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ABSTRACT 

The dissertation is concerned with the role and nature of 

mathematics in further education at the present time , as well as with 

the historical development of technical and further education, and the 

mathematics taught within this sector of education. 

The conception and growth of further education in England has been' 

a complicated and at times almost uncomprehensible succession of private 

initiatives, government commissions and Acts of Parliament, amid 

technological changes unparalleled at any other time in man's history. 

The first chapters follow the development of further education from the 

mid seventeen hundreds to the present day, with references to the role 

of Mathematics within this developing further education system. 

The present position with regard to mathematics in further education 

is looked at in two different ways. The first ~asc the type of 

mathematics at present being taught in many Further Education and Technical 

Colleges - ego T.E.C., ONC/D, City and Guilds, B.E.C., R.S.A. courses, 

G.C.E. "0" and "A", etc. The second was to try to find out how lecturers 

teaching mathematics in about a dozen local colleges Saw their role and 

that of mathematics within their department anl}·'(l.o.l,lege. This was 
'~,.~.'. j 

achieved by means of a questionnaire<.sentto· local colleges.1\e results 
.:':" ." 

from the returned questi01;naire.iire contaihed in the dissertation • 
. ~ 

The last chapter contains +arious speculations' as to the future 

development of further education and the role wh'ch mathematics will 

play in the changing further education sector. The opinions given are 

from various well known figures in the field of further education, 
, , 

respondents to the authors survey, and the authors own thoughts on the 

subject. 



The appendices at the end of the dissertation contain a selection 

of past and present mathematics syllabuses from past and current courses 

offered to students by Technical and Further Education Colleges in 

England. 
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Chapter I 

The history of Further Education in England 

The historical survey contained in the opening chapters of this 

thesis is not meant to be an exhaustive account of the development 

of further education, but an attempttQ put tli.~pre~~nt provision into 

a historical as well as a social and political context. (Much fuller 

accounts of the history of Technical Education can be found in 

0,2, '1 .8,lo,2.Et,Sq ~.) 

The terms "Further" and "Technical" education have been used 

almost indiscriminately by some authors in the past, but the following 

'definitions' will be used by the author of this thesis. "Further 

Education" is taken as being any education beyond the statutory 

seconda,ry school leaving age, but excluding University and some 

Polytechnic courses i.e. all non-graduate education after 16 years old. 

"Technical Education" is taken as being that branch of further education 

which is specifically related to a trade or industry, i.e. vocational 

education. The difficulty with this definition of technical education is 

deciding whether a course is in fact a vocational one or not, for some 

students on it may be doing it for their own interest, while others 

may be studying to help them in their employment - in terms of 

promotion etc. This is why probably the two words technical and 

further have often been interchanged at random in the past. 

1.1 Technical Education before 1800 

Before the nineteenth century the only organized form of technical 

training in England was that of the "apprenticeship" system of the 

ID trade guilds. • 

I 

(i)The, apprenticeship scheme, al th::lUgh changed1 is still today> in prinCiplE!, 

very similar to the system in operation before the nineteenth century. 



The majority of education at this time was by means of employment: 

by living and working with experienced practitioners in some sort of 

apprenticeship, formal or informal. Thus in a sense all medieval 

education was technical and vocational, the "apprenticeship system" being 

used even in Universities. This is a view held by Lawson and 

Silver (:21 J • "All organized higher education in the middle 

ages was provided by guilds: universities, craft companies, Inns of Court, 

the order of chivalry - all were to some extent species of the same genus". 

The basic form of apprenticeship was for the master to house, clothe. 

discipline & instruct his ~entice, who then worked for his master 

while learning his trade. The guilds, most of which were established 

by 1450, supervised the standard of work, regulated the apprenticJs dress 

and behaviour and heard appeals against ill-treatment. The usual 

length of training was for seven years, from the age of fourteen to the 

age of twenty-one. 

Entrance at the age of fourteen meant that the would-be apprentice 

would have had some form of education before and most guilds expected 

their apprentices to be able to read and write 0 .... entry to an apprenticeship. 

As craftsmen would have to write letters and keep day-book recording 

purchases sales and ord.ers: Reading,' writing- and arithmetic Would form part , 

of the apprentic~s training. 

In~e early fifteenth century apprenticeship to the more profitable 

trades in London and the large towns was becoming confined to the 

relatively well-to-do~ This and two other trends reduced the effectiveness 

of the apprenticeship system by the end of the fifteenth century. 

Two other trends were that the wealthier guilds tried ·to restrict 

membership to achieve a monopoly situation, and the humbler guilds 

admitted excessive numbers to use them as cheap labour. 

, '-... 



Apprenticeship, however, still remained an important part of 

the country's provision of technical and commercial training, and in 

1562 the Statute of Labour established a national system of 

apprenticeship with the intention partly of imprnving craft training at all 

levels and partly of coping ~ith the growing problem of poverty and 

i Apprenticeship had now come to include many 

semi-skilled occupations with the apprentice being little more than a 

juvenile labourer. This was the type of apprenticeship many pauper 

children received after the Elizabethan Poor Law of 1598. 

