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An investigation into the problems in teaching.Phjsics at
CSE level to pupils of low mathematical ability; and ideas
for improving standards '
' B Collingwood

Abstract

The dissertation begins with a review of the general feelings
'regarding the standard of Mathematical Education in Schools
and. that shown by school leavers. This is followed by an
analysis of the publication "Aspects of Secondary Education"
which was produced after several years of investigation by
Her Majesty's Inspectors of Schools and must be regarded as

a highly relevant and critical appraisal of the standard of
Mathematical Education in England and Wales.

The problem Science teachers have in using pupils' Mathematical
knowledge as a tool in the building and understanding of
scientific fundamentals is illustrated by a detailed siudy of
two groups of pupils who were taking a Certificate of Secondary
Education course in Physics. This details, step by step, the
scientific theory covered by these pupils, the mathematical
requirements, specific examples of its use, and examines the
mathematical inadequacies of these pupils, listing the areas
which need special attention specifically for the efficient
teaching of a science course.

In order to promote a dialogue between the Science and Mathe-
matics Departments of this school a table of mathematical
requirements was drawn up which indicated topics, depth-of =
treatment and at what stages during the pupils'secondary school-
life they would be required by the science department.

From the initial study'of the pupils on this course, ideas
were formulated to attempt to overcome the poor standards of
mathematics found. This was done by integrating more pure



mathematical topics into the science scheme of work and
building strong foundations in the areas required, by a
practical approach of applying mathematical concéptSu

"It had been shown early in the research, by tests of a cognitive
nature carried out on a sample of 11 to 12 year olds, approx-
imately half of which had previously heen taught mathematics

by a prac¢tical approach and the other half by formal theoretical
rote methods of learning, that the use of practical applications
the teaching of mathematics had very significant benefits in

the learning and understanding process.

As the course progressed a booklet was developed, for the pupils;
of brief revision notes in bhasic numeracy and mathematics
concepts to aid the short retention life of their memories

and to overcome the‘poor standards of work produced by this
middle to lower ability range of pupils in their exercise

books.

Further booklets were developed to run as extra curricular
revision courses. The aimsof the bookletswere to show the
links between topic areas, to stimulate interest and motivation
| by the use of materials collected from different sources and
written in a way and at a reading level to assist the lower
ability pupils in performing the operations, to endeavour to
make the learning process less formal and at times fun,
because this vastly increased motivation,

Conclusions were drawn from this work and recommendations
for the future were made.

Key Words: School Physics Course, CSE Physics, Maths
for Science, Maths for Physics, Cognitive
Tests, Remedial Maths Booklets, Maths/
Physics Interface '
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- CHAPTER 1

Introduction

‘Since leaving industry and entering the teaching profession

in 1975 the author has been concerned that many teachers

| teaching thsics to the 11-16 year old range have found that
the lack of understanding and competence in certain basic
‘-mathematical skills shown by their pupils proved a significant
obstacle in the teaching of their subject. ‘A growing amount
of evidence exists which indicates that the mathematical
literacy‘of many secondary school pupils is below the

standard that many physics feachers would like or indeed,

‘expect.

If these pupils do not possess a good understanding of the
mathematical concepts and skills, suéh as those required for
basic numeracy and simple algebraic manipulations by the end
of the 'third year' when the option choices are made, they

are unlikely to want to, or be able to follow a physics course
successfully and-hencé they will be prevented from becoming

possible scientists or engineers.

Derek Duckworth-and Professor Entﬁistle in'their paper titled
"The Continuing Swing" [1] which related to pupils' reluctance

to study science stated

"Pupils have to make important subject choices at
age 13 or 14 which allow the pupils to opt out of
the demanding. specialist science course at a

comparatively early age" [1]

It appears to'be accepted by members of the teaching profession
who teach science, and those in industry dealing with
apprentices, that they will have to cope, in additicn to
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- teaching their subject or trade, respectively, with the
teaching of the mathematics required. The Royal Society in
1976 reported ' ' '

"... the pupils who are selected come into firms
unable to do the mathematics demanded of them in
the‘job. Industry is having to spend time and money
bringing their attainment up to standard" [2]

‘Doe [3] in March 1980 reported in the Times Educational
Supplement that mathematics was taught in isolation and this
referred to evidence submitted to the Cockcroft Committee by

'the Royal 8001ety when they said

"The best balance between pure and applied, traditional
and modern, is one which while firing the interests

of pupilé,'most effectively meets predetermined.
external needs rather than any intrinsic objectives
attributable to school mathematics in isolation" [3]

Mathematics teaching is not related to the 'real world' and
. other curriculum areas, even when these subjects either need
to apply mathematic techniques directly as in the sciences,
or when they glve broader illustrations of 1deas which are
on- the syllabus

With the advent of comprehensive education from the 1960's
ohwafds, and rapid_chrriculum development, mainly in ‘mathematics
with the introduction of 'Modern Maths' and to a limited

extent in science with the 'Nuffieid Projects',‘there has'

: pecome a gréater awareness of a ‘phase'difference' between
mathematics and physics teaching.

