying to
find ways to control the dreadful disease cholera. There
were many explanations for the disease some reople said it

was caused by bad food, others blamed rats or insects or

bad air. Dr Snow was confused until one day almost by
accident he discovered that lots of pecple who got the

disease seemed to have one thing in common they took their
drinking water from the same public pump. It turned out that
filthy water was leaking from a nearby sewer and polluting
the pump water. John Snhow went on to prove that the popular
ideas were wrong.

Page 17
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You have four kinds of sense receptors. Three are sensitive
to coloured light red light gresn light or blue light. The
surprising thing is that you can recognise hundreds of
different shades of colour using Jjust these three kinds of

receptors. Scientists have an explanation for this but it

ig wery complicatad and you will have to learn much more
about light before ¥ou can understand it. Part of your

brain stretches out like a thin finger to reach esach retina
and pick up their signals. Colcour blindness 1is caused
because one or two of the %hree kinds of colcur receptors
do not work properily. -

Page 22.

Suppose you are eating an apple.. Each of your senses 1is
giving your Dbrain information about it. The reprorts which
your brain could be getting are shown in the picture. From
these reports the brain makes ur a picture of a red
scrunchy fresh Jjuicy firm round apple. As it builds up the
picture your brain makes use of its reference library your

memory. Can you see where? Your braln combines all the

O
)
H)

rerorts from your senses int

(=

ull story about the apple.

[€)]

>
Y

o

X)

]

uprose you were given a fa 1 1:

)
0

C

R4

-
57T

o

—~. Jrpe |
How would the

@
s}

P
reports differ? What about a sour tasting cooking apple?
Page 28.

Percival Lowell studied the planets for fifteen years and
drew dozens of careful sketches of his observations. The
sketches showed more than five hundred canals in great

detail with blobs which Percival called oasss where the
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canals crossed. He wrote about changes in the appearance of
the canals from one seazon to the next explaining the
changes by saying that farming must bes taking place on
their banks. As we sald other scientists found it difficult
to see the canals at all but the public were convinced. As

the years went by many stories and plavs were written about

D

Marz and Martians.

Results for Average Grades of § Passages:

Main results with suggested aresas of use
.

Primary and lower secondary material:

Mugford :11.85 Years

Fry X = 5.18; ¥ = 141.54

Secondary material:

Flesch :14. 52 Years

Fry X = 5.16; Y 141.5

W

1

Fry Reading Level 13.5 Years.

PRCBE - A Reader: New Nuffield Combined Science 11-13.

Page 3.
Back 1in 1985 +the telescope was used +to ©pick up soms
important radic waves from outer space. The scilentists

decided that these waves had been produced at the start of
the universe seven thousand million years ago. They had
been travelling towards Earth ever since. The idea caused
great excitement amongst scilentists all over the world. If

they could observe the signals well enocugh they might get
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clues to the way the Universe began! Today there are many

radic telescores all over the world. Scilentists ar

m
&)
ct
H
fod
’-—J

working on their ideas about the start of the universe.
Here 1is another ’message-changing’® instrument in use.
Pacge 2.

A T
fyi¥

Q

ut a hundred years ago, length measurements were in a
dreadful mess. Travelling merchants had to carry scales
like the one in the picture. They had to chocose the right
’inch’ for the country they were in. You can imagine the
problems. Doors made from lengths of wood cut in one
country might not fit the door fragés in another. It was
specially worrying to scientists who wanted to share their
measurements with other scientists all over the world.
Peorle 1in several countries tried to do something about it
but nothing much happened until 1730.

Page 15.

It had been difficult for scientists to see that the
natural way for things to move was in a straight line at a
steady speed for ever. This was because, on Earth, friction
and air resistance soon slow things down. But nowadays we

have seen films of pecple movin

1%}
M

S
111

113

pace or in spacecraft
and the idea makes more sense. If the astronaut in the
picture accidentally gave himself a push he might go off in
a straight line at a steady speed for ever and ever. For
this reason, in the days before rocket ’back-packs’ MMU’s -

Manned Manceuvring Units , astronauts were always fastened

to the ship by a safety line.
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Without friction it would be 1mpogsible for us to wallk. it
would be impossible to get a bike or car moving. Sococks and
tights would not stay up, and shoe laces would not stay
tied. You couldn’t strike a match and mest cigarstte
lighters would not work. So you can see that friction is
very important to us. Technologists make use of it not only
in the design of tyres, but in the design of brakes. The
instrument 1n the picture measures the friction between
materials used to make the brakes of large trucks. The two
great wheels at the left and riéht are spun up to a high
speed using an electric motor.

Page 27.

Day after day, for eight years, Tycho and his assistants
made thousands of careful measurements. The measurements
were repeated over and over again, often using more than
one design of instrument. The results were so good that
they are still used by today’s scientists. Sadly, Tyco's

temper made him many enemies at Court. One story tells

that, cne day a great ncbleman came to visit the
observatory. During the wvisit he +tripped over Tycho's

beloved dog, which vou can see in the picture. The nobleman
kicked the dog, and Tycho lost his temper and threw him out
of the observatory!

Kesults for Average of 5 Passages:

Main results with suggested areas of use:

Primary and lower secondary material:
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Bxtracts from Patterns 1 Building blocks by Hall,W. and
Mowl, B. Schools Council, (1973). This Pupils’ manual is one

of a series designed to provide a scheme of work in science
specifically for the Schools Council Integrated Science
Project. The bocks are nct regarded as textbocks, but rather
to be guldes to pupils’® study of science and the work of
scientists.

Page 8.

The following suggestion should enable you to answer that
question. Plot a grarh of the entries in columns 5 and &6 of
your tTable as shown, using a different symbol for eacn
material. What conclusion can you draw from your graph? Use

the graph to formulate a simple mathematical pattern about

the relation between mass and volunme. This relation
iliustrated by vour graph {( for a particular substance )} 1is
one called ’prowcortiocnality’. We say that the mass of a

piece of iron is proportional to its wvolume. We can equally
well say itz volume 1=z proporticnal to its mass. For
different objects of the zame material the mass and the
volume can be different.

Fage 44,
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How do these assumptions probably differ from the real

situation 7 Uzing The beads or wmatchsticks +to represent
organisms and bearing the assumpticns in mind, work out the

number of organisms in the population for s=ach of the next

six wears. It is, of course, gqulte possible that you will
not need beads or matchsticks as a help; ¥ou may prafer

simply to caliculate these figures. Construct a gragh with

tA

rears on the horizontal axis and number of organisms on the

vertical axis. Just az we need tools like a telescope to

I3

help us extend our powers of observabion, so we need

-
'mental tools’ to help us extend our thinking.
Page 89-70

Separate a fleshy segmen

ct
Hy

of onion from its neighbours.
Snap the segment into two and see 1f this provides a small
piece of ragged almost transparent, 'skin’ at the broken
edge. Grip this skin gently with the forceps and pesl off a
larger segment. Place 1t in a drop of water on a glass
slide (avoiding folding the skin over on itself) and gently
lower the coverglass over it with the mounted needile
(figure 5-17. This will prevent alr bubbles being trapped.
{Air Tbubbles appear as black curved lines. If you do have
some trapred bubbles choose an area to loock at that 1s
clear of them.)

Page 899.

Groups 1n the class can make samples of copper ohloride,
copper sulphate and copper nitrate 1n the following way. To

about 5Sem3 of dilute acid add one measure of black copper
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oxide and warm the mixture. Cool and filter off the e

XCESS
S A . 1 - 4 i R s - -
copper oxide, collecting the filtrats in an evaporabting

basin. Gently warm the svaporating baszin untill mos

ct

of the
water has boiled away and remove the Bunsen burnsr. The
heast of the gausze and tripod will be sufficient to remove

the rest of the water, leaving the salt. Depe

spactroscorlic analysis for =sach of the three saltz which
are formed (you will have to cbitain two of the szalts from

other groups).

-~

Among the new techniques which the expasrts have to offer

one o©of the most important iz the use of fertilisers. It is

worth noting that the best-fed countries in the world are
also the ones which use thes gZreatest amount of fertiliser.

A leading American agricultural scientist, Dr Robert
White—-Stevens, has estimated that if 10 deollars® worth of
fertilisers and 5 dollars worth of pesticides were used on
every acre of the world’s arable land world food production
would be doubled in the next decade. In 19661, wunder the
Freedom From Hunger Campaigdn, 2 programme was launched by
FAO in cocperation with the world’s fertilizer industry o
test and demonstrate the efficiency of the variocus kinds of
fertiliser aprlied to differing crops and scil conditions.
Results for Average Grades of & Passages

Main results with suggested areaz of use

Primary and lower secondary material:

Mugford :11.85 Years
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Fry X = 4.83; Y = 150.689
Secondary matsrial:

Flesch :168.1 Years

Fry X = 4.93; Y = 150.89

Frv Reading Level 15 Years

Y

- 1 . o v anir el = PR 1n 4 oy e - 3 = 5
Bxtbracts taken from worksheets used with 4th year pupils in

Integrated Science.
Title: To find the relative number of reacting ions in the

reaction between lead nitrate and potassium iodide.

The quantity of precipitate produced will depend on the
numbers of moles of rpotassium iodide and lead nitrate
available for combination. If we keep the number of moles

of

one of these, say potassium iodide, constant, then the
height of precipitate produced will vary with the number of
moles of lead nitrate used providing we are not adding lead
nitrate in excess, for then it will make no difference and
the height will remain constant. By adding lncreasing
numbers of moles of lead nitrate to separate constant
numbers of potassium 1odide and measuring the height of

-~

precivitate we can find the maximum number of moles of lead

[as

nitrate recuiresd.

Title: SOME EXPLANATORY NOTES ON THE CORRCSICN

Rusting of iron requires the presence of water and oxygen.
It is electrolytic ie by some means a cell must be produced

so that the electron flow can bring about the formatiocn of
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rust. This can result from {(a) iron with i1impurities, {(b)
iron with iron oxide, {(c)} differing oxygen concentrations

in the water. To i1llustrate the mechanism of rusting we
will use an example of type (a). Imagine a pisce of iron

expaosed to the atmosphere as shown bslow. Metals tend to

)]

readily form positive ions so there will be a tendency here

for ilron atoms to g€o into scolution in the water b

(=)

Ccomning

1]

FeZ2+ ions.