The technical and vocational training received through apprenticeships 

was supplemented or its absence in some occupations remedied partly by 

printed books. The first of these to be published was by John Baildon 

and John de Beachesne entitled "A book containing Divers Sorts of Hands" 

(1571). This was a book for professional penmen with various forelgn 

styles being illustrated. Many other books followed this some based on 

Italian books were brought out describing methods of accounting and 

foreign monetary systems. Other famous books of this time included 

"The l'.ariners Mirror" by Anthony Ashley( '588), "The First and Chief 

Grounds of Architecture" by John Shute (1%3) and "The Grounds of 

Arts" by Robert Recorde (1543). 

Robert Recorde's book described the use of arithmetic against the then 

traditional view that it was "contemtible and vile" and Recorde argues its 

practical value in musiC, law, physic, commerce, government and:militiJ . .i:j

science. Recorde's book was followed by "The ,veIl Spring of Sciences 

which teacheth the perfect work and practice of Arthmetic" by 

Humphrey Baker (1546). Soon "Hathematician" was a titl~ given to 

any teacher of any of the arts which depended on calculation. In 
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1588,in London,a public mathematical lectureship was endowed and 

after 1596 public lectures on geometry and astronomy were given at 

Gresham College. 

Mathematics, however, was little studied at universities in the 

early seventeenth century, it still being regarded as utilitarian, 

and thus inappropriate for the study of gentlemen. John wallis 

Savilian, professor of geometry at Oxford,when remembering ~s 

undergraduate days at Cambridge in 1630 recalls that:- "Mathematics 

(at that time, with us) were scarce looked-upon as academical studies, 

but rather mechanical; as the business of traders, merchants, seamen, 

carpenters, surveyors of l~d , or the like; and perhaps some almanack 

makers in London ••••• for the stUdy of mathematics was at that time 

more cultivated 1n London than in the universities". 

In the mid-seventeenth century and onwards arithmetic was beginning 

to have a considerable influence On the development of many technical 

skills; and the use of mathemtical techniques married to experimentation 

began to revolutionise science. Thus mathematics, and in particular 

arithmetic,were beginning to influence the development of all forms 

of knowledge, from the most humble craft to intellectual speculation. 

The mid and late seventeenth century saw a considerable attack on the 

traditional gentleman's education in favour of more mathematical and 

scientific studies. During this time several schemes were developed 

which emphasised technical and vocational training for trades and 

agriculture.'" The civil war had had an effect on the education system, 

but with the restoration of the monarchy in 1660, England was now in 

a time when the seeds of the industrial revolution were being sown and 



- ---- - ---------

by the end of the eighteenth century the stage was set for one of the 

most fastly changing times in the country's history. (The micro 

electronics revolution which is at many prese~t underway also promises 

to bring about another fast changing period in the country's history). 

Most Of the famous men instrumental in bringing about the industrial 

revolution had not been educated at the grammar schools or universities 

where the curricula were still very classical, but at private schools 

and academies. The educational provision from around the mid seventeenth 

to the late eighteenth century waS principally divided into four 

categories:- grammar schools, private schools(included within this is 

education at home), 

schools. 

the charity schools, and the private-venture 

The private schoo13 and academies would be used mainly by the middle 

classes and this was the type of education received by John ' .. i1kinson 

and Matthew Boulton, while others such as Newcomen, Brindley and 

Hargreaves had little or no formal schooling. Edward Cartwright)the 

inventor of the power loom, was an exception being an Oxford graduate 

and a parson. This great tide of development also saw the formation of 

many literary, artistic and scientific clubs. It was through the 

activities of the scientific clubs that knowledge of a 

scientific, technical and mathelMtical nature,-was spread. The Luna~ Society at' 

Birmingham, active from 1769)was typical of these types of gathering, 

and it included as its membership at various times,Matthew Boulton, 

James Watt, Josiah ',;edgewood, Joseph Priestly and Erasmus Darwin. 
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Lawson and Silver comment on the changes brought about by the 

industrial revolution "About 1780 changes were taking place which in 

the space of two or three generations were to transform the ancient, 

seemingly immutable, pre~industrial social and economic order based 

on the village and the land. It is these changes that make this period 

the turning point in the evolution of education in England". 

1.2 Technical Education 1800 - 1900 

This period marks the beginning of Technical Education on any 

scale, ~ith the exception of the apprenticeship schemes outlined in 

the previous section. The industrial revolution and the resulting 

growth in population had meant that many cities and towns had doubled 

in size in the space of thirty years. The population had also moved , 

from the rural areas to the towns and cities, to work in the newly 

built factories and associated industries - mining, steel making etc. 

The beginning of the nineteenth century saw the start of legislation 

to bring about compulsory elementary education for all children, but 

it was not until the other end of the nineteenth century that this 

ideal became anything like a reality. Although the main theme of this 

thesis is further education, it cannot be divorced from the rest of the 

educational system and,as we shall see later, a lack of elementary 

education amongst a large number of the po-.-ulation resulted in the 

failure of some early schemes for adult and further education. A 

short study of the social and economic changes that resulted in the 

establishment of a compulsory elementary educational system will thus 

be of relevance in the growth and develorment of further education. 