... it is not Surprising that there should occur
a.degree of mismatch in various areas. One such
area is the maths/physics interface in schools"

Royal Society and Institute of Physics [4]
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The improvement in the motivation of school pupils is very
important if understanding and eventual examination success

is to be achieved. Linda Dickson [5] stated that apprentices
she was studying at the London Transport Department‘s

Trﬁining School had suffered considerably'throughout their
school mathematics teaching and this was due "mainly to _
ineffective class control and low motivation through lack of
practical applicétion of the mathematics encountered". The

. poor mathematical ability of these apprentices_being rectified
in théir training centre where there was a relatively high
level of motivation achieved, from previously unmotivated
disruptive school pupils., - The Ehgineering Industries Training
Board [6] also stated that improved motivation could be
obtained by the appiication of mathematical concepts.

‘"They did overcome. the p;oblem during the first year's
training because of the high motivation of trainees
once they understood the needs for arithmetical
.skills as a part of their jobs" [6]

Graham [23] in his work related to the mafhematical needs of
entrants to the engiheering industry pointed out most
convincingly the importance of motivation, especially in the
case of older children of average ability and below. This
work was carried out undér the supervision of Professor Bajpai,
who in conjunction with Bond produced a textbook entitled- '
"Apprentice Maths" specifically aimed at improving motivation
ahd interest in cértain'areas of basic mathematics related

to craft apprentices. Furthermore Gatenby [26] in his
evaluation of this book found that there was such an over-
whelming enthusiasm and pbsitive response fron those people
using the book as either a teaching‘of learning aid, that he
 was convincéd "there was a great benefit to be gained from
introducing this material into schools" [26]. | |

The author also believes this to be véry true but would not’
limit the material to thit from the craft industries but

would include applibations from the real world and other school
curriculum areas such as the sciences, humanities and crafts.
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'Later chapters attempt to show that by incorporating relevance
and the use of a practiéal approach in the teaching, that
motivation can be increased in the same way as both Gatenby [26]
and Dickson [5] found, and this ultimately helps all other '
curriculum areas which use mathematics as a necessary tool.

Bond [2?] also investigated the mathematical needs of school

pupils and concluded in his work .

"Motivation is a wvital factor in-improVing standards
- of pupils within schools..... Pupils should be
taught'how to relate mathematics to everyday life

and practical problems" [27]

" A report in a daily newspaper, regarding a government backed
report indicated teachers were turning brighter pupils off
‘mathematics by their boring lessons and it was now one of

~the most unpopular subjects in Britain's classrooms. Further-
‘more a réport to Cockecroft [7] stated

"Mathematics lessons in secondary schools are very
often not about anything. You collect 1ike terms,
or learn the law of indices, with no perception of

why anyone needs to do such things"

In fhe following work the author interviews many school pupils
" who confirm that they find mathematics boring and that they |
have no.comprehension of why they are being taught many of
their mathematics topics. '

At the presént time the GCE fO"level and the controversial
' CSE are taken by 83% of teenagers although these examinations
were ofiginally deSigned only for the top 60% (Mark Carlisle
:_[8])._,Figures issued by the Midland Region CSE Board in '
__'their pamphlet "Report on the examination 1982" explained the
-gradiﬁg é?stem and they indicated that from all the pupilé'
taking tﬁis exam, (many of whom_wefe originally thought to
"be below the standard set when_it,was created) oniy approximately
'3%'were.'ungraded'. Some of the statistics from this pamphlét
are shown in Appendix 1. 1It, therefore, appears that the
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standards must have been moderated downwards to allow some
approximatelﬁ 20% of the entrants to be graded, and this is
very evident when comparing questions from examination papers
‘frdm the beginning and end of the last decade. Nowadays the
vast majority of questions in subjects where mathematics is
applied are devoid of any mathematical‘cbntent or those few
guestions that contain some mathematics are restricted to
very basic algorithms. - '

The CSE Board in'their examiners' report state quite clearly
that any questions. involving fractions and decimals are very.
poorly done, whereas multiple choice type questions and

brief written answers fare much better. Even at GCE sfandard
in Physics many examination boards appea:‘to be removing
mathematical based topics, such as the field of mechanics from
the syllabus. Any questions requiring a good underétanding

of mathematical concepts, such as formulae and their manipulation,
~and a proficiency in numeracy are being phased out in favour
of the more abstract, non-mathematical physics concepts,

Numerous reports have been written regarding thé‘"falling
standards" of mathematical proficiency, The IMA in their
evidence to the Cockcroft Committee [7] stated, regarding the
'basic weakness of mathematics teaching:

"The relevance of mathematics was not understood and
the introduction of each mathematical skill needs

to be clearly-related to and illustrated by every-
day practical applicationsof that skill"

‘Times Educational Supplement [3]

- The author believes that more teachers should gain industrial
‘experience by'taking advantage of the secondment schemes
availaWle. Very few teachers are able tb.apply-their subject
in a meaningful way as they have no personal experiences of
‘the,mathematics utilized in the industrial field and hence
find difficulty in bringing their subject to life.