Title; Energy in Chemistry.
Like poles repel each other therefqre energy will be needed
teo bring the two magnets together in directions X and when
together they will spring apart when released. ie they have
this repulsion potential energy which increases the nearer

they are together. RBecaus

M
¢t

the charges are unlike they will

attract each other and when they are released they will
move together. ie they possess attractive potential energy
prior to being released. This is given by the product of
forces and distance so that the greater the distance apart
they are the greatsr thelir potential energy. An atom 1is

made up of charged particles so that they will experisnce

3
[
(..',
o
]

~3
a
t=l

ENDOCRINE GLANDS

The master gland hormones from this glend control all cother
glands to some extent. Fart of the gland is concerned with
growth, overactivity in chilchood causes glantism,

deficiency results in stunting or dwarfing, overactivity in



adults causes enlargdement of the head and hands and mental
backwardness (acromegaly). Another part controls the water
balance of e body, disease here leads to excessive weak
urine, hisgh blood pressure and faulty bowel and bladder

action. This gland in the female works in close association

witl the owvaries in the regulation of ovulation,
menstruation, pregnancy and childbirth. The thyroi
Produces thiyroxin which controls the rate of body

metabolism.

12

Title: Investigation into the decompocsition

-t

of Hydrogen Peroxide

He can represent hydrogen peroxi

joh

e asg H20Z ie one mole
containg two moles of both hydroden and oxygen atoms. We
see that it contains per mole one mole of oxXygen atoms over
that in water. It can very easily lose this oxygen and
become water according to the following equation. It can
also lose 1its oxygen to other substances in chemical
reacticns. Substances which give ur oxygen in this way we
call oxidising agents. If a beaker of hydrogen percoxide 1is
left on the bench it slowly decomposes into water and
ogxyegen. Thisz requires energy. Can you suggest where this

energy comes from?

Results for Average Grades of 5 Passages
Main results with suggested areas of usse
Primary and lowsr secondary material:

Mugford :12.8 Years
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Fry X = 5.2; Y = 183.5
Secondary material:

Flesch :18.89 Years

v

ry X = 8.2; Y = 163.

cn

Extracts from 5th Year worksheeset
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Scilence Grours.

VELOCITY QUESTIONS MECHANICS

4]

A trolley starts from rest on an inclined plane and move
down 1t with uniform acceleration. After 3 seconds its
veloelty 1s 15ms-1. Calculate its acceleration and velocity
after 10 seconds. John and Mary start walking at the same
time from the SW corner of a field whose South side 1is
bounded by a straight stone wall. John walks alongside the
wall at 5.5kmh while Mary sets off at Bkmh along a straight
footpath across the field, which makes an angle of 50 with
the wall. Find, by means of an accurate scale drawing the
velocity of Mary relative to John and their distance apart
after 10 minutes.
Title: ECHC LOCATICHN {Extract 1}

An English scientist named Hartridg€e sugdested in 1920 that
the animals gave ocut high-pitched sounds and received the
echoes informing them of aobstacles ahead. This is now known
to be the case but it was twenty years before Hatridge’'s
theory ccould be proved with the aid of electronic apparatus

to make and receive these high-pitched socunds. While in
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flight the bats continually emit their ultrasoconic saqueaks

J

af a frequency around 50 kilocyeles p»er second. Thi

]

e

(

o
se

f

ible to the human sar and must not be confused

wit a lower note about 7 kiloecyeles emitted frequently.
This latter squeak can be heard by man.

Title: ECHO LOCATION {Extract 2)
All thiz developed from a somewhat primitive method of
estimating distances uzing &a ship’s fog horn. A rough
estimate of the distance from an iceberg or a c¢liff could
be obtained by giving a blast on the horn and then counting
of using a watch to measure the time needed for the echo to
return. The real steps forward in echo lccation radar and
sonar were developed during World War II for finding the
position of eneny ships and submarines. Unlike the other
types of echo location radar makes use of radio-waves of
very high frequency. Pulses of waves are produced by a
specially designed radio transmitter.

Worksheet 8a on Provlem Solving.
Imagine that you have heen given a low voltage high current
rower pack. If the power pack is working properly it will
have an output cf 1 volt and will supply up toc 10amps deo.

But you don’t know whether or not it 1s working you have to

find cut that’'s the problem. The most obviocus way to test
the pack would be to connsct a voltmeter across its

terminals and see if you get a reading. But you hawv to
think of three other ways of testing it ie three other

experiments you could do. The expsriments nmust be different



from sach other as possible.

m

pH and indicators

An  indicator 1s a substance which you add to a solution to
test the pH of the solution. The indicator chansss colour
derending on the pH. A colocur chart helps you to get the
rezsult., Different indicators show different colour ranges.
The ©pH number indicates the acidity alkalinity of a
solution. The problems. Find the pH of three standard
soglutions using Universal Indicator. ﬁse thesg standard
solutions to investigate the oolopr range of a mystery

.

indicator. Use the

=
<
5]
¢l
O]
[x]
“
}.J
o]
o}
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o]

atocr (marked MI) to

estimate the pH of seoluticon x.Hint

()]

on procedure; Decide on
the apparatus you will need and collect it together.

Title: Britain Before Man
Precambrian time constitutes the first 4000 million years
of Earth history though there 1is no record in British
Precambrian rocks of the first 1600 million years of this

era. For much of it we know only of events that occurred

deep in the crust and which moulded the ancient crystalline
foundaticn of the Britigsh Islss. Eut in the 1last 400
million wears there iz evidence of river plains and sea

troughs in which the Highland rocks were deposi

ct

ed and in
South Britain of extensive volcanic activity. ¥While cycles
of uplift tilting and erosion shaped the emergent land of

Britain world climate cooled.

Results for Average Grades of 6 Passages



Main results with suggested

Primary and lower
Mugford 12,55
Fry X = 5.

Secondary materlal:
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B NOT PUT YOUR NALE ON THIS SHEET

FIRST AND SECOND YEAR SCIENCE SURVEY

YEARE FIRST / SECOND (Put a ring around the year you are in).

SEX & GIRL / BOY (Put a ring around your sex).

1. Describe a scientist in a few short sentences.

PO 0OO0O0CODO0O0OGCOOC0O0O0ODODOCOCO0O0OO0O00CCO00O0DO0OO00O0OCOGCOOCO00O0O00O0S000000O0O0OGO00O50Q0OC0COGCDO0O0O000 060000600

2. Neme as many scientists as you can. Do not worry too rmuch about spelling.

D 0000095000009 0DO6GCO0CO00O0CO0OCO00006900OOO00O00GO00O0O000Q0CO00C93Q00CO060O0D00O0O0DOOG9© 000COO6OGCOsOO00UOCDO600GCSC

3, If you had to write sonething on any subject connected with science what would you
write about?
{(Just give a title)

© 0000000000000 O0O0DO0D006006060CO00000OVO0UTOECEOO0O0GC0OOC000OC0O0D90§000D0DOCGCOO000CCOO0OC0 0OCO0COGO6OGO®OTa 0G50 G

L4, Vhat do you think about science in school?
In a few sentences tell me your opinions.

© O 00000008000 0006000000%C0COO00CD00O0CO0®DOCDOOCSS 000000 OCO5 00O0SG6000OCGOCHOO0OGOCODOOCOO0E@®@ECOS S «69000O0OVT0

THANK YOU FOR °YOUR RHRELP.

BRIAN THORN
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PROFILES 1.

PUPIL PROFILES AS EVIDENCE OF ATTITUBES 7O SCIENCE

During the summer term of 1984, the school introduced a pilot schere of
profile reporis whnich were desigred to give more thorough and Cetalled
analysis of a pupil’s progress through school. One half of the profile
provicdes a check list of skills, attitudes and attributes which the
teacher is expected to assess on a five-point scale, but the other part
of the profile affords an cpportunity for staff, parents and pupiis to
record their comments about each subject area. This was the part of
the report I was particularly ihierestéd‘in as I hoped that it would
afford an opportunity for °"triangulation’ of evidence in conjunction

with observations and interview data.

This innovation in reporting within the school arose partly in response
to the national call, by the Secretary of State for Education and Science,
for a much more detailed system of reporting and assessing young people
so that they might leave school with a comprehensive document - a ‘record

of achievement® as it is sometimes called.

The second reason for profiling being introduced was that it followed
naturally ocut of the work being done in the Social and Personal Education
programme in the school. This programme had been gradually phased into
the school curriculum largely because of the enthusiasm of the second
deputy head and a handful of teachers who recognised the value of such

a course, following their attendance at courses run by the Career and

Counselling Development unit based at Leeds University.

Originally the course, which seeks to increase pupil' self awareness

of othersq.and develop a range of skills which will be useful when they have

left school, had not been accepted by the Headmaster as part of the
formal curriculum, because he claimed that it was impossible to find the

time required on the timetable. He believed that to take anything. out



PROFILES 2.
would be to destroy and eminently sensible and balanced curriculum in
the upper schcol. He had put the case to a head of department meetirg,
but had not been able to persuade any departwent te voluntarily give-up

time,

The solution, which was an unsatisfactory one to those who were most
involved, was to run the new programme during the 25 minutes registration
and assembly time on two days each week. This compromise was accepted,
at least as a first step towards eventual integration with the rest of
the curriculum, but there remained many staff who were far from con-
vinced. The objections centred around the feeling that such work
required a goocd deal of specialised guidance training and no in-service
training had been promised. There was also strong feeling that teachers
were being expected to give Qp non-teaching time and become involved with
more lesson preparation in their own time for something which they saw

as a management imposed task.

There were also several members of staff who violently disagreed with
the whole idea of discussing pupils' attitudes to school and asking
for their views on a wide range of topics. It was felt that if life-
skills had to be developed then this should be done in the context of
the existing curriculum though they apparently could not say why it

had not been done before.