- ------



The early Factory Acts of 1802 and 1819 had little effect on the 

education of the pauper apprentices, for the means of implementing 

! the legislation relevant to the education provision did not exist 

until the 1830's. Some efforts were being made by men like Owen, 

Lancaster and Bell to prvide education for the children in the 

cotton mills and factories, and some factories did provide education 

but many, however, did not until legally obliged to. The Board of 

Education Report of the Consultative Committee on "The Education of 

the Adolescent" (1926) 1:3lJ notes:- ~ "Though Peels Act was 

imperfectly enforced, it nevertheless established useful precedents, 

and showed that the state was beginning to realise its social 

responsibilities in the matter of education". (page 2) 

Educational provision at this time was also provided by religious 

bodies most of these provisions were, however, only to enable the 

poor to read the bible, and grew out of the Sunday School movement. 

H.Hans in "Comparative Education" [17] quotes the Bishop of 

London in his charge of 1803 " .... men of considerable ability say 

that it is safest for both the Government and the religion of the 

country to let the lower classes remain in that state of ignorance in 

which nature had originally placed them". Although this was a view held 

in the High Church party, it was not a universally held view and 

organisations like "The Society for Bettering the Condition of the Poor" 

(founded in 1796) advocated the establishment ef a national system 

of education. The societiJs schools were advanced compared to previous 

charity schools, but neither these schools nor the Sunday School movement 

could really satisfy the need and demand for education of the poorer 

classes. 
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This demand was fuelled by the ideas reaching England from the 

French revolution. 

The French revolution appears in an interesting quotation in 

"Technical Education and Social Change" by S.F. Cotgrave (/0 ) 

-"Thus, the editor of'Bells Weekly Messenger' in 1823 asked what 

would be the result 'if the crew of a ship were given the same 

education which is offered to captains and lieutants '. ',Iould it 

render them better, ,illatisfied with their subordinate state of life 

" or would it render them 'impat1ent,'fanatical and mutinous '1 The 

awful effects of mathematics is said by the author to be well known, 

for>"the unhappy scepticism in France has justly been ascribed to this 

cause".' The growth in mathematics was closely allied to the scientific 

development taking place at this time, for it was mathematics which 

enabled quantitative methods to be used as well as just a qualitative 

approach which was the principal procedure in scientific discovery 

before this period; but to how mathematics was instrumental in 

bringing about the French revolution and what it's well known "awful 

effects" are, were probably lost with the passing away of ~Bells 

Weekly Messenger" and it's editor. 

The early eighteen hundreds also saw the beginning of further 

education in the form of the Mechanics Institute. The Institutes 

were established following a series of lectures by Dr. Birkbeck in 

Glasgow although Birkbeck left Glasgow in 1804, Dr Ure continued the 

classes, and a library was added in 1808. The Andersonian Institution, 

where the lectures were held1became increasingly indifferent to the,needs 

of the workmen, and this resulted in .July 1823 in the formation of the 

Glasgow l1echanics Institution, with Dr. 13ir'<:\:eck as its ratran. The 

first, 11echanics!nsti tution (13ter to be c"ll<?dl!ecMnics .Ir.8ti tuteH) 



was founded in London in 1824.(ThiS was orginally called Birkbeck 

Literary and Scientific Instituion, and this instituion, now a school 

of the University of London, is known as Birkbeck College). In the 

years following 1824 many institutes were established in the principal 

towns throughout the country and included: Bolton, Birmingham, Brighton, 

Halifax, Huddersfield, Ipswich, Liverpool, Newcastle, Manchester, 

Norwich, Sheffield and Sunderland. By 1841 there were over two 

hundred and by 1860 there were 750 of which the majority were in the 

industrial towns of the Midlands, Lancashire and Yorkshire. 

Although the institutes grew in number by 1850 they had largely 

ceased tooctract the mechanics for whom they were orginally intended, 

and evening courses in science and technology in some cases gave way 

to single lectures, discussions and literary classes. The institutes 

thus increasingly approximated to literary and philosophical institutes 

attended by a predominaatly middle-class clientele, while others became 

libraries rather than places of evening education. 

One of the main reasons for the failure of many of the institutes to 

attract and successfully educate the working men for which they were 

intended was due to the fact that the founders had not properly 

understood the need and educational limitations of the prospective 

students. This point was made earlier, that due to the then poor 

provision of elementary education, the bulk of working men attending the 

institutes;ere unable to profit from the instruction due to their 

previous inadequate education. The lack of State aid for the upkeep 

of the institutes was also a factor which resulted in some having to 

close down or change their aims from that originally intended of 

providing a scientific and technological educati'oo for the majority of 

working men. It was not until the Elementary Education Act of 1870 that 
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the imparting of scientific and technical education to workmen of 

definite trades could be really successfully undertaken on any scale. 

These points are noted by Millis (26). "The Institutions 

for these reasons failed to attract the men for whom they were 

originally intended, and their membership consisted mainly of the 

clerical workers, the tradesman class, and of working men of 

exceptional ability who were able and willing to pay the subscriptions 

necessary for their support. The educational work rapidly declined from 

1848, and the Institutions for the most part became reading clubs and 

places of literary entertainment." 