'Maggs [9] stated

"If schools are to be able to motivate their pupils
then teachers themselves must be aware of the
applications of the mathematics they are teaching.
There must be a greater iink than at present between
school and industry". i

Dufing the author's contact with industry and commerce he
formed the opinion that they were far from happy with the
results of the education system with regards to pupils: of
average to low ability,believing overwhelmingly that the
mathematics the pupils had been taught bore little or no
resemblance to their needs. '

The Government's Assessment of Performance Unit reported
that 15 year olds are not much better at mathematics than

11 year olds, and the survey indicated practical application

showed up pupils' weaknesses in basic mathematics [10].

The author feels that the country urgently needs mathematicians.
. who have a sound mathematics foundation and the desire to use
theif knowledge in the solution of practical problems. Pupils
often make mistakes in not being able to assess from a
practical situation what particular mathematics process is
required to solve the problem., The C.S.M.S (Concepts in
Secondary Mathematics and Science) study [11] carried out

at Cheléea College showed that many ﬁupils were unable to
recognise from the wording of a problem what particular
.mathematics.process was needed to solve it, and that they

. were unable to feverse the procedure and express a mathematical
problem'in words, These pupils had a very low boﬁceptual |

understanding.

Teachers must plade their emphasis on conceptual iearning not
Jjust algorithmic learning and include in any mathematical
course lots O0f discussion so that pupils are able to express
themselves and apply their knowledge to solving problems in

other subject areas or unusual situations.



An article'entitled,"A Manifesto for Change" [12] caused the
Derbyshire Education Committee to take notice, .and this resulted
in a course being arranged for head teachers in which they
discussed this article in detail. In the article it stated

"In a modern sbciety, oral fluency is of ever greater
importance because communication in'practical affairs

is increasingly oral, either face to face or by -
telephone. At work, accurate interpersonal commﬁnicatiou
is central to efficiency, but often falls short of

the necessary level of competence” [12].

Children who are able to do mathematics in their mathematics
classroom often cannot cope with the same mathematics required
in the sciences and other subjects because of the different

way of phrasing or symbols used or possibly due to the fact
that the mathematics is hidden in amongst lots.of words. This
was confirmed by The Royal Society and the Institute of Physics
‘JointICommittee for Physics Education's working party on the
-relationship between mathematics and physics at the pfé-O-level
stage in secondary education [4].

Great emphasis must be placed'on the teaching of mathematics
as a tool to be used for the solution of problems in other
curriculum'areas Professor Matthews and Margaret Seed [13]
in their paper on the "Co-existence 1n SThoolg of Mathematlcs
s.bdue, Sco. |echﬂdog<j
and Science" which appeared in the Lns%&%a%e—e%—ﬂ&%hema%tts

Jeuraal stated:

"If only such links between mathematicai theory and -
scientific épplication could be made it would surely
both enliven the mathematics and stress also its

‘importance as the language of science" [13].

Cﬁildren must be encouraged to think,rdiscuss ahd understand
the concepts behind arithmetid Operations because skills
gained without understanding are in the long run unacceptable,
in that there is no foundatlon for bu11d1ng on, or‘preparatlon

for future innovation.



Maggs [9] confirmed this when analysing the errors made by
future teachers during their training, when he tested them
on some basic arithmetic skills. He stated

"These school Ieévers, future teachers and present
teachers were unable to succeed on these fairly
elementary'questions; simply because of their lack
of comprehension of the concepts involved" [9].

Mathematics should be taught as an integrated subject, both
internally and externally. 'The'understapding of inter-
relationship of concepts, -combined with their application in

the world outside is of paramount importance.

"Each concept has associated skills which gives them
mathematical appeal and each of concept and skills
. is useless without the other" '

' Profeséor G Matthews [14]

Future mathematics teachers must appreciate this and be fully
proficient in applying this in their teaching; from the start
of a child's education through to the moment when theyluse
their knowledge to some useful purpose  in theif‘employﬁent.
Again Professor Matthews and Margaret Brown [15] reporting
on. the European Seminar on Mathematical Education stated

"The mathematics of the world of the pupils was felt

_to be the first priority for the future ... again it
is important to'educate‘teaéhers-to see mgthematical
poésibilities in football pools, newspapers, the
local factories, ete" [15] |

The traditional curriculum of isolated subjects, often
developed as specialisms at too early an age is inadequate for
the modern world. The pupils in schools should have minds
which are well informed over a wide range, used to finding and
usiﬁéjnfonmujcn in the solution of real life problems. Schools
should provide a broad, integrated education which can serve

as a good grounding for any specialism at a later stage.
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Maggs [9] indicated the need for integrated subjects in
secondary education |

"Children working on mathematics in integrated
topics or environmental studies were very
motivated and were more aware of the mathematics
in its relationéhip to the lives we lead" [9];

It is interesting to see that Linda Dickson [5] found a total
lack of practical application in mathematics lessons when she
interviewed the teachers of the apprentices she was studying.