However, there was sufficient ‘outside’ interest being shown in this
type of course, not least by the LEA, which had produced a statement
of intent for secondary schools, that the Headmaster was able to \
‘pressurise sufficient teachers to say that they would at leas try:
in practice some did little more than complete the register as they
normally did and most of the preparation of materials fell to the

enthusiasts who had been given the title of ‘year co-ordinators® .
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PROFILES 3.
The‘fourth year were chosen as the bilct group, but the task of com-
pleting the first set»of profiie reports was regarded by many teachers
as'an unnecessary and time-wasting chors. In the event several teachers
restricted their reporting to °Guite gces’® or similar brief comments

as a Torm of protest.

Some of the pupils saw this new system of reporting as a golden opport-
unity to say what they thought about some of their teachefsD the
subjects and the way they were being taught. Needless to say the staff
wno had been singled out for fhis treatmént weie far from happy that
such comments were being allowéd on documents which were public to all

intents and purposes.

This set of profiles showed that, in the main, most of the pupils had
great difficulty in making any sort of objective assessment of their
own abilities or potential. Each one of them had been given a sheet
with a number of suggested topics they might cover, but it was clear
that many had simply used the phrases from the sheet in an attempt to
say something. It is difficult to imagine that a fourteen year old
boy would naturally write that he enjoyed 'learning new perspectives®

in science.

A second set of profiles was completed, by the same year group now in
their fifth year, during my period of observation and appeared to
generate much less antagonism among the staff, though one boy was heard
to remark that after filling in six of these subject forms he was just

putting anything down to get it cut of the way.

1 decided to look at the profiles to try to discover whether the attit-
udes and opinions expressed by'the pupils were consistent with those

expreséed during my inter?iews and to try‘toAdiscover how far these
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views coincided with those of the science teschers who taught them.

The earlier set of crofiles revealed that thz boys gererally had
positive attitudes towards sciernce with most of them beiieving that
they worked quite hard and were doing well: this latter fesling was
pafticularlyfpievalent amongst those boys who were taking agriculture
or the nen-examination course, applied,physical science, these boys

are of average or below-average ability.

Wnen pupils admit to not working hard, losing interest or being bored
they usually associate that with the fact that they find the work
difficult to understand which leads them to lose concentration and

turn their minds to other activities.

Staff comments about such pupils usually concentrated upon the pupils
being ‘resentful of criticism®’, ‘far too complacent about preparing for

the future' and °*talks too much, thinks too little’.

There was little indication that teachers gave much credence to pupils’

comments, a point which is made by Furlong.

'I start from the assumption that pupils® explanations of their own
behaviour in class are often of a different order from those of thgir.
teachers. Other research has shown that teachers usually ‘explain’
pupil behaviour in purely educaticnal terms. Thus rather than refer
to the pupils® reality, teachers have a tendency to draw on what they
consider to be specialist knowledge to understand why children act as
they do. For example, two common explanations of delinguency are,

'She comes from a deprived neighbourhood’ and ‘she never had a father’.
_TEapherSiusing such eXplanations see themselves to be drawing on
'speciéliSéd °sociqlbgica;° and_“péychbanélytic“ knowledge respectively.

‘HhéfeVér'the apparent bases of these 'specialist’ explanations (and
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PROFILES 5.
teachers have an infinite variety to choose from te fit every purpose)
they have cne factor in common = this is their uniform neglétﬁ of the

pupils® perspective’. (Furlong, 1977, 63).

Reading through the teachers® comments (these were written cn the forms
after the pupils had written their comments) there is in most cases a
striking lack of empathy betuween the teachérs and those pupils who
admit to having difficulties, but who have generally °switched-off’ the
subejct. There do not appear to be any obvious moves, in,t’he.comments9
to try to open channels of ccmmizhication9 to rekindle interést or to
look at the areas of learning difficulty with a view to trying to help

the pupils to feel some sense of achievement.

The teachers seem, in most cases, to have formed an expectation of how
a pupil ought to act and behave in science lessons and anyone who does
not conform to that model is only worthy of negative and highly critical

comment .

Possibly the most freguent comment to be written on the profile reports
is that a pupil needs to learn the work more thoroughly. Such a‘comment‘
appears to miss the point. If a child does not understand then there
may be many reasons for this: has the child been at school regularly;
has the child got some unidentified physical handicap such as a hearing
defect or faulty visionj does the child have any emotional problem which
might be causing a loss of concentration; is the child able to write
adequate notes from which to learn the work - there will be many other

factors which could affect learning, but they are not often sought.

In general girls profile reports reveal much more uncertainty and
emphasise the difficulty which girls experience in science particularly

when deéiing with topics such as the jmole-conCept‘, ‘valency® or pﬂuo
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Unlike the boys, who tend to stress their~enjoyment of practical work,
the girls do not, for the most part, place the same emphasis upon this
aspect of the work. Gratification, for girls, seems to come from the
study of the social issues comnected with science, they erjoy considger-
ing the effects which science has upon society and the moral and ethical

issues cennected with such topics.

It is interesting to note that there are virtually no girls, with the
exception of those who take CSE Human Biologypfwho mention the benefits
of the science course they are taking to them as individuals - other
girls only mention it as a qualification, a means to an end. The

Human Bioclcgists are very positive that the work has increased their
store of knowledge and has helped them towards a greater understanding
of the working of their bodies, how they should take care of themselves

and how it will enable them to look after others.

These benefits must be seen alongside the fact that many of the girls
experienced considerable difficulty in coping with the vocabulary,

particularly the *‘long words’.

Almost without exception the comments made by the girls about Human
Biology were positive, but they also showed that the girls had been
able to identify their own weaknesses and strengths in a realistic

fashion.

It was noticeable that the teacher's comments were also very positive

in that they were obviously written with the benefit of the pupil‘s
comments to hand. Weaknesses and deficiencies were highlighted, but
were not given undue emphasis and there were always encouraging comments
designed to 1ift the pupil's self-esteem and provide a motivation for

increaéed effort.
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By contrast the general science course was nct pcpular with most girls
because it was considerad to be too difficult, with topics such as
electricity and mirrors being mentioned as presenting tﬁe greatest

problems.

Examination success is seen as the sole mark of achievement in science
by the girls as I have already mentioned, so that all pledges to work
harder and to revise more thoroughly were given because the goal was
to achieve good examination grades. Enjoyment was rarely applied to
science by the girls, so that the general tone of their reéarks-was

one of having to tolerate science as a recessary evil in the pursuit of

certification.

At the same time'the profiles written by the girls carried with them a
generally low opinion of their worth in the subject. The greater number
do not see themselves as being capable of doing science successfully
and one wonders how this message has become so firmly and so widely

accepted.

TYeachers' comments, more often than not, centred upon academic‘achievee
ment which could be measured by academic success. Nowhere in the
comments was there any real evidence of the ideals of science education .
as laid down in the aims and objectives of the courses. Skills and
processes which were being developed and modes of thinking and reasoning
barely received a mention as the main theme of the comments seemed to

be centred upon learning - presumably factual learning - and attitude.

AN ANALYSIS OF GIRLS' PROFILES

The profiles are not seen as part of the learning process as may be seen

from the example below where the teacher criticises notes and homework,

but does not give any clues about what is wrong or what ought to be
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'done to.imprOVE»the situation. The final ccmment seems to suggest that

the girl'has deliberately set out to convince herself that science was

beyond her urderstandifg.

PUPIL: °'Science is a complicated subject for me. I find it hard to
learn and understand. My exam result was not very pleasing. 7o get
a fair grade in science, which I need;”I must revise more thoroughly
for my final exam this year. Science is not one of.my favourite

subjects, but sometimes it is interesting and I enjoy it’.

TEACHER: °Some progress has been made in her °Thinkingv about science,

but her notes and homework are well below standard,

This (attitude) has been a problem all the way through. (Girl's name)
very early on convinced herself that she could not do science and as a

result has never done herself justice®.

The girl admits te finding the subject difficult to learn and understand,
but she has not entirely rejected the subject as many would and points
to three things which might be used to advantage by the teacher. The
girl 'needs® the subject - a reference to an examinaticn pass require—

ment - she finds the subject interesting and she enjoys it.

The teacher does not make use of these points however as he highlights
the inadequacy of her homework and her notes, but nor does he make the
connection between those deficiencies and her inability to understand
the subject. WNo matter how hard the girl revises from those poor notes
she is not going to make progress in her understanding and neither will

inadequate notes help much with factual recall.

If, over the course, the girl has been working from a background of

“inadequate notes then it would not take very long for her to be
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convinced that she could not do science, because her grades, presumably,

confirmed this every time she took a test.

Nowhere is there any evidence that the teacher bas understocd the

pupil’s problem and seen an opportunity to provide remedial help.

A second example shows similar problems of achieving pupil/teacher
interaction to solve learning difficulties, and again shows the pre-

occupation with examination success.

PUPIL: ‘Unfortunately science is not one of my better subjects and it
tends to show. Some aspects of the subject I uhde;Stand,easily and

clearly, whereas there are others which I don't understand at all,

My mock exam result was average, really I was hoping for it to be a
little better. Hopefully with a lot of revision my final exam result

will be better. I feel that my progress is improving slowlyg“

TEACHER: °‘Very little learnt and understood, but mostly a good record
of work. Practical work and written tests have béén about_avérage for

the year group.

(Girl’s name) has not been prepared to put in the hard work reQUiied,

Her approach has been far too superficial for success in this subject®.

The teacher confirms the pupil's statement that she does not understand
some of the work, in fact she understands very little, and she has not
learnt it despite having a ‘good record of work®’. The record of work
may well be impressive in terms of presentation and even in;confent
because the girl has diligently copied what she haé to do; but without

the understanding which leads to learning.

Ihjcomménting about the superficiality of the girl's approach, is the
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PROFILES 10.
teacher referring 'again to the record of work which is perhéps only
éosmetically ‘good'? The teacher identifies lack of hard work as the
cause of the problem, but he doss not go deeper into exactly what must
be done to correct the problem. #He does not see a role for himself in
identifying those aspects of the work which the girl admits are diffi-

cult to understand.

After reading the report the girl is no nearer to finding the source
of her difficulties than she was before because no clues Have been
given which will help her to focus on them. Her only answer is to
imagine that by spending more time revising she can solve her problems,
but there is no indication that her revision techniques are adequate,

so she may never improve.

The following comment by a girl seems to usefully encapsulate the
difficulties, attitude and interests of many of the girls on the SCISP

course.