The Mechanics Institutes in places such as Birmingham, Halifax, 

Huddersfield, Liverpool, London and Yanchester and the other towns 

managed to survive, maintaining more or less to their original aims, and 

have formed the basis of Technical Colleges and in some cases polytechnics 

(in existence today). Although many were unsuccessful in their 

original aims they had created an interest in working men for science 

and. technological education which would be filled in the future. The 

Institutes and the Society for the DiffuSion of Useful Kno~ledge (SDUK) 

established in 1827 did, ho·.ever, provide an opportunity for a large 

number of working men to encounter systematic courses of learning, 

and provided many with access to, books and periodicals. The SDUK 

published cheap tracts and pamphlets which included - "The Penny 

.. " " " Cyclopaedia, the Librany of Useful Knpwledge, and The Library of 

Entertaining Knowledge". In the late thirties Owenite Halls of science 

and Chartist halls became a more acceptable alternative to the Institutes 

for many working men. 

10 



Basic to all these educational movements was that of self-education 

or mutual education on the part of working men. Typical of a self 

educated working man of this period is Timothy Claxton, son of an 

illiterate labourer, who in his "Hints to Mechanics on Self-education 

and Mutual Instruction "(1844) recalls how he, with his first money, 

bought himself a Bible and a cyphering book. He taught himself 

arithmetic and waS lucky to find a journeyman carpenter with "several 

books full of examples in mensuration of superfices and solids". This 

type of self-education is an essential feature of adult-education at 

this time in the history of technical education. 

The author has, in his possession, one such book on "Practical 

Mensuration" by A. Nesbit dated 1842 (28). The book makes 

very interesting reading and contains some arithmetic calculations 

which must have taken a considerable amount of time to compute by long

hand methods. One example being as follows:- 3. Required the solidity 

and convex surface of the torrid zone, the top and bottom diameters of 

which are each 7297.735 miles, its height 3173.14565 miles and the 

circumference of the earth 25,000 miles? 

Ans. The solidity is 149455316338.46698 cubic miles, and the convex 

surface is 79328641.25 square miles" (p. 163). The author has not 

checked the accuracy or otherwise of the given answers: 

The Great Exhibition of 1851 saw the way prepared for the extension 

of technical education in Britain. The Great Exhibition had shown that 

Britain no longer had the world lead that she had been used to up to that 

time. By the end of the nineteenth century statistical evidence was 

available to show that German industries were more advanced than their 

British counterparts. The main reason for the superiority of German 

11 
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scientific industry was the superior technical education given to the 

work force on the continent, and Germany in particular. The main 

agency for technical education in the years after the 1851 Exhibition 

was the Department of Science and Art founded in 1853, with joint 

secretaries Lyon Playfair (Science) and Henry Cole (Art). The 

Department of Science and Art had originated from. the William Ewart Select. 

Committee 1835, which had established the London School of DeSign and 

other design schools in the provinces, to extend a knowledge of art 

and design among people - especially those in manufacturing industry. 

The Department of Science and Art up to 1857 was under the auspices of 

the Board of Trade but in that year it became part of the new Education 

Department. The Department of Science and Art was, until 1879, to 

provide the main income of the mechanic's institutes and 'science and 

art' schools, some of which had been built under the Public Libraries 

Act. This income was in the form of grants made by the department in 

respect of students successful at the annual examinations. This 

corresponded with the "payment by results" adopted in the elementary 

education system, following the Newcastle Commission of 1861 and "The 

revised code" of 1862. (Summaries of the major points of these 

documents can be found in Educational Documents)England and Wales 1816 -

1967 by J. Stuart Maclure (;24-J. 

This was not a very popular,~or an educationally sound method 

of rem unerating teaching, and Lawson and Silver t21 J 

say "Payment by results was a system of elementary education from which 

it took the system generations to recover". The "payment by results" 

system meant that in most schools the taught curriculum was largely 

restricted to the 3R's and the only form of practical instruction that 

survived was needlework. This, therefore, meant that the need for 



technical and further education was made more acute. 

In 1873 the first examinations in the technology of some of the 

manufacturing and crafts of the country were held. The Society of 

Arts (now the Royal Society of Arts (R.S.A.» instigated the examinations 

in five subjects:- (1) Cotton Manufacture, (2) Paper manufacture, 

(3) Silk Manufacture,(4) Steel manufacture,(5) Carriage building. 

The numbers of candidates entering for the examinations was small 

(Millis C .2 6 'J quotes 6 in 1873 rising to 68 in 1877) for no 

payments were offered to teachers, nor Was any instruction provided, 

and so all the candidates were self taught. In 1878 the C10thworkers 

Company made a grant of £250 to the Society of Arts to make payments 

to teachers, the first such payment to be made by any organisation to 

encourage technical education. 

1879, however, saw the establishment of the City and Guilds of 

London Institute. The City and Guilds took over the technological 

examinations from the Society of Arts, extended the number of subjects 

to include other trades and adopted a payment by results system 

13 

similar to that used by the Science and Art department. This was to 

encourage the establishment of technical classes, in vartous parts of the 

country. The grants from the City and Guilds were to be discontinued later, 

'when the local Education authorities had money to spend on technical 

education. The City and Guilds of London Institute obtained its finance 

from the City Livery Companies which between 1880 and 1920 contributed 

about £2,000,000 for secondary and technical education purposes. 