"Mathematics teachers met during the course of
Writing this paper displayed ignorance of the
_practical applications of their subject in an
industrial context, which with ineffective class
control resulted in low motivétion and achievement
of the pupils'" [5].

The author feels subjects are often taught in a narrow one-
dimensional form which deadens, rather- than arouses zest for
learning. In order to appeal to the whole mind and, therefore,
to develop the whole personality, subjects should be broadened
into experiences which draw out, within the same confext,
intellectual éapacity, aesthetic appreciation and practical
_application. It is the lack of such enrichment and life.
relatedness that pupils often condemn what they have to learn
as irrelevant, and hence mathematics has become regarded as

the most boring subject in the curriculum.

Teﬁching subjects in all their dimensions in no way implies
'a ioss of rigour in studies but it—doés give a subject an
'appealing reality and prepares pupils for the complexity of
adult life. ' ' ‘

An article in the School Master and Career Teacher, January 1980
expressed the Vview ' '
"The "school tbo, of course, should operate in a

‘dynamic relationship with the sufrounding community"
[12]. '
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The isolated'specialist, teaching in the isolated classroom
in the isolated school cannot provide the right educational
environment for young pebple'growing up in an inter-related
- world.

. The Royal Society's working partyon "School Mafhematics in
Relation to Craft and Technician Apprenticeships in the
Engineering Industry" summarised their findings and stated

"Motivation seems to be the key factor in the progress
made in mathematics during their first year of
industrial training. This may indicate that pupils
often lose interest in mathematics because they

find it difficult when it is not taught in a

context of 'real-life' situations" [2]

They also suggested that the final year of a pupil's schooling
should ﬁrbvide a useful period fbr reinforcing the work

(in_cluding mathematics) which they would need in their job - for example
Practical courses in mathematics which they hoped would lead

to motivation and hence all-round improvement in ability '

and comprehension,

"With the view to improving the links and dialogue between
schools and industry; and to stimulate school pupils'

interest in local industry, the CBI are to back schools in

a research competition. The initial motivation being large

- prizes but it is hoped that links set up by the competition
will be the foundation for a strong énd friendly relationship.
- They stated: ' | |

"The pupils of today will be respdnsible for
creating the nation's wealth in the future"”
Derby Evening Telegraph [16]

This scheme has also got the backing of the East Midland's
Industrial Information Group and the local Education
Authorities who obviously see the need for, and the -benefits

that can come from such an association.
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“Public concern has been repeatedly expressed on aspects of
mathematical education such as:- The low motivation of pupils,
the lack of application of the mathematics being taught, the
lack of ability of our mathematic teachers, the reputation of
mathematics as being too difficult or boriﬁg and the failure
of the education system to provide all children with their
basic mathematical needs. A sélection of quotations which

the author feels substantiates the overwhelming feeling
regarding this concern foilows: |

Margaret Brown [17] stated regarding this concern and
- eriticism expressed about the low level of achievement of
many children in both primary and secondary schools

"There is evidence to shbw these criticisms have
at least some justification and there are indeed
-a large number of children, maybe the majority;
who_aré without what are usually considered to
be basic numerical skills" [17]. |

From the article "Manifesto for Change" [12]'it.was stated

"Syllabus reforms that have been developed from
outside school have less chance of acceptance and
understanding than those that originate in schools
themselves, but there is no doubt that more
involvement by schools in consultation with Further
Education and the "world of work" would result in

a greater awareness of the need for school to

adopt a more outward'lookihg approcach in curriculum
matters" [12]. e '

Concern expressed in a teachers' journal stated .

"Until the standards of mathematics teachers
improves within the schools the mathematics
standards of those recruited into teaching will

certainly not improve" [18]

and
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"Primary schools cannot expect to provide_satisfadtory
standards in mathematics unless a specialist
~teacher of mathematics, knowlgdgeable about primary
~practice is available to co-ordinate the

curriculum and provide general teaching advice“ [18].

7Margaret Brown in her work on 'Cognitive Development' stated

‘"Many children learn algorithms in isolation from
the concepts, sometimes because the teachers make
no effort to relate them" [17].

Malcolm Swan [19] in his investigations for the Shell Centre
for Mathematics concludes -

".... that most of the mathematics currently being

| taughf is devoid of any practical application and
is completely isolated from‘the rest of the school
curriculum" [17]

and

".,... children find it quite difficult to identify
the algorithms required for solving practical
problems" [19]. ' "

An article in the Times Educational Supplement, entitled
"Face to Face with Failure" [3] expressed the view that

"The introduction of each mathematics skill needs -
to be clearly related to and illustrated by every-
day practical applications of that skill" [3].

The HampShire Education Authority [20] on the decline in basiec
“caleulating skills stated Lo o
"The problem of motivating pupils is taxing:
teachers of the fourth and fifth years in secondary
education to an increasing extent" [20].

The Royal Society [2] expressed the view

"In some cases children lose interest in mathematics
after the age of 11 if they do not see its -
relevance or application"
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and
"Specially prepared materials should be produced
such as films, tape-slides, books and example
sheets, illustrating the use of mathematics in
industry which may help to motivate the pupils" [2].
Finally,

‘"Making maths enjoyable was a contribution to the
long-term improvement of all aspects of maths
education" [3].