‘I don't fully understand all the subjects that we have studied in

science, but I'm prepared to tackle them if I am faced with the problem.

I seem to lack the background knowledge for certain problems, especially

electricity. °
Many of the words in science confuse me.

I prefer learning about the social problems connected with science

because this interests me more®,

The way that teachers tend to suggest that the resbonsibility for solv-
ing learning difficulties rests with the«pubils may be seen in this

comment.
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'She is working hard to improve her understanding and given confidence

should do well'.

Confidence will surely come when the girl achieves uncerstanding of the
work, it will not be givem in the wey & present is given, nor will it
be given in the sense that it will follow automatically from something
the girl does. The teacher gives nmo indication that he sees it as part
of his respensibility to help with developinc understanding so that

confidence will grow.
A similar problem of conficence was to bte found in this report:

PUPIL: 'I was verv disappointed with my "mock' exam results as I spent

a great deal of time revising and trying to understand my work.

I have difficulty in dealing with the problems which occur in the exam

papers'.

TEACHER: ‘'Good. (Girl's name) continues to work very hard. Her know-
lecdge of the work is cood; her basic understanding is good, but she
must work hard to maintain and improve her confidence at problem-

solving.

A very good attitude to work. Confidence and determination are what

are now needed'.

This girl has clearly incdicated in her comments a capacity for hard

work and a desire to succeed through achieving understanding, but she

is not happy in the problem-solving situation. The teacher then,

rather unhelpfully, urges her to 'work hard to maintain and improve

her confidence ‘at problem-solving', but the girl has lost her confidence
because she only achievec a diﬁappointing exam result even though she

felt that she had made a3great‘effort,'
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She clearly does not know what to do to begin&solving>problemsg‘ahd o]
reeds to be given some advice, guidance.and reassurance but the teacher
does not becin to supply this, in fact he thrusts the problem back at

her without any support or apparent understanding.

Pupils in schools aquickly build-up a picture of their own abilities in
relation to their peers using a variety of cues supplied, usually by the
teacher, but perhaps by other pupils. Sometimes however the child may

not receive an accurate message as the following example shows:

PUPIL: 'I quite enjoy the subject although some parts can be boring. I
am glad that I am not taking the exam because I don‘t think I would dc

very well in it',.

TEACHER: 'Quite cood. (Girl's name) is actually better equipped for
the examination than she believes. In many ways it is a pity she dec-

ided not to do it.
Good - (Girl's name) looks interested and for the most part works hard'.

The girl, clearly did not believe that she could perform well enough in
an examination to‘achieve even the lowest level of success in a CSE
examination, or at lesst a grade which would satisfy her need for self-
respect. The teacher on the other hand believes that she has the
ability. The question which must be asked concerns how the girl has
become so convinced of her own low ability and why the teacher has not
managed to communicate his belief that she was capable and boost her

confidence to the point where she was at least prepared to try.

Such a loss of confidence must occur over a prolonged period of time
during which time the pupil must receive signals that tell her that

examinations are not for her in this subject.
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The ;htereéting’point in this examble is that the girl was not simply
avéiding 9xamina£ibns because she was, in fact, entered for a wide
range of subjects to differe&t'examination levels, indeed she was also

entered for another science examindtion.

There are many instances where pupils offer, in their comments, infor-
mation which points to a genuine interest in science, but the teachers
Tarely respond to these in a positive way by using them as the basis for

developing wider scientific interests.

PUPIL: 'I find most aspecfs of science very complicated and of little
interéSt, i.e., valency, the mole, pH tests. 1 like learning such
things as druc abuse, dangers of smoking and drinking etc., - Things
that have effects on the society. If I am interested in what we are
learning, then I take an active lively approach to my work. If I am

not interested in the subject then I get easily distracted and get bored,

so then I make little progress'.

TEACHER: 'Can make progress when the mood allows her, but (Girl's name)

has been very inconsistent. She has avoided doing homework.

Very variable (attitude) - from the rebellious to the co-operative.
She often seems to have a head too full of other interests to be botheréd

with her science’.

The pupil is very open about when and why she loses interest but the
teacher chooses to ignore the positive side which she presents in the
form of an interest in the social implications of science, instead he
concentrates on the negstive aspects of behaviour: her inconsistency,
her inattention and:her rebelliousness. Because the girl does not
re;eiVE aﬁy praise or commendation those nepative aspects of behaviour

may well be reinforcec.
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AN_ANALYSIS OF BOYS' PROFILES
des profiles reflect a similar picture, with apparent appeals for help

often being ignored or not noticed by their teachers.

PUPIL: I find science very complicated and difficult to understand;
this has caused me to find it boring and stop my progress. Although
(Teacher's name) thinks I don't try I always attempt the exercise, but

always get bogged down with the detail’.

TEACHER: (Boy's name) is not without ability, but he has found it giff-
icult to follow the logical progression of the work. He has jdst about

floundered to & full stop.

(Boy's name) has not been willing to really work hard to overcome his
difficulties. He has adopted a rather defeatist attitude. He has not

been responsive to efforts to help him.

THéSe-comments refer to a boy who hasAa long history of problems wifh
communiceting his thoughts in the wfitten word, though he has consider-
:’able Qrél'skills>- he did receive very encouraging reports frqm two
subjecf areas which rely heaviiy on the writfen-wora‘4 English and

History - where he was praised for his efforts.

He has the additional problem of being very weak in mathematics being

ohly Jjust capable of basic arithmetic calculations.

Perhaps in view of these problems, which are well-documented and should
be known to the teacher, he has been somewhat harsh and unsympathetic

in his comments.
In comments about another boy a teacher comments that,

'Until the trial exam results I would have said "next to none"', by
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which he refers to the boy's achievement. He then goes on to give
credit for this exam performance when he says that the boy ‘certainly
pulled the stops out'. However when commenting about attitude to work

he makes the following statements:

'(Boy's nmame) has continued with his "acting dumb" silliness - The
trouble is the "act" rubs off on to reality. He seems largely uncon-
cerned about the final outcome. He has been his own worst enemy - and

it does not help to make lame excuses for not playing his part'.

There was a real opportunity for the teacher to capitalise upon some-
thing which was-pdsitive'and»quite-unexpected by the teacher and which
might have led to increased motivation in the boy. The teacher has

laboured the point about previous poor attitude and also suggests that
the boy is largely unconcerned about the final cgutcome, but would the

boy have 'pulled the stops out' if he was really unconcerned?

There were a number of interesting comments by pupils about the fact
tha{ they had begun to find science more interesting when they had
begun to work harder and had stooped 'messing atout', but there was
no indication whether tnis was the result of some form of externally
imposed discipline, the result of a personal decision or simpiy being

able to see the examinations looming ahead.

It was also interesting to note the differences which occurred between
the comments which a teacher made about pupils who appeared to be about

the same academic standard.

Contrast the following comment with those about the last pupil mentioned;
both are being predicted to achieve the same grade, but one appeared to
conform to the teacher's model of a 'good’ pupil whilst the other did

not.
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TEACHER: @(Boy°s name) has conscientiously maintained a slightly above
_averagé standard. His practical assessments have been rather disappoint-

ing.

He has always shown a willingness to work to the best of his ability.

He has a very stable and commonsense approach to the subject’.

Furlong‘(1977) SUQgests that if we adopt some of the insights offered
by SChutz sociology of knowledge it may be that teachers 'do not simply
respond to fﬁe world inrterms-of>psychological drives or cultural norms.
Rather_they'actively cohstruct their world by pafticipating in & soc-
ially derived body of_knowledge; they impose structure amnd organisation

on their world'. (Furlong, 1977, 163).

He goes on to suggest that by studying their accounts of what they do
we may find that they have provided a major resource for exploring

their common-sense knowledge.

We can look at teachers' accounts of pupils to discover how they typify

pupils in a way which is easily recognisable to other teachers.

Pupils may be seen as 'hard workers', 'lazy', ‘disruptive' or 'sensible',

'mature' or ‘'immature’.

According to Schutz, typifications can be used by social scientists in
gaining some leverage on what actors consider important in their sub-
jective worlds. he suggests that for a name to be provided for something
must indicate its "relevance" to the "limguistic in-group"'. (Furlong,

1977,175).

Within .each of these typifications there are a host of connected categ-
ories into_which pupils are pigeon-holed by teachers, but why do teachers

typify‘pupils in this way?
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Blanche Geer views teaching as a conflict situation which can be filled

with tension.,

‘We can approach understanding of one source of the conflict between
teacher and pupil if we think of teaching as an attempt to change the

pupil by introducing him to new ideas’. (Geer, 1971,3).

The conflict model which Geer uses was proposed by Homans (1951) and

takes the following form:

'A (the teacher) originates interaction for B (the pupil) by imparting
knowledge or diretfing'him to it. At the same time, A accepts the
obligation to see-to it that B responds as he (A) wishes. In fulfilling
his<reeponsibili£y, A evaluates the correetness of B's response and
controls B's behaviour during the interaction sufficiently to make
correct response possible . . . Teaching, in this model, is making the
pupil learn; and a teacher's task is one of so managing the conflict

his efforts may provoke that submission is temporary and the pupil’s

spirit unbroken'. (Geer, 1971,4).

Possibly most teachers would argue that this is not an accurate model
of teaching today, but it still seems to present a picture of life in

many English classrooms.

It is against this model that we can put some perspective on the actions
of those pupils who do not conform to the demands of the teacher. They
appear to deliberately undermine the teacher's position of authority and
prevent him from fulfilling his responsibilities therefore the teacher
must defend his own position and does this by 'labelling’ the pupil

according to the nature of his deviant behaviour.

In completing reports about pupils the teacher often uses a language
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which is part of the culture of the teaching profession and access to

this lancuage is, as Schutz explains, restricted to the *in-group’.

‘Any member born or reared within the group accepts the ready-made
standardized scheme of the cultural pattern handec down to him by
ancestors, teachers and authorities asvan unquestioned. and unquestionable
guide in all the situations which normally occur within thE‘SOCial worlag'.

(Schutz, 1971,32).