The period from 1880 to the end of the nineteenth century saw .technical 



education develop rapidly. 1881 saW the appointment of a Royal 

Commission on Technical Instruction 'to enquire into the Instruction 

of the Industrial Classes of certain Foreign Countries in technical 

and other subjects, for the purpose of comparison with that of the 

corresponding classes in the Country •••• ' The Commission made 

several recommendations which are summarised in "South Kensington 

to Robbins" by }I. Argles C 2. .J pp. 32 - 33. One important 

outcome of the commission was the foundation in 1887 of the National 

Assoication for the Promotion of Technical Education. The aims of the 

association were to promote legislation on technical education, and 

to supply information to 1 ... 1 authorities and other interested . ~odies. 

(This was achieved by a monthly publication called "Record" - later to be 

published quarterly.) The association was disbanded in 1906. One of 

its main achievements was to obtain the tI whiskey money" grants for teChnical 

education. 

In 1889 the Technical Instruction Act empowered county councils and 

borough councils to aid technical education, and in 1891 the Local 

Taxation (Customs and Excise) Act provided these bodies with funds. 

(It is this money that was colloquially known as "whiskey money") 

This money provided a considerable. impetus to the provision of sites 

and buildings for technical education, and many well known polytechnics 

and technical colleges were started about this time. Also, many of the 

mechanics institutes were given a new lease of life by money made 

available through various grants. These new colleges were also later 

to provide facilities for evening classes. Evening classes ~ad, 

up to about 1890, been providing a rigid curriculum of the three R's 

set by the 1870 education act with an, 'lpper age limit of eighteen 

(later raised to twenty one). The rigid curriculum along with 
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better elementary education meant that by 1890 evening classes were, 

to quote an HMI in the northwest', "nearly extinct It. 

The Education Coie Act of 1890 and the Evening School Code of 1893 

gave the evening schools a new momentum, as can be seen by a graph on 

t () I 

I 

I 

I 

I 

page 54 of "rechnical Education and Social Change". [10 J(Fig.No.l} 

The main reason was that the curriculum was enlarged considerably 

beyond the three R's, and now included, Algebra, Botany, Chemistry, 

Euclid and Mensuration, English, French, Geography, History, Latin, 

Mechnics, Physics, Agriculture and Singing. (Looking at the mathematics, 

topics available one surprising ommision is that of 'trigonometry' 

(apart from the elementary tr'gonometry contained in Mensuration), 

the list from Co t grave CIO J may not, however, be a complete 

one). The evening school boards often worked very closely with the 

technical instruction committees, but were soon (1902) to be aboliShed 

in favour of Local Education Authority education committees. 

The Education Department, the Science and Art Department and the 

educational sections of the Charity CommiSSion were merged in 1899 

to form the Board of Education. The government affected these mergers so 

as to rationalise the countrya' education system which was beginning to 

expand quickly in numerous directions with very little consideration 

given by one section to another. Argles at the end of Chapter 3 

[2 1 says of technical education at the end of the 

nineteenth century. "fluch of the technical education that did exist 

was very elementary; and commercial education was hardly developed 

at all. Finally technical and technological instruction WaS not highly 

esteemed by the community; and compared with other countries our system 
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was poor indeed. But a start had been made; this beginning was not 

to reach full flower until the second half of the new century". 

1.3. Technical Education 1900 - onwards 

The 1902 Education Act put a statutory duty upon the Local 

Education Authorities (L.E.Ak) (which were usually but not always 

counties and county boroughs) thus removing the'ad hoc' system of 

school boards, voluntary managers, technical education boards and 

uni versity colleges. Rationalization was needed for the'latter mentioned 

bodies were often providing, some of them (and sometimes all of them) 

the same standard of classes. The 1902 Act gave the newly formea 

L.E.A. 's a responsibility for secondary education. This at the time of 

the Act was provided in higher grade board schools, organised science 

schools, and 'higher tops' of elementary schools. The school leaving 

age WaS then thirteen, and in 1905 trade schools of a new type opened, 

and these became officially known as junior technical schools. The 

schools prepared their pupils for artisan or other industrial 

occupations, or for domestic service. 

The physical growth of technical education was inhibited 

between 1897 and 1918 by the Science and Art Department (later the 

Board) because it did not provide any ftmdS for new buildings for 

technical education. The Board of Education report of 1908 - 1909 

gives a vivid picture of the neglect into which technical education 

had fa11en:- "Great as was the impulse which the Education Act of 

1902 gave to higher education generally (it said) its effect on 

Technical education was in practice largely counteracted by the 

immediate demands which Local Educations Authorities found themselves 

compelled to meet in respect of the long-neglected requirements of their 

areas in respect of secondary schools and the training of teachers. 

In some districts the reduction then made in the amount of pecuniary 

support given to technical education has not yet been made good". 
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During this time however the demand for evening classes· in 

technical instruction increased dramatically due in part to better 

elementary education. There was also a very large increase in the 

number of students attending technolgical and trade evening classes 

at the polytechnics, as the following table from Cotgrave [ 10) 

shows. 