In view of all the evidence and opinions, great emphasis must
be placed on motivation, enjoyment and some effort must be

- made to integrate mathematics with examples from other

- curriculum areas, as a means to improving the all-round
 'ability of school leavers. | '

'The author fully believes that motivation amongst school
children is only to be gained by teaching mathematics in an’
environment which is related to external needs and in a manner
which stimulates interest and enjoyment. Later chapters
investigate the feasibility of this by incorporating some
mathematics teaching into science lessons as an_integral
part of science concepts. ‘Mathematics must be taught in
conjunction with other curriculum areas, not in isolation as
is the present pracfice in the majority of schools, to over-
‘come pupils' inability to apply their mathematics knowledge.
To this end the author has analysed a typicai physics course
for mathematical content and produced a boocklet for his‘own
mathematics department detailing order of mathematical
‘requirement for the success of the science course and many
examples of the uses of different mathematics-cpncepts in

science.

" "Mathematics in the past has often come to the aid
of science .... it is now time for science to repay
its debt and save mathematics from a new fossilization
just as it has escapéd from the old one" [13].
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The author believes the fossil is hardening rapidly and some-
thing must be done soon, he feels this should be the partial
integration of mathematics and science which may ultimately
benefit both curriculum areas and to this end the author has
carried out the work illustrated in the forthcoming chapfers.
Certainly in science it is necessary to counteract what is
seen as a declining interest in science amongst young pecple
and create the correct impression of the nature of scientific

endeavour.
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‘CHAPTER 2

Methods Adooted in this Enduiry.

The problems the aufhor is faced with in téaching physics to
.pupils between the ages of 13 and 16 are:

(1)

(2)
(3)

(4)

(5)

(6)

(7)

The majority of pubils do not understand the matﬁematics,

‘no matter how basic, they are expected to use.

The pupils cannot adapt to the different ways of phrasing

problems, or the different terminology used in scienti-
fically based mathematical problems.

The pupilé-have an inherent dislike of mathematics, which
results in very low motivation especially in mlddle to low

=ab111ty children.

Thé pupils'have hqd_unsettled mafhematics education due

to changes in the type of mathematics éourse taught and

constant changing of teachers, often the use of ‘'supply’
teachers for long periods of time to replace teachers who

- have moved to other schools and for whom replacements

cannot be found.

The mathematics taught is done in isolation, very.rarely_
is it applied to other curriculum areas. '

The mathematics teaching is-often,out_of step with fhe-
requirements of the physics course and'dialogue between
departments has been fruit less mainly because of the
mathematicians. '

The eventual dislike of physicsldue to its mathematicai
COntent, causes the pupils to 'switch off' and opt out

of thé more mathematical sciences. Many of whom could

have p0881b1y gained some sort of success.
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(8) The pupils are unable to discuss problems, or estimate
order of magnitude'answers or realise when an answer is of
a totally ridiculous magnitude.-

These problems have been with us for a long time, and whether
the advent of modern mathematics'has made the situation worse
is debatable. The result is that the mathematics required for
the physics course has to beltaught along with the physics
theory and serves as a severe obstacle to progress.

In this research the author analyses the mathematical requrements
" of the East Midlands C.S.E. syllabus 1 Physics course, as this
- is the level which seems'to cause the-greatest problems, and as.
- each section is taught notes the difficulties the pupils have
in coping. At various stages where particular difficulties
arise,testswgre developed to discover the depth of the mathe-
matical problem (Appendix II). |

This analysis led to (i) The developing of a necessary ﬁremedial
course" of mathematics in the form of bookelets, which the

pupils worked through 4s -extra curricular work both at school’
and at home. (Appendix III). These were basic mathematics’ themes
taughf as if they were:pa:t of a mathematics lesson (ii) ‘A
course of experiments wag developed to cover some physics theory
_and involve lots of similar mathematics practice. The intention
was to show the pupils how the mathematics they had been taught
was needed and a vital part of science, to integrate and discover
if application and relevance was a means to increase motivation,
enjoyment and hence the possiblity of improved understanding, as
was the author's belief,

A questionnaire (Appendix IV) was issued to the pﬁpils to find
out their opinions of mathematics; its application; why pupils
did not choose to do physics to examination level in years 4
aﬁd'Sj and various items which hay have related to theirimathe-
matical proficiency; was the dislike of mathematics a major
contribution to the reasonably low levels of participation on -
such courses and hence the loss of possible future scientists
and engineers? Also as Cockcfoft suggests that low mathematical
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attainment could result from having~sevéral different teachers,
jﬁst how many mathematics teachers these pupils had had from
Year 1 of the secondary school. The author is well aware of
the problem of finding mathematics teachers, which virtually
affects all schools and the pupils who suffer most are the
‘'middle to lower ability range. ’

'In order to gain 'a deeper insight into the pupils feelings on
the topic"mathematics' the pupils were asked to write essays
and some were interviewed on tape recorder, at which stage they
were asked to comment on some of the application of mathematics
tried in the mathematics/physics intégration.'_(Appendix V).