This in-group membership prdvides teachers wifh a recognised ahd accepted
knowledge base and authority position ffom which to make their statements
and rarely are they challenged which perhaps makes_it not too surprising
that they are not too enthusiastic about having another view Juxtaposed
with their own on a report form - it might throw the authority position

into guestion.
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EXAMINATIQN RESULTS

I decided to look at examinations results as evidence of the growth in
importance of science education in the school particularly since the

introduction of eight periods of science for all in September 1979.

In fact, the concept of 'science for all' wes imtroduced when the school
was re-organised, with science forming a compuléory element in the
curriculum for all pupils. Over the years ﬁhe importanée attached to
sciénce by tHe schooi has been emphasised by its curricular position

and by the increase of science provision for'the‘belowéaverage pupils

from four periods to eight periods.

1 was particularly interested to compare the results for boys and girls
since the nature of the assessment procedures in integrated science
give opportunities to display abilities across a range of testing

methods including multiple-choice and longer essay-type answers.

Furthermore with the growing interest in 'girls in science' I wanted
to iUVestigate the results for signs of increaséd academig success

which might reflect this increased awareness.

When the school became comprehensive in 1971, approximately twenty-
five per cent of all pupils were entered for external examinétions in
science., This figure compares with what has Hapdeﬁed over the last
six years when over eighty-seven per cent of those Whoﬂﬁéye.remained
at school after Easter (leavers at this time are about six to seven

per cent of a year group) have taken 'at least one science examination.

In 1972 of course many pupils would have left school at the end of their
fourth year, but the fact remains that all young people in the Dale now

receive a very full science education and most obtain certification
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of thelr studies.

It should be noted that the figures for examination results in 1979 and
1980 are somewhat different from subsequent years due to the different
curriculum pattern which was offered then, Agricultural Studies was
one of the subjects in an options group coemprising mainly practical
subjects therefore it was possible for academically able boys and girls
to opt for it so that they Were aétually able to gain three science
gualifications since they also took Integrated Science which was a

double subject.

The other major difference during-those two years was that human biology
had not been introduced, therefore the first set of results which ref-
lected the policy of eight periods of scierce for all pupils came in

1981.

Analysis of the science examinations results in Table I reveals that the
number of cancidates, both boys and girls, entered for the O Level
Integrated Science exahinations.has remained remarkably constaht OoverT
the years despite some ma:ked différences in the numbers of examination
candidates in the year as a whole. Surprisingly in 1979 when there

was a relatively large number of boys in the year group only eight boys

were entered for Integrated Science O Level, a situation which was

reversed in 1984, with few girls being entered.

The figures do seem to suggest & decline in the number of girls who are
being entered for O Level examinations in the department and of those
entered only about half pass Integrated Science A and usually slightly

more pass Integrated: Science B, but the figures are not consistent.

Effectively what this means is that between 10 - 15 per cent of all

girls are entered for O Level examinations and roughly half that figure



TABLE I
ENTRIES | BOYS | BOYS | GIRLS | GIRLS |  TOTAL CANDIDATES |
YEAR | sCIsP | :SCISP | SCISP | SCISP |-
B G| A B A B | BOYS | GIRLS | ALL
1984 { 14 | 5 |64.3 | 64,3 | 100.0 | 80.0 | 40 | 47 87
1983 | 13 | 6 | 53.8 |84.6 | 33.3|33.3 | s0 | 62 | 112
1982 | 13 | 5 | 53.8 |61.5 | 40.0 | €0.0 | 55 | 55 |10
o i
- , S
1981 | 11 | .7 | 63.6 | 63.6 | 45.5|36.4 | 52 | 48 | 100
1980 | 17 | 7| 64.7 |52.9 | s57.1|71.4 | 60 | 46 | 106
1979 | 8 |11 | 75.0 |75.0 | s4.5)63.6 | 59 | 63 122

0 LEVEL PASSES AS A PERCENTAGE

'OF SCISP O LEVEL ENTRIES

0
W]
G
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pass each subject. The number of girls who pass both A and B is very

small.

By comparison tne entry figures for boys are much higher, generally
between 20 - 28 per cent though the figures for 1984 reveal that 35

per cent of all boys were entered for O Level Integrated Science.

The pattern of O Level and O Level equivalent CSE passes (TABLE‘iI)
reveals that with the exception of 1979 the number of passes for girls
has been significantly lower than for boys, indeed over the six.years
the girls have only gained 58.1 per cent of the O Level passes»obﬁéined

by the boys.

The passes which girls have obtained have been generally at lower gfade
levels than the boys and the better performance in obtainimg 24 grade 1
CSE passes probably reflects the greater numbers of girls taking CSE
General Science and Human Biology, the latter being perhaps easier to
pass. A large number of boys do not take a second. science examination
because they take applied physical science which is a nonséXémination

course.

It is worth noting that if pupils transfer into the school during the
fourth and fifth year it is very unusual for them to have taken inte-
grated courses in their previous schools so they invariably have to take
General Science and one of the three science options - girls usually

take human biology. this improves the results in that subject.

The overall results in the CSE Integrated Science examinations do not
follow the same pattern as for O Level if the average grades are taken

as an indicator of performance.

For Integféted,$¢ience»é the boeys ayeragé grades range from 2.4 to 3.5



TABLE 11

GRABE

YEAR

TOTAL

TOTAL

1984

o
—

8

0

1983

13

1982

6 21

12

1981

3 17

11

1980

16

6 26

| 16

1979

10 22

19

TOTALS

29

57

27 | 124 |

5

11

32

 ’fi2a

72

"

14.7

28.9

13.7 | e3.2

25

| 5.6

BYYS

12.2¢

36.7.

O LEVEL SCISP.GRADES A - C AND
CSE GRADES 1 IN SCIENCES (ALL SUBJECTS)

e

A
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and seem to show & steady decline in grade levels over the six years and
a similar tremd appears in the Integrated Science B results, which range

from 2.6 to 3.5

The girls average grades -over the same period have shown similar wide
variations covering more than one grade difference in both Integrated
Science A and B, but there is no consistent pattern to their féSults.

(TABLE 1II).

I decided to investigate the-rafes of success in other examination
subjects to compare boys' and g@irls' performances to see whether the

results showed any similarity with the science results. (TABLE Iv).

As may be seen from the table of results girls perform significantly
better on English, but particularly over the last few years their
mathematics results nave been much lower than the boys and there is
evidence of a gradual downward trend. In a subject such as hiStory, in
wnich one might expect girls' verbal abilities to have a positive effect
on the results, their superiority seems to have been lost sihéé‘l980,

A similar position obtains in geography which reveals a relatiQely
stable percentage of O level passes over the six years, but the>girls

levels of achievement have dropped dramatically.

It would appesr from my analysis of examination results in selected
academic subjects that girls are less successful in achieving academic
success than boys with the outstanding exception of English language.
It also appears that this trend has become more marked over the last
three or four years, a phenomenon which might need to be investigated

by the school.

Rs further evidence Qf peffdfmance in examinations I compared the trial

eiamination results for fhefCSE Integrated Science group (Set 2) for



TABLE 111

CENTRY.{  BOYS | ENTRY.  fGiRLS
YEAR | A | B Al B
1984 8 | 3.5 |35 20 3;7 38|
1983 | 13 | 3.2 | 3.0 | 23 3~2,?»_Ié;9
1987 | 17 | 2.9 | 55| 22 s.p' :3;3
1981 ‘:21 2.5 | 3.0 i5 ’ ﬁglui,3;%
1956‘, j 13>;‘ 2.6 | 28| 18 |26 2.7
1979 | 18 :‘ 2.4 [ 2.6 | 2 | 31|31

'CSE INTEGRATED SCIENCE A and B
AVERAGE GRADES FOR BOYS AND GIRLS 1979 - 84

o

Wy
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the period 1978 - 85 comparing the MSan;mérkS}for gééhbdf the six

sebarafé,sectionse (Seé'Appendix~B,fof:ScEeme‘éﬁdgAims of Examination).

1 had expecteé to find-that the first pabéf onvihﬁegrated Science A and
B would revesl that girls tended to do less wéll“tb;h>bays_beéauée the
papef is an objective test requiring short éhsWersp.whibh do not allow
the girls to use their verbal skills. 1In practipeithg;e,@ésano clear
pattern since in some years the girls out performed tgé béys énd in

others the situation was reversed.

Looking at the two paper 31 I expected that Here the girls would be at
an advantage because the papers seek longer written answe:s; but there
was no difference between tHe means of the mean marks; théy were ident-

ical at 15,7 marks and 12.1 marks.

The greatest difference, though still small, was to be found in paper
A2 which revealed that the boys were one and a half marks better on
average, but the figures also showvthat both boys and §irls,perform
badly on this paper as they do on B2. Neither sex hés'been able to
obtain evén one third of the marks available on this paper.in the eight

years analysed.