Student Hours (OOO's) 

1893 - 4 1900 - 1 

Mechanical Engineering 17.0 92.5 

Electrical Engineering 4.1 31.3 

Carpentry and Joinery 1.4 23.1 

Plumbing 6.8 19.6 

Building Trades 37.5 123.4 

Experimental Physics 16.8 75.8 

Chemistry 23.7 52.1 

Mathematics 11.4 36.6 

Trade and Science Classes at the London Polytechnics for 1893-4 

and 1900-1 

cotg.~ve goes on tasay hoveTer that:- "Enrolroents had reached a peak 

(about 1905) around which they were to fluctuate with no substantial 

change for nearly forty years. It was not until the application 

of science in industry in the 1940's and the shortage of trained 

18 
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man-power which followed, that there was a renewed expansion. 

The field of technical education saw in the early years of the 

twentieth century developments which were to last until after the 

Second World War. In the early years of the twentieth century 

there was still considerable resistance by employers to technical 

training for the"rank and file" as they conSidered it was discipline 

that was needed and not technological education. Some enlightened 

firms did however pay evening class fees, Johnson Brothers, dyers of 

Bootle being one such firm.1"hey encouraged their apprentices to study 

mathematics and chemistry, the firm even organising its own classes 

in these subjects, as they felt the instruction at the local technical 

school was not practical enough. This was a common cry at the time 

from industry, (and it is still heard sometimes today) but following 

the foundation of the Federation of British Industries (in 1916) which 

was to become a political, economic and educational pressure group, 

firms became more interested in technical education. 

Also happening at this time WaS a rationalization of the courses 

of'f'eredand oi' the examination system. In 1911 the Board of Education 

discontinued the old lower grade Science and Art examinations and 

in ~918 the advanced grade and stimulated the growth of regional 

examining bodies. The Union of Lancashire and Cheshire Institutes 

(founded in the nineteenth century) East Midlands Educational Union 

(1911) and the Northern Count ies Technical ExaminatLns council in 

1921. Co-ordination and co~operation between the Unions and bodies 

such as the City and Guilds was ensured by advisory and joint committees, 

and examinations and subjects were adopted to the needs of local 

industry. Principals and college staffS were now throueh these committees 



able to do much work in the drafting of syllabuses and checking the 

progress of students. This improved status of the technical colleges 

was reflected in the rise of the Association of Technical Institutions 

(A.T.I.) which)although formed in 1894)did not have a substantirl 

membership until 1914. Two other Institutions formed about this time 

were the Association of Teachers in Technical Institutions (1904) and 

the Association of Principals of Technical Institutions (1921). 

Also during this period the 'Norkera Educational Association was 

formed, to bring university extension work and the working-class 

movement closer together. The Association,founded in 1903,was mainly 

assisted by the new universities and in the period between the two 

great wars had enthusiastic support. The main subjects of study were 

the social and political sciences, and other cultural subjects. This 

brought the WEA into competition with the local authorities, and in 

many areas jOint committees of various sort were formed to co-ordinate 

the provision of adult education facilities. (The 'Ii.E.A. at Loughborough 

is in fact housed in the Loughborough Technical College - College of 

Art buildings) Thus the classes provided by the W.E.A. ,,,ere often 

supported by the L.:2.J\. 's l:1.B \-"e11 as increasin: their O\vn evening 

clesses and recreational activities. 

The 1918 Education Act raised the school leaving age to 14. l'he 

most important clauses however concerned continued part-time education, 

(after leaving school at 14) using a pattern similar to that adopted 

in Germany.With this was also~he provision to raise the school leaving 

age to 15 at a later date. Compulsory part time day continuation schools 

were scot ched by the slump and the cuts imposed on Government 

expenditure of all kindssurviviil~ only at ~gby.the famous exception. 



The most influencial development in technical education during 

this period was the establishment of the National Certificate 

Scheme. National. Certificate (for part-time students) and National 

Diplomas (for full-time students) were intended to meet three 

demands:-~the need for a nationally recognized qualification in 

technology or science 

ii) the need for examinations vhichallowed for a degree of flexibility 

in teaching method, and subject matter (to meet the needs of local 

industry) 

iii) the need of industry for a qualification which combined both 

practical and theoretical competence. 

The awards were made jointly by the Board of Education and the 

professional bodies. concerned, the papers being set and marked by the 

colleges, and assessed and moderated by external examiners appointed 

by these bodies. 

An Ordinary National took three years and a Higher National a 

further two years. The First course established was that ofi Mechanical 
Engineering in 1921, soon followed by I . 
Electrical Engineering, Chemistry, and Naval Architecture by 1925. 