- At the same time as the pupils were being investigated, many
from the teaching profession and associated professions were.
asked about the problems they faced in teaching science, with
regards mathematical ability, and how those areaé could be
possible overcome. This was carried out in the form of an
interview, tape recordings of comments, and qdestionnnaires
and hence an overall picturé of the situation arose from
which suggestions for the future could be made (Appendix V).

During the appraisal of the physics course a list of mathematical
requirements (in chronologicai order) for science teaching was
drawn up and examples of their uses issued as part of an initial
',dialogue with the mathematics department and to improve
communications which hitherto were non existent. (Chapter 7)

A 'Mathematics for Science' booklet was developed for the pupils,
(Appendix VI), which started with Basic Numeracy, illustrating
the uses in the area of science, and which could be expanded as

. the course continued, in both depth of topics covered and in

the number of different examples used. This was felt important
as a form of mathematics revision notes, but also to show the
need for learning the different mathematical‘concebts for use in

practical application.
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- Some booklets of pure revision or perhaps remedial mathematics

- work were developed which tried to show the links between
mathematics topics. They were written with the lower/middle
‘ability pupils' reading and comprehension age in mind, including
many worked examples, and some, but not too many, questions on
each topic. Also included was some of the more enjoyable,
amusing aspects of these topics such as quiz type questions

and puzzleswhich-tended to fascinate the pupils.

' The series of experiments involving integration of mathematics
and physics would show the pupils reactions to'}elated mathe-
: matics", so that further work could be contemplated and
recommendations for the future made. This work was carried out
by the author, without the help or in conjunction with, the
mathematics department because they were in a total state of
change, that is, they were between new heads of department and
- between new mathematics schémes, changing from SMP to one of
_f:the innovation of the head of department - which was contrary
~ to the wishes of the rest of the department. (Chapter 6 and
Appendix VII). ' ‘

- During this work the author had a feeling or hunch that appli-
cation and practical mathematics aided understanding through
pbssibly inereased motivation and interest, so he tested the
conceptual understanding of the pupils in Year 1 at Ripley,
Derbyshire, half of which had undergone a very practical and
applied course, the other half having-followed a typically
‘traditional 'rote type 1earning7 cdurse to see whether this
was so and theréfore incorporate more of this tﬁpe of work in
his remedial work with his science classes-(Appendix.VIiI).

Also a form of control group, which was composed of children
from throughout the Derbyshire area and not from the author's
school, the author compared the mathematical abilities of these
children, aged 16, with his pupils. This was. done with the help
of the local college of higher education who used a ""National
Test" on 16 year olds who were seeking employment in the
printing industry in Derby. The analysis_of this test

(Appendix V), indicated the same problem areas were common to

both groups.
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A physics course is very limited in time when one considers

~ the lengthy syliabus to be conmpleted and so to have to teach
the mathematics required in order for the pupils to understand
and complete their physics course serves only to make matters |
more difficult. The author has had to take this into consider-
ation in his work and not to jeopardize the chances of his
pupils gaiping the best grade possible in the examination.

It was hoped to tempt other science teachers into trying a
method of integrating mathematics with their science teaching
but the author appreciates their reluctance due to time shortage
but could not fully agree that this is solely a mathematics
department problem. However theré is an overwhelming amount

of infdrmation-within the school curriculum which could be used
successfully in mathematics lessons which is being ignored at

present. -

The‘enquiry starts with a section devoted solely to the H.M.I.'s

- views on mathematical education in England in which they

| critically'analySe.all aspects of mathematies teaching; and how
this related to the authqus school. (21),. This work points the
‘way for the need for fesearch into promoting mathematics as an
interesting, enjoyable, relevant, practically based subject
necessary for'living and working in the world at large and to
the need for integration of other curriculum areas into mathe-
matices teaching, Mathematics should be taught, partly for use
by 'CONSUMERS'

"A child who is perfectly able to give the length.of a:rectangle
having area 10 squéré metres and width 2 metres may be unable
to begin if the area is given as 9.5 square metres and the

width 1.7 metres .... Panic brought on by the.proépect of having
to calculate with,deéimals has clouded mathematical understanding.

"This business of working with 'realistic' numbers (such as the
numbers obtained from experimental méasurements)'often troubles
pupils when they come to do calculations in science lessons.

It is not always easy for the science teacher to appreciate the
difficulties which children find in applying to laboratory'work
the skills learnt in mathematics lessons, and the joint efforts
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of scientist and mathematicians will be needed if they
are to surmount these hurdles successfully" (22)
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CHAPTER 3

A review of "Aspects of Secondary Education"

This survey, published in December 1979 by the Department of

: Educatien and Science was the result of H M Inspectors' work.
over a period of four years (1975 to 1973) in which they
visited a structured sample of approximately 10% (384) of
secondary schools in England, with regafds to Mathematics and
Science teaching., It involved detailed appraisal of all

- aspects of mathematics teaching, not only the lessons so
described on the timetable, but it was considered essential to
study the mathematics occurring in Science, WorkShop, Art,
Craft, Geography and Social Studies.