TABLE IV

MATHS ENGLISH GEOGRAPHY HISTORY SCIENCE. SCIENCE
: ‘ A B
YEAR | B G B { G B G B G | B8 | G B B

1984 | 20.0 | 12.8 | 25.5 | 38.3 | 32.5 | 12.8 | 27.5 | 21,3.f322@s 106 | 22.5 8.5 |

1983 | 12.0 | 1.6 | 20.0{ 32.3 | 26,0 | 8.1 | 28.0 | 26.2 | 24.0 | 3.2 26.0| 6.5]

1982 | 18.2 | 7.3 | 32.7 | 47.3 | 25.5 | 10.9 | 16.7 | 18,2'| 20.0 | 10.9:] 18.2 | 10.9

1981 | 15.4 | 10.4 | 32.7 | 35.4 | 30.8 | 16.7 | 17.3.] 14.6 | 13.5 | 14.6 | 13.5 | 8.3

1980 | 11.7 | 15.2 | 25.0 | 52.2 | 35.0 | 37.0 | 18.3 | 32.6 | 23:3 | 13.0 | 23.3 | 21.7

1979 | 13.6 | 22.2 | 23.7 | 46.0 | 32.2 | 31.7 | 25.4 | 33.3 | 20:3 | 1.3 | 20.3 | 159 |

O LEVEL GRADE A - C AND CSE GRADE-1 PASSES

AS A PERCENTAGE OF GIRLS. AND.BOYS: : .
TAKING EXTERNAL EXAMINATIONS . ;




TABLE V
5,SCISP TRIAL EXAM RESULTS ANALYSIS 1978 - 85
INTEGRATED SCIENCE A ~ INTEGRATED SCIENCE B
BOYS
ENTRY YEAR AL A2 A3 Bl 82 B3
19 1978 275 146 309 310 Y 177
MEAN 14.5 7.7 16.3 6.3 4.6 9.3
13 1979 255 81 211 (12) 137 109 LIS (12)
MEAN 19.6 6.2 17.6 10.5 8.4 9.6
12 1980 267 116 243 170 102 153
MEAN 22.3 9.7 20.3 142 8.5 12.8
11 1981 195 74 190 112 94 107
MEAN 17.7 6.7 17.3 10.2 8.5 9.7
17 1982 361 107 293 256 (16) 139 209
MEAN 2.2 6.3 15.9 16.0 8.7 13.1
10 1983 201 84 119 114 100 143
MEAN 20.1 8.4 11.9 11.4 10.0 14.3
8 1984 137 73 102 82 70 91
MEAN 17.1 91 12.8 10.2 8.8 1l.4
15 1985 296 163 190 (14) 172 162 231 (14)
MEAN 19.7 10.9  13.6 11.5 . 10.8 16,5
MEAN OF |

MEANS

15.0 8.1  15.7 12.5 8.5  12.1



TABLE V

5,SCISP TRIAL EXAM RESULTS ANALYSIS 1978 - 85
» INTEGRATED SCIENCE A INTEGRATED:SCIENCE B
[ GIRLS | |
o ENTRY  YEAR Al A2 A3 Bl . 2 B3
14 1978 207 77 234 212 50 118
MEAN 14.8 5.5  16.7 15.14 . 3.6 8.4
15 1979 294 63 (16) 260 (15) 184 121 (16) 153
MEAN 19.6 3.9  17.3 12.3 7.6 10.2
15 1980 321 125 305 176 103 199 \
MEAN 21,4 8.3 20.3 11.7 6.9  13.3 ~
18 1981 299 69 282 171 - 109 138
MEAN 16.6 3.8  15.7 9.5 6.1 7.7
23 1982, 418 143 318 333 226 298
MEAN 18.2 6.2  16.4 14.5 9.8 130
i | 18 1983 374 . 185 253 225 174 257
§ MEAN 20.8  10.3 4.1 12.5 9.7 14.3
16 1984 261 109 179 151 131 201
‘MEAN 16.3 6.8  11.2 9.4 - 8.2  12.6
11 1985 251 79 155 ‘124 93 188
MEAN 195 7.2 14 11.3 8.5 7.1
MEAN OR 8.6 6.5 15.7 12.0 7.6  12.1

MEANS
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HISTORY 1.

A BRIEF HISTORY OF THE SCIENCE DEPARTMENT

It was in 1959 that the role of "head of science” first began to evolve
in the dale when the present head of sciznze was appointed as the
first sciemce tacher at the new modern school.

He recalls his interview:

"I'wasﬁ‘t a meek and mild sort of fellow . . . I had an element of
conceit about myself I knew I was going to do a good job and I said to
thécheaq@QSter, ‘Look I want a scalé*ﬁéSt st:aiéht away’ - I was a

p:abationer@ 'i«waht§g~a scéle*ppsfiéndll pnéssed.for it" - he got it.

His reason for entering teaching are interesting and throw some light

on his general philosphy of education.

After graduating from university as a botanist he obtaimed a diploma
in agricultual science ancg, disillusioned witn academic life, he dec-
ided to.go into agricultural advisory work, but was soon struck by

the trémendous "oroblems of igmorance" when trying to communicate with
férme:sn ,THis he saw'as a consequence of their edUbétion which had
been in éll=agé vil;age schools and propap}y did'no£~extend much

beyond primary level.

1t:was whilst he was questioning his decision to go into advisory work

that he got a temporary teaching job in a schgol in Hull where the
headmaster fired him with the enthusaism to undertake post-graduate

training in education.

It was at this time he first came into contact with, "this silly
prejudice about the separate sciences”, but he was more concerned with
science education for the modern school pupil and decided that that

was where he wished to teach.
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Having obtained his first post he "dabbled" trying to*diSbover;fbx
hifself what sciemce and science eduéatign was all about: being free

of examinstian pressures he could do this,

This was the time of early developments in Nuffield Secondary Sgi?hce
which was to bring general science "out of the doldrums® so that "it

began to make some sense”.

He began by teaching half-classes until the school expanded when a
part-time teather’Was appointed to work with him. At the end of his
first year the headmaster had 'suggested' that he might start a school

farm.

For most of the next eleven years the teacher continued to expériment
with science doing anything which interested him or his pupils, but he
particularly remembered the flashing light displays they created.
Science teaching then was very much a question of bringing the outside
in and trying to understand it in an atmosphere which was free from

formal academic structure.

When comprehensive re-organisation was first mooted in the-late 60's the
teacher decided that he did not wish to move therefore he must become
head of science, and began to act accordingly despite the fact that
there were possible candidates for the post from the grammar school in-

volved in the re-organisation.

The head of the grammar school was appointed to be head of the new
comprehensive school which was planned to be on the site of the modern
school. Strong local opposition to this decision caused the local
authority to revise its plans on the basis of a split-site school -

the two premises were thirteen miles apart.
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Desnlte creat reservations from the acacemics in the area, but with the
upport ‘of hlS headmaster the teacher was appointed head of science in
the,comprehen51Ve_5chool: the first of what he sees as several lucky
b:eeks.in‘hisvcaréersbeEeUSe in open competiticn he doubts whether he

tiould have got ‘the job.

Durlng the planning for the new school he remembers being exc1ted by
the prospect of O dand A level teechlng which would be acedem1¢ally

extendlng'after SO many years lﬂ the madern school: at the same time

sc;enee:CUrrlculum,

Duringﬂtheitfensitional period he got his opportunity to teach the
more-able pupils and began to realise that there were many *fundamental
scientific issues that were being completely skated over and taken for

granted by rote-learning".

He entered a period of fundamental reassessment of his teaching: a

reewakenlng which made him realise that he was unaware of what was

belng .done elsewhere, so he enroled for a heads of departments course

_ at Leeds Unlve151ty.

The department, which now consisted of the heed of department and'the
three grammar school scientists had decided to adopt the Nuffield
Combined Science course for the first two years and had begun writing
their own integrated eeurse for third year pupils which would feed

them into separate science courses in the fourtn ang fifth years.

Science provision'at the time of the merger was:

GRAMMﬂRv | MODERN
JA level Phy51cs9 Chemlstry, Biology CSE Biology and Human Bioclogy

0 level Biolagy (compulsory), CSE Agricultural Studies Mode 3
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Physics: and Cﬁémi§try School Farm
' (Options)

CSE Environmental Scierice Mode 3 14 Scientists 1 lab + 1 room

3 scientists 2 labs

The)head had plans for a full range of 0 and CSE options requiring
three labs on each site ang six full-time science teachers. Pruning
by the local authority reduced staffing to head of department plus
four and three labs on ene site and two on the‘other - ‘senior science

had to be ba§éﬁ on the grammﬁr schoel site.

At the Leeds course therheéquf,departmEnt»expléined his plans for an
iﬂtégpated thifd‘year course to Fred Archinholévwhorendﬁired whether

he had heard about the Schools Council Integrated Science Project which

was being trialled in schools at the time. The head of department

said that he had not, but he was invited out of interest to attend a

-meeting in Sheffield.

This meeting fired the head of department with enthusigsmfﬁbr the

SCISP approach as the Phase two schaols«w3£eﬂ§éing?bti¢f¢d,

"And there something seemed to click and'I just“beganﬂnbw to see, to

get the answer that I'd been guestioning myself on. What is science

teachinglall about? What should we be teaching?

But then out of the blue he was invited to join the other Phase two

schools to replace a school which had dropped out.

He accepted - this is seen as the second lucky break - but he had not
realised, "that I'd have to clear it with County Hall and the headmaster,

so then the really . . . the infighting really began”.

The'taSk‘wés'tﬁ”tonvinCe tﬁefﬁagdmasﬁer that a new-look science
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curriculum should be dgyelﬁpEdvin the turmoil oflreﬁdrgghisatioh -

this was three months before the new school was to open.

The fcilqwing;evidenCe.was supplied by the head of department ?rom his
perscnal records: and though it was Qnsignedliffis'tﬁdugbt to have been

written by the hégﬁma§ter elect:

1. 'Subject bogﬁdariés have alwayS'been arpitrary; Po person would

argue them to be absolute. The development of learnming is surely the
dévélopméﬁt df;CaEegg:ies of knowledge iﬁ which the rules of the game
arewsimilarb Thié_is‘a~m8éns of simpiificg;ion, a way of getting order
out of a vast figidgof himan experience, and subject diviéions.are

only a step in‘tﬁis process which goes further within the subject itself.
Development of learning, involves structuring of knowledge and I see
this project (SCISP) as gquestioning the ptésent structurihg*but also

suggesting another.

No teacher should teach his subject in isolation and I think the inter-
action of subjects from twe viewpoints is a.pOi"nt‘Of‘strehgth° I
quStion whether more psychology and sociology is.required than that
which should be dealt with thréugh the conventionalféubjects: in fact

separately I believe they would lack relevance.

I am all in favour of weight being given to the social consequences of
science. But to be a pSQchologist one needs to master the ceold logic
and reasoning of science and also the feelings of Uhdérstanding and
compassion seen best through the arts. If this argu%ment were developed
further it wdufd lead to the cohélusion that all subjects should be
taught together - an intellectual suet pudding which would baffle

everyone.
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2. It shgdld be_noted‘that theré‘are~dlffereniwleyels_df‘subieCtso
Secondary adbjeots are very much dépehdent on other supjeéts for their
basic elements. These basic core subjects must‘bé»fully:mastered~before
the secondary subject can. be undsrstood. Thus, bicchemistry can only be

reached through basic chemistry and biology®.

These points of v1ew were mot very encouraglng to tnz enthusiastic
head of department and he. recalled spendlng many hours at the head-
masters home DEIDQ "grllled" about hls plans. In fact the headmaster
eventually accepted the 1dea, but only as'a limited experlment for

third years and then 1t may have only been a timetabling expédient to

solve his options" problems accordlngf_o:the head of department.