The growth of the scheme was not spectacular but it was a good steady 

growth, with Buildings Textiles and Commerce being added to the list 

by 1946. One of the results of the National Certificate scheme was a 

closer relaticnship between industry and the colleges with this often 

taking the form of gifts of equipment and machinery to colleges by 

their local industries. Industrialists also often served on local 

and national consultative and advisory boards. 
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The Report of the Consultative Committee of the Board of 

Education on "The Education of the Ad'closcent" C 32 J 
in 1926 was to set the pattern of primary - secondary education till 

well after the Second World War. The Hadow Report as it is often 

referred to (Sir 'N.H. Haclow was its chairman) recommended that the 

school leaving age be raised to 15 (this was not implemented until 

1947 following the 1944 Education Act),also that children should 

follow a "primary" education for six years followed by what was hoped 

would be four years of "secondary" education. Thus the report 

recommended extending the concept of secondary education beyond 

the type of academic course given in grammar schools to cover 

'modern seoondary schools' where the education might have a 'practical' 

and 'realistic' bias. In the following section of this disseration 

the suggestions on teaching "Elementary mathematics", along with the 

suggested topic areas will be discussed. in relation to contemporary 

mathematics syllabuses. and those at present in use ( 

pp 214- 220) • 

One of the final recommendations of the re~ort was that some form 

of leaving examinations be d~vised for those pupils leaving at 15. 

but who had not attended a Grammar School. This type of examination 

was : a useful guide to both pupils and colleges as to a potential 

students suitability for a given course in further or technical education. 

The role has been almost filled by the C.S.E. (Certificate of 

Seoondary Education) examinations started in 1965. but this was not 

originally intended as an examination to be taken by all non_grammar 

school pupils. (_,_, _~ .. ?roposals are still being made for "universal" 

secondary examinations. to be taken by all secondary pupils on 



completing their statutory schooling. 

Despite the Hadow Report and later the Spens Report in 1938 there was 

little development of secondary schools of a quasi-vocational type, 

designed to meet the needs of boys and girls who desired to enter industry 

and commerce at the age of sixteen. This lack of development was also 

true of technical education in general which took the form of part-time 

evening education, with practical experience gained from industry. Due to 

the depression of the 1930's and the outbreak of the second '"orld ;;ar in 

1939, education in the primary, secondary, further and technical spheres 

was to remain relatively unchanged during the period 1925 to 1945. 

The 1944 Education Act marks a significant milestone in the history 

of further education, for it was the first Act to place a duty on local 

education authorities to make further education available to those who 

want2d it. Each authority had to submit a detailed plan to the newly 

created Ministry of Education, of the further education proposed for its 

area. The 1944 Act said the following about Technical Education 

"The provision of further education is at present a power and not a duty of 

Local Education Authorities and, despite what many authorities have done, 

technical education has not hitherto made that advance which the needs of 

a highly industrialized community demand. In particular, the standards 

of the buildings and equipment in use have often been deplorably low, and 

comparison with what can be seen in other countries which have been our 

competitors in the world markets can leave little cause for satisfaction". 

These remarks as Michael Argles C 2. J says were depressinglY 

similar to these of earlier years. 

The 1944 Act raised the schools leaving age to fifteen, reorganised primary 

and secondary education, and also called for compulsory part-time 

education, within workin~ hours, for young persons up to the age of 

eighteen. This compulsory part-time education had also been muted 



in the 1918 Act but not implemented, and the same was to be true 

of the 1944 Act, for this provision has still not been implemented. 

The Act did however form a significant step forward for further 

education from the haphazard provision which had preceeded it. 

The Barlow Committee in 1946 was concerned with the forecasting 

of scientific manpower needs, the first time the government had 

attempted such an official prediction. It recommended the 

2·1 I 

immediate doubling of scientific manpower, which reconunendation was to influence 

developments in university and further education. ~lthcugh there was 

resistance within the universities for a majer expansion. the numbers 

at university" reading science trebled in the years 1945 to 1960. 

In the mid 1950's however it had become clear that)even despite this 

considerable increase, sights had been set too low, and that in 

many disciplines - primarily technology - the number of trained 

personnel were insufficient. The teaching of science and mathematics 

was to suffer from this shortfall, and even today mathematics in 

particular and many science subjects are still reGarded as "shortage" 

subjects with regard to properly qualified and trained teaChing staff. 

In 1937/1938 there were some 20,000 full-time and 89,000 part-time 

stUdents in further education; by 1955 there were nearly five times 

as many day-release students than there were in 1938 and the number of 

full-time students had more than trebled. These students were however 

mostly taught in cramped and out-dated conditions, for there had been 

comparitively little building in the further education sector, due to 

the massive rebuilding in primary and secondary education following 

the second world war and the 1944 Education Act. '.-!hen these sectors 

of education had been dealt with, the L.E.A.'s finally turned to 



further education, and the boom period of technical college expansion 

started, a new college title was .. ' appearing, that of "College of 

Further Education". 

A Government white paper in 1956 on Technical Education Was to give 

a tremendous boost to the already increasing growth of further and 

technical education. The White Paper envisaged an expansion of technical 

education at all levels. The major proposals included a five-year, £100 

million programme of expansion of technical colleges along with the creation 

of a new category of colleges, the Colleges of Advanced Technology. (These 

have now obtained University Status - Loughborough University being a 

University evolved from a College of Advanced TeChnologyJ The :tlhite Paper 

in its introduction also made some other important comments and 

observations which have influenced the development of further education. 