It stated that mathematics was a compulsory,Subject and 80%
of all pupils were following examination courses:

GCE 22% of pupils (approximately)
GCE/CSE 13% |

CSE 52%

The range of ability of these pupils was considered to be too
wide for the design of the examinations.

Although almost every pupil takes a mathematics course of some
kind, the content varies_cbnsiderably. Some pupils, almost
invariably those with relatively low ability, take coursesin
Arithmetic which may or hey'not lead to external examination.

This variation in conteﬁt of course produces public confusion -
and debate. There are over 50 syllabuses available at GCE
and CSE level, '

The report states that ever the years the differences between
the approaches called Traditlonal and ‘Modern has dlmlnlshed and
most schemes of work are a compromlse between the two extremes
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Figures given: Traditional courses 42%
Compromise N 33%
- Modern 25%

HoweVer more schools are turning back to Traditional courses
for the less able.

The H.M.I accept the fact that there is éﬁncern regarding the
standards of achievement, but that changes in syllabus or |
greater uniformity of syllabus could by themselves eliminate

the cause for concern. Whatever the'syllabus it is ultimately
the interpretation which the teacher gives to the subject matter
and the teaching approach used which is crucial. '

Parents and public demand examinaﬁion success and schools
recognising this, attach great importance to it, especially in
‘ mathematics; Teaéhihg_is therefore restricted in approach;
ig‘rather than expanding_on ideas embodied in the syllabus,

Thé survey states C.S5.E. courses are intended for the middle
- range of ability and are examined in three different modes:

Mode 1  (75% nationaily in 1976):"  the syllabuses are .
decided and the examination set by the

Examination Boards.

Mode 2 (5% nationally in 1976): the syllabus is
~° formulated by the schools and the examination
"set by the Board. | |

Mode 3 (20% natioﬁally 1976 ): ;the'schools plan their
- own syllabus and examine them, subject to
moderation. |

Many schools choose a CSE syllabus that is compafible with a
GCE syllabﬁs,‘Which_enables the decision on the examination to-
be taken, to be kept open as long as possible. This alleviates
some administration problems and pupils with CSE Grade 1 who
want to continue their studies will have followed a closely
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related syllabus. However the blggest drawback is that many
pupils are stretched beyond their limits.

‘The report stated very strongly and in the opinion of the
‘author, very necessarily, that for the 17% of pupils
- following a Non Examination Course, where the concentration
was on arithmetic, the lessons weré_less encouraging and
devoid of practical work, that new courses are urgently needed,
‘These new courses will have to have very clearly stated guide-
lines as none exist at present. The H.M.I's apureciated the
difficulty of this problem and matters are not made easier by
schools not feellng able to deploy their better teachers to

the task.

Teachers have a major responsibility in interpreting- the frame-

-._woik provided by the examination boards. Too often the syllabus

is given as the reason for ignoring the 'why' in pursuit of the
“'how' or for leaving out interesting and natural dévelopments
"which are not in the.syllabus or for giving 1es§ emphasis to
those areas which are difficult to examine or rarely tested.

Correspondingly, it was noted, that wHere it was a simple matter
to set repetitive exercises on topics that these could be pursued
to excess, although the idea was more important than the

routine skill. ' '

In almost all schools seen, very considerable time was spent on
arithmetic and in some schools, where leavers lacked proficiency
they had certainly been.taUght. All schools gave prominent
‘pléce to the four rules of numbers, including work with money;

" decimals and fractions. In spite of this some schools were found
as in former times, where the arithmetic level of.competence

of some of the pupils was unacceptébly low. Not infrequently
this was associated with difficulties arising from catchment
areas which the school served.. Improvement of standards involves

more than teaching methods alone.

The report stated the debate on 'standards' had been
complicated in recent times by changes in syllabus and changes
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in social needs arising from new patterns of employment and
from the availability of calculators and computers.

Work w1th the least able (15 to 20%) gives cause for some
concern, their grasp of the basic principles and the1r ablllty
to retain knowledge and draw on skills other than those

' immediétely practiced is poor. - Teaching approaches need
'AreVision ahd oreater thought is necessary to give to nurturing

understanding and confidence than to covering the syllabus.

If all schools were no worse than this, there may be less cause
for concern but this last paragraph was written after visiting
Grammar Schools which were by no means inferior schools of
their type. The paragreph is a warning against expecting too
.much in matters of numeracy from schools which cater for the
full range of ability. ' '

Generally theugeod comments on Arithmetic Competence outweighed
the adverse comments by two to one, although highly adverse
comments were more common than high praise,

86% of pupils on GCE courses were assessed ‘competent
62% of pupils on CSE courses were assessed competent

37% of pupils on Non Exam courses were assessed competent

Modern mathematics course received somewhat less favourable

assessment in this respect.