Before the next major decision had to be made the headmaster died very

suddenly to be replaced temporarily by his deputy, who, after some

initial reservations gave the scheme his full approval.

Two members of the department had left the school becaise they were

‘unhappy with the rmew plans leaving only the chemlst from the old.

grammar school staff and he and the head of department have taught the

fourth and fifth year SCISP ever since.

In a bid to gain the support of the people of the dale who were still
upset at the loss of the grammar school the head of department issued

a set of notes to parents which outlined the new science position, but
he also asked his ex-grammar school colleague to write an article giv-
ing his view, and these were supported by the views of the newest member
of the department who had been recruited to teach Combined Science and

Agriculture.

When the new headmaster tock up his post in January 1973 he saw no

reason to interfere‘with the ‘new sefgnéeirthOUQh he himself is a
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chemist with no experlence of teachlng 1ntegrated sciehce courses.

At this time the pupils in.the fourthaand'fifth years Whouwere taking
the iﬁteg:atéd courses were given eight periods-egch week and it isas
expacied tnat thay would take either the double 0 level intecrated
science examiration or the CSE Integrated Science double subject Mode 3
examination which the head of department had picneered when the project

was first inmtroduced into the school.

When. he had first suggested that. such an examinagtion, based ori.a
redueed number of ;batterns' rom tne G level syllcous people had s&ic

: that 1t could not be done, hut he persisted, and flnally it was accepted
and by ;974 he-had suff1c1ent‘statlst1cal evzdenpe from‘the:examlnatlons

to prove his point,

The below-average pupils only had four perieds of science at this time
as the other four periods were allocated to a practical options block
which imcluded agriculture, but it was not regafqed'aﬁianjéd09qtiog§;ly

sound pattern of subjects since most were taKing tﬁre§>p;acticalfsubjECts,

In 1978 the third stroke of luck appeared in the shage?of.an,offgrﬂfrom

the DES to the local authority of some extra money for school building
and the authority seized the opportunity to end the fiasco of the split-
site school by rushing through plans for a new block to replace the

grammar school provision.

Although the new building cculd, in no way replace what had been lost
it did afford an opportunity to design three new laboratories, two of

which were specifically planned with SCISP in mind.

As the school was at last united the headmaster took the opportunity to

rationalize the science provision, so that everyore would have eight
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vperlods each week - much easier to ‘tlmetable° So science for the less=

able was LO cons;st of four periods cf General Science and four DEIlOdS

of ore of three science options: Human Blology9 Agriculture or a non-

‘éx§m1natlon cﬁurse“ApplledrPhys;cal SC1ence°

The laﬁest chapter in the development of the department began in

’Sépﬁ?hbgr 1984 when the school was invited to trial the New Nuffield

Combined Science course.
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QUESTIONNAIRE Q1.

THE QUESTIONNAIRE

The guestionnaire I chose to assess pupils® attitudes to science was the
modified version of the Science Pupil Opinion Poll which was developed
at the National Foundation of Educational Research by a team under the
leadership of Dr. L. S. Skurnick (1971), from the gquestionnaire form 104

which had been designed specifically for testing science attitudes.

Although the question on the modified questionnaire had been re-written
to refer to specific sciences, i.e., physics, chemistry and biology.
they had all originally appeared in a ‘science’ format on the original

guestionnaire therefore I re-wrote them in their originsl form.

There are thirty-three items in the questionnaire although only twenty-
nine are actually used in the measurement of the five factors which are

claimed by the author.

Items 3, 29, '31 and 32 are the items not included in the factor analysis,
but I left them in because I felt that as single items they might help
to throw some additional light on the attitudes of pupils to science

education,
Scale 1 - items 1, 2, 4, 6, 11, 12, 17.

Pupils scoring highly on this scale find this subject fun, something
to be enjoyed and to be eagerly anticipated during the school week with

the suggestion that they would enjoy doing more of this type of work.

The authors cite D. R. Krathwohl et als (1964) ‘Taxonomy of the Affective
Domain® and place this factor as being closest to ‘satisfaction in res-

ponse', or as they also call it the *fun factor’.



QUESTIONNAIRE Q2.
Scale 2 - items 14, 18, 23, 24, 26, 27, 28.

High scores indicate enjoyment and interest in practical aspects of
science work with particular emphasis placed upon working as a member

7

of a group in problem solving.

*Such pupils reject the description of the subject as jargon and they

consider the subject to be within their intellectual grasp’. (1).

Skurnick and Jeffs (1971) refer to such pupils as 'practical investig-

ators’.
Scale 3 - items 5, 7, 9, 13, 15, 16.

This scale reveals the worth and value which pupils place on the study
of the subject for its own sake even to the extent of it being an out-
side interest and linked with possible career aspirations. It therefore

seeks tg identify the ‘committed scientists’.
Scale 4 - items 21, 22, 25, 30, 33.

Skurnick and Jeffs (1971) suggest that there may be 'a practical -
theoretical or a concrete - abstract dichotomy' which is present which
differs from the practical element in Scale 2 which seeks to use prac-
tical work as an avenue to further investigation and speculation. Here
it is concerned more with levels of understanding and comprehension in
that pupils prefer the work to be presented in a non-abstract form
which directly involved them in the practical solution of problems, but
which also allows them to determine the structure and pace of their
work. Time to speculate and think about the work is appreciated in the

search for comprehension.

Scale 5 - items 8, 10, 19, 20.
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QUESTIONNAIRE Q3.
These items are designed to reveal those who have a long term ipferest
in science as a career and who have scught and obtained parental approval

for their ideas.

REASONS FOR ADMINISTERING THE QUESTIONNAIRE

I wanted to test whether there was a strong measure of enjoyment of
science particularly in the third year since this had been mentioned by
the two teachers concerned as a strong feature of their work with that

year.

It was felt that enjoyment played a major part in what they saw as a

successful introduction to the Schools Council Integrated Science course.

In my interviews with pupils a number of references were made to the
fact that they had enjoyed science more in the third year and I wondered
whether the present pupils in that year shared their feelings and whether
there was any noticeable decline in the 'fun' aspects of science as

pupils progressed through the school.

There were indications in my interviews with pupils that they enjoyed
the practical work because it allowed them to work as a co-operative
group in tackling a problem, but at the same time there were others who

felt there were advantages to working on ones own.

There appeared to be a feeling that perhaps science is too ‘wordy’ a
subject in that teachers very often use a large number of words to say
something which pupils are able to translate for themselves into rel-

atively few words.

Pupils would probably doubt the link which Skurnick and Jeffs (1971)
make between the subject not being bedevilled by jargon and at the same

time linking this with the ability to cope with the subject intellectually.
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QUESTIONNAIRE Q4.
The feeling would probably be that if the subject can be explained in
Jargon-free langUage then they are able o grasp the ideas and concepts,

but find great difficulty otherwise,

I would expect to find rather low-scores on this fifth scale which
identifies the ‘career scientist’ because of the naturé of the school
catchment area being largely rural with few pupils coming from homes
with significant scientific backgrounds. Pupils with an interest in
science to this level will largely come from middle-class families who
are normally identified as 'in-comers’ by the locals. However because
of the way the intake is possibly skewed towards the lower-ability
levels it is unlikely that there will be large numbers of pupils who
see themselves as having careers in science. In the locality of the
schdol there is no industry which could be said to be an influence in
encouraging pupils to want to pursue scientific careers in the way that
perhaps the large petro-chemical industries possibly influence young

people on Teeside for example.

The fourth scale is one which I believed might strongly suggest the
practical bias of the pupils, because several had claimed that they
would much rather do something or even watch something rather than have
a verbal explanation. Pupils claim that ‘doing' something for them-
selves considerably increases the chances of their understanding the
work particularly if they are given sufficient time to observe and

discuss the findings of these observations with each other.

Scale three is not one upon which I would expect very many pupils to
score high marks because they do not seem to be the sort of guestions
most young adolescents would respond to in a positive way in that they
seem to be alien when compared with youth culture and the mormal life-

style of the majority of pupils,ih a comprehensive school.
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GUESTIONNAIRE Q5.

PROBLEMS ENCOUNTERED IN ADMINISTERING THE QUESTIONNAIRE

I decided to administer the questionnaire a fortnight before the end of
the Spring term, but in the event a number of factors arose which had
some influence upon the data I was able to collect:

1. At the'time the school was hit by an epidemic of influenza which
meant that large numbers of pupils were absent from school.

2. One of the Teacher Associations decided to use the school in its
industrial action in support of their pay claim which resulted in
all pupils, with the exception of the fifth and sixth forms being
out of school for three days. |

3. Re-arrangement of end-of-term events because of disruption caused
by the industrial action.

4. Two of the science staff were absent from school on a number of days
during that fortnight in comnection with examinations and curriculum
development and they preferred to have the questionnaires completed

during their lessons because it would create a better atmosphere.

PROBLEMS OF THE SAMPLES

The sémple of third year pupils is probably a good representative sample
of the boys as it has caught most of them, but the girls sample is rathgr
low and represents roughly a third of their total. This year group are
ali involved in the same science course, namely the first year of the
Schools Council Integrated Science Course and they have all had identical
experience during the first and second years being taught Nuffield

Combined Science.

The samples in the fouth and fifth years present problems in that they
no longerfhaGe the same experience because at the end of the third year

there is differentiation according to ability.
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QUESTIONNAIRE Q6.
Roughly the top 50% of the ability-range go into two groups and study
Schools Council Integrated Science but the remainder follow a General
Science course based upcn Nuffield Secondary Science; this is for half
of their science time and they then choose from Applied Physical Science
(non-exam), Human Biology and Agriculture for the remainder of their

time.

I decided that there probably was no real problem as I was considering

science in general rather than individual subjects.



PUPIL OFINICN POLL
SCIENCE

Tesr Ccourges Sex
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G.

ke purrese of ikis questiorrzire is tc¢ find out what you think =zbout science
s it is teughit im your school. The cquesticnnaire contzins & number of
tatermernis atcut sclernce,

vou isel and thirk zbout these idezs znd whether you agres

and wronrg

1 =S . We would like you
statemente ir

Le tooklet.