Problems arise, the H.M.,I's stated, when pupils have to apply

arithmetic skills on top of the fact that seme pupils have

‘difficulty enough in performing standard calculations in

isolation, especially involving fracfions and decimals. Hence

when 1nvolved in other subjects such as the sciences fallure

was frequent On non examination courses schools were

- excessively preoccupied with mechanical skills and insufficient

concern with the uses. Little time was spent applylng these

technlques to other areas of knowledge such as science and craft

In general there is a disappointing. lack of reference to the

gpplicatiohs of mathematics throughout the teaching of the subject.
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The use of realistic source material such as timetables

for trains, catalogues, plans, maps ete¢ was very limited (only

~seen in 20% of schools). Many pupils éxperienced mathematics
in practical settings in Science, Craft or Technical drawing.
The equipment from these subjects could be utilised profitably

in mathematics lessons,

g "80% of schools do nct relate their mathematics"

Occasionally schools were visited that had great success in
relating mathematics in topiecs such as Rural Studies where

records were kept of animals, addition in weight against feed

cost. Geography with map reading. Craft, design, European

Studies, economics, and science were suggested as sources
 which should play a part in_the day to day teaching of mathe-

matics.

" . The H.M.I's suggested that there was a'greater need for communi-

cation between different'departments within a school.

The H.M.I's stated that the time had come for a careful
reappraisal of the aims and ways of teaching. '

The aqcommodatibn for teaching mathematics was considered poor.
Specific teaching rooms should be allocated where displays of
equipment, wall charts and services are available. 66% of
schools had no specially equipped rooms, and in only 40% of
schools could they findAévidénce of mathemétiCS'display
material. The problems with teaching mathematics is increased
by inappropriate accommodation. The statistical evidence of
the survey supported the view that, in general, specialist

- rooms encouraged the bétter teéching‘of mathematics.

Textbooks wefe not available to all_pupils and reference books

were even in less demand, only- 7% of schools.

The'sﬁaffing_situation in mathematics is a very worrying

problem. _In the schools surveyéd the following figures were
tabulated: - : : |
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Total Number of Mathematics Teachers _ 3365

54% (1809 teachers) taught maths for more than ‘% of the week
25% (837 teachers) taught'maths'for.betWeen %-*%Vof the week
21% (719 teachers) taught maths for less than % of the week.

This giVes the equivalent of 2300 teachers on a full timetable.

There were approximately 70 unfilled teaching vacancies in
mathematics and the.survey pointed to an actual need of nearly
260 teachers for the surveyed schools. (Nationally this would
be between 2500 and 3000 teachers of mathematibs).

The D.E.S survey on the shortage of mathematiés teachers
indicates a need for between 2500 and 4000, which was to be met

- partly by training new teachers and partly by inservice training.
This has proven to be unsuccessful over the period since the

survey began:

Approximately 50% teachers had less than 3'years experience
Approximately 20% teachers had less than lhyears experience.

27% of mathematics teachers weré graduates in mathematics

28% of mathematics teachers were non graduates with mathematics
as main subject o . '

22% of mathematics teachers were graduates or otherwise had
mathematics as their second subject

23% of mathematics teachers had no mathematical qualifications.

These figures indicate that a iarge proportion of the mathe-
matics teaching (approaching 25%) is done by teachers without
any qualifications in mathematics which is a most undesirable
situation. Appendix I confirms this for the County of Derbyshire.

The H.M.I's noted that there was a widespreéd reluctance to

relate mathematics to the world outside the classroom. However,
where the mathematics teaching was related there was a DRAMATIC
increase in the level of motivation. The main things contri-

buting to the low assessment in mathematics are: the lack of
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variety in the content of courses, the lack of application

and the full, unimaginative'approach to teaching.

They stated that teaching schemes indicate the need to relate

mathematics to everyday life but in reality this was very rarely
seen. ' |

. ThHere is real concern about the lack of basic skills but effort
to remedy this took the form of more and more sets of questions
onffractions'ahd decimals without identifying the basic numbér

"deficiencies that are the héart_of the problem. It was not
surprising'that'mathematical activities could not be found in

"other areas of the curriculum and in the sciences avoided where
possible. '

Through the ability range, the greatest progress was made by
teachérs with a personal quality to capture the interests of
the pupils and convince them that success was possible. |
Computationél practice needs to be supplemented by improved
diagnosis of pupils individual difficulties, a better appreci-

ation of the role of language and oral work, more effective use

of the applications of ideas, both in the world around us and in

other areas of the curriculum.

During the period of the survey public attention turned to the
_relatibnship between school mathematics and Industries' require-
ments and the more general mathematics of adult life. This was
said to be "a substaﬁtiai problem requiring further investigation™
Figures quoted regarding a question posed to mathematics teachers:
s you mathematics teaching related to any of the following

subject areas" are as follows:

Is it related to Science? Type. of Teaching (ABILITY RANGE)

GCE . CSE - NON_EXAM
ANSWERS:  YES o 23% 17% 6%
NO S 70% | 74% - 85%

UNDECIDED 7% 9% 9%


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