‘his 1z not a2 test zxd tkhers ar
0 give vour owr oplri o z

Eirections

Rezd the sample item telcow.

Semplie item
I weould rather rezd =z tock thar waich television.
3 > )
Strongly Agroe Nect sure Disagree Strongly Disagree
zgree

Bach siztemernt is followed by Tive lettered alternatives, & to E which are used
to indicate how far you agree or dissgree with the stetement. Thus, if you
strongly disazgreed with the statement you would mark alternztive B as illustrated
above.

"Eacn statement in the booklet lcoks 1159 the sample item Wher you read esach
cne carefully, =2lso r iven telow it,

Ther. 'decide which QNE znswer best fits } our feellne\ and mark the box for that
- answer on your answer shteset. Please choose only one szlternative for each
statement ard iry to res statement. IT you mark az wrong letter
by misteke, erase ths ma sre rutting i1r the correct one.

the Tirst 'ratural' answer

Do net think too long o any one siztemert &
the itzms in the booklet.

T ki
as it comes to you. Try Ic z2nswer every one of

o
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dissgrec
There zre tec many Tacts to lesrr irn scicnce.
& R C D
strevgly £8re2 N gure disagrec
ZETrae
Science lesscns arc a wasto of *irme.
s B C D
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very much ~uch SO 2 little
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Very much much
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research team.
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3. I should like 1o hOlPJg (or like bhelonging) to 2 science club.
A £ c D E
very rmuch sCMe a little nct surs not at all

terms which are hard to remember.
& B C D E
W N S

strergly 2E8T¢C not sure disagree strongly
agree disagree
1
15, I wruld like to work with pecrlc whe make discoveries in science.
I 3 C D E
all the most of occesicnally seldom never
tire the time
16. I dc scicree ¢xperiments in )7 srars time ebout:
i 3 C D E
ance a cnce & cnce every once a never
vicek ricr.th threz months year

science periods each week.
C D E

['L B

strongly agrec nct surs diszsgrec strongly
aggroe disagree
18. I find science 4ifficult to undersiand.

e = c D E
sxircemely gifficulx in hetwoen casy very
difficuls easy

19. werts mo T bscome £ scleuntist.
. = C D L
Tery rmuch ~uch sCme not surec not at all
20. I should 1iks %c tccome o sclentisw.
A 3 C D B
Tery much cuch some a little not at =211

LusRN1IEG ACTIVITIES

21. I wculd much razher do exper ir. sciegrnce thzr. read abtout them.
A R C D ' E
alweys ircst of sonic times seldom never
the time

22, T would vather 1o - ascience exyperiment than listen to 2 lecture on the
game toric.
A B C v D E
strongly grres nct sure disagree strongly
agree disagree

23. I want to leary for myself why scicrce experiments turn out the way they

do.
& R C D B
very much much o little rnot sure not at all

S
I~
.

It is fun to gucss the outcoms oF ¢ “erce cyperiments

| (v 5 D E
strengly LT ot sure disagree strongly

grc: disagree

(@]

0
)
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25, It _i="the-exberiments in science- that make me-

understand it.

L b c D E
strongly agree noct sure disagree strongly
agree disagree
26. Viorking in cthe sciexncce laboratory is fun.
A B C D E
strongly agrece rot sure diszagree strongly
agree disagree
2%, Trying to solve @ science problem is interesting.
A B C D E
strorngly
zgree agree not sure disagree strongly
‘ disagree
;é‘ I woulc rather work out how to do z science experiment by myself than
| be vold.
I 3 C D E
strongly egree not sure disagree strongly
azZree disagree
2% eniov discussing sclienre problems raised ix 2locg with my fricends.
& B C D E
strengly agres not sure disagree strongly
agree disagree
3C. You czn Izern more from a scierce text book than by doing experiments.
I B C D E
strongly agree not sure disegree strongly
cgree disagree
31. BScience teachors always sk questions to which they know the answers.
& B C D E
sirongly agree not sure disagree strongly
agree disagree
12. liore sciencc equipnent 1s needed in schools.
A B C D B
strongly agree not sure disagres strongly
agree disagree
33. Science exreriments demonstrzied by teachers are more interesting than
the ones you do for yourself.
& B o D I
strongly agree not sure disagree strongly
agree disagree
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ANALYSIS OF THE RESULTS OF THE SCIENCE QUESTIONNAIRE

The purpose of the questionnaire was not to produce a detailed stat-
istical analysis, but simply to try to obtain a broad impression of
the general response to science among pupils in the three years taking

SCISP,

On the first scale which attempts to measure the degree of fun which
pupils express they have in science it may be seen that all third year
pupils, both boys and girls show that they enjoy the subject. (See
page ). The results for the fourth and fifth years indicate a
decline in enjoyment each though the low mean score in the fifth year
was largely attributable to three girls who obviocusly do not enjoy
science. The boys results show that they continue to enjoy science

throughout their course.

The results on scale two show a strong orientation towards practical
work amongst boys and girls with only a slight difference being shown
over the three years. These figures are perhaps to be expected since
the evidence in my research interviews revealed a strong preference for
practical work as it provided pupils with a visual image which helped
them to achieve understanding more easily than listening to a verbal

description or by reading about an experiment.

Boys showed a deeper general interest in science and scientific method
as measured by scale three than the girls though their interest was

not deep in terms of seeing science as having a central place as a life
interest. Girls generally and particularly by the fifth year were
definitely quite sure that science would not feature to any large extent

in their lives.

Scale four was concerned with the practical orientation towards problem-

solving as opposed to the abstract/theoretical approach. The results
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for both sexes reveal a very strong preference for work which allowed
them to spend time observing and doing experiments before considering
their results. These opinions accord with the emphasis which is placed
on investigative practical work in the science department suggesting
that the pupils find the methods by which science is taught generally
meet their learning needs. Perhaps this also indicates something about
the general level of intellectual development of these adolescents

ciffi-

Q)

oseing lower than tne fcrmal starce, wnich might zccount Tor &N

culty they have in handling abstract concepts.

The final factor was designed to reveal the strength of commitment to
a possible life in science and this produced the expected results with
noc-one in any year being totally committed to science at this stage

though there was a small number in each year group who were moderately
interested. Only one girl showed any interest in science as a career

and even then she only stood out because of the low scoring of her peers.

The overall impression of the results is that despite the fall in amount
of fun or enjoyment which the girls claim to get from science they are
keen on the approach therefore the results seem to suggest that there
may be other factors to consider other than the flat rejection of the
subject. It is interesting that the girls were alsoc positive on the
guestion of practical work since it has aften been stated that girls
prefer to read books or watch someone else, and it is also clear that
this enjoyment is not only because the girls prefer 'active' science,
but because they clearly see it as an aid to increasing their ability

to learn.

Boys clearly enjoy the science course and find that the approach suits
them which again is not surprising in an area which earns its living

from practical activity. Although few boys expressed interest in
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science as a career there was more evidence that the boys envisaged

that science would play a part in their lives.

If all factors are aggregated then only a very small percentage of

perhaps ten per cent or less were very negative towards science ard

only two girls seemed to reject it completely.

RESULTS OF THE SCIENCE QUESTIONNAIRE

SCALE ONE - THE FUN FACTOR

ITEMS ), 2, 4, 6, 11, 12, 17. MAX 35

YEAR 3 GIRLS RANGE 16 - 31 MEAN 22.4
YEAR 4  GIRLS RANGE 10 - 25 MEAN 18.6
YEAR 5 GIRLS RANGE 8 - 23 MEAN 17.0
YEAR 3  BOYS RANGE 17 - 33 MEAN 24.7
YEARR 4  BOYS RANGE 12 - 30 MEAN 22,1
YEAR 5 BOYS RANGE 14 - 31 MEAN 21.0
SCALE TWO - PRACTICAL INVESTIGATORS  ITEMS 14,
YEAR 3  GIRLS RANGE 16 - 27 MEAN 21.5
YEAR 4 GIRLS RANGE 14 - 26 MEAN 20.6
YEAR 5 GIRLS RANGE 13 - 29 MEAN 19.8
YEAR 3 BOYS RANGE 15 - 33 MEAN 23.8
YEAR 4  BOYS RANGE 17 - 30 MEAN 24.3
YEAR 5 BOYS RANGE 11 - 28 MEAN 23.0

SCALE THREE - COMMITTED SCIENTISTY

ITEMS 5, 7, 9, 13, 15, 16.

YEAR 3
YEAR 4
YEAR 5
YEAR 3

YEAR 4
YEAR 5

GIRLS
GIRLS
GIRLS
BOYS

BOYS
BOYS

RANGE 7
RANGE 7
RANGE 7
RANGE 6

RANGE 9
RANGE 8

t

20

15

16

23

23
20

MEAN 12.3
MEAN 10.5
MEAN 10.5
MEAN 14.5

MEAN 15.8
MEAN 14.6

MIN 7

18, 23, 24, 26, 27, 28.

MAX 35
MIN 7

MAX 30
MIN 6
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SCALE FOUR - CONCRETE SCIENTISTS ITEMS 21, 22, 25, 30, 33. MAX 25
MIN 5

YEAR 3 GIRLS  RANGE 17 - 25 MEAN 21.1

YEAR 4 GIRLS RANGE 14 - 22 MEAN 19.1

YEAR 5 GIRLS  RANGE 12 - 24 MEAN 18.8

YEAR 3  BOYS RANGE 10 - 24 MEAN 19.1

YEAR 4  BOYS RANGE 16 - 25 MEAN 20.5

YEAR 5 BOYS RANGE 16 - 24 MEAN 21.0

SCALE FIVE - CAREER SCIENTISTS ITEMS 8, 10, 19, 20. MAX 20
MIN 4

YEAR 3 GIRLS RANGE 4 - 15 MEAN 7.3

YEAR 4 GIRLS RANGE 4 - 10 MEAN 6.6

YEAR 5 GIRLS RANGE 4 - 12 MEAN 5.6

YEAR 3  BOYS RANGE 4 - 14 MEAN 7.6

YEAR 4  BOYS RANGE 4 - 15 MEAN 8.0

YEAR 5  BOYS RANGE 4 - 14 MEAN 7.6