The first was a recGgnition of our responsibilities towards the developing 

Commonwealth countries, and to those outside the Commonwealth who look to us 

to supply them with technical manpower, and the Paper says "This we must 

be prepared to supply in increasing quantity by providing more places at 

universities and technical colleges for overseas students and more British 

experts to work or teach abroad". (Loughborough Technical College was one 

such college that took a large number of overseas students mostly on "A" 

level courses - and even now despite the high "economic" fees charged to 

overseas students, still caters for a large number of overseas students -

although many now are from the Arab oil countries.) 
, 

The second waS the observation that to increase the countr';lS: scientific 

and technical manpower, not only meant increasing the number of highly 

qualified technologists for: "Every technologist.. relies on technicians 

and craftsmen to translate his plans into products. It would be a great 



mistake to increase the output of techno1c5ists without supporting them 

adequately at the lower levels from ·.hich in any event many of them are 

drawn". The ',~hite Paper was thus calling for an improvement in science 

and mathematics education in schools, and a dramatic increase in the 

technical education available to these school leavers, in order to 

train the technicians and craftsmen the country nAeded then and in the 

future. The following observation was also made as to the type of 

technical education the government wished to see:-" Technical 

Education must not be too narrowly vocational or too confined to one skill 

or trade. Swift change is the characteristic of our age so that the 

main purpose of technical education of the future must be to teach boys 

and girls to be adaptable". 

The 1956 White Paper had added momentum to the growth of technical 

and further education, but some aspects of the system were still very 

inefficient in their production of skilled manpower. The "Crowther 

Report" in 1959) which was a report of the Central Advisory Council for Education 

(England) entitled "15 to 18'~ Jealt with the special educational needs 

of the 15 to 18 year old age group. (15 being the school leaving age in 

1959)·.\tnotes in a chapter on "Part-time technical education" that: "Only 

one student in ,1 succeeds in climbing the National Certificate ladder 

from bottom to tou, and only one in 30 does so in the time for which 

the course was designed. Against the background of the nations present 

and future needs for trained man-power, these wastage rates are shocking ••• " 

These figures refer in the main to students attending college in the 

evening after work, for this was the main way in which most students 

studied for their National certificates, some students doins ac many as 

three evenings per week. Crowther recommended that day-release, or better 



still block-release, should be made available to these young people in 

order to help them obtain their qualifications, and he goes on to 

say:- "If we were confined to one comment and one recommendation 

about English further education, it would be this. At every stage, 

and on every level, the need is for more time, less pressure on both 

staff and students. Even a little more time would, in our opinion, 

" much more than proportionately raise the educational yield . .. . 
As many industries were reluctant to release their apprentices 

and young personnel on a day-release or block release system the 

Government in 1962 introduced a ·.vhite Paper on Industrial Training. 

The Paper established industrial training boards, the Boardi being' 

enpowered to raise a levy for their particular industry and 'were 

then responsible for establishing a proper training programme for 

:.:' new recruits to the industry. This duty included the close 

co-operation with the appropriate departments within the College of 
the proviSion ofl 

.t:arthereiucation" and~new syllabuses, and training standards were 

devised with the specific needs of their industry in mind. This 

Ivhite Paper was to form the basis of the Industrial Training Bill 

of 1963 and the Bill was to produce major changes iri the lower levelS 

of industrial training. One of these changes was an increase in the 

amount of day-release made available to students, enabling the 

traditional structure of evening classes to be dismantled thus 

ending the most enduring and unattractive feature of technical education. 
need 

The considerabl~ increased1for full-time higher and further education 

lead to the 1966 White Paper "A Plan for Polytechnics and other 

Colleges". Thirty polytechnics were formed by the Department of 



Education and Science (DES) fromsoventy major colleges of technology, 

art and commerce, in strategic parts of the country. These new polytechnics 

were intended to complement the universities.: and colleges of 

education, and were to be the main centres of future development of 

full-time higher education within the further educaticn system. 

The nineteen seventies ha~in general seen a consolidation of the 

increases in further education seen in the sixties. The early seventies 

did however see two major changes in Further education. The first 

of these WaS that in 1973 the D.E.S.,alarmed at the over-production 

of teachers/decided to cut back the number of training places 

available in colleges of education. This involved the change of use 

of many colleges of education, some were amalgamated with polytechnics 

(or Universit~ies - as was the case in Loughborough), others were to 

form new polytechnics with technical or further education colleges, 

while others were to form a new layer in further education and become 

Colleges of Higher Education. 

The second change which was to have a major impact on technical 

education was the formation in 1973 of the Technician Education 

Council, which as the name implies was to be responsible for 

technician eiucation. The Industrial Training boards were primarily 

responsible for the training of the semi-skilled and skilled craftsmen, 

leaving no proper provision for technician training, which is more 

academic in nature. The Technician Education Council (T.E.C.) and the 

Business Education Council (B.E.C.)Wer~ set up following recommendations 

in the HaselgraveReport (1969) to ratiorialize courses under these two 

broad areas. This was to try to reduce the large number of qualifications" 

and examinir:g bodies in these areas (National Certificates, City and Guil<t, 



R.S.A., East Midlands Educational Union, etc). The T.E.C. ia 

divided into three areas:- Engineering, Construction, Science and 

related industries. The main aim of the T.E.C. was to establish a 

system of technician education which would have a national standard 

acceptable to employers, but to leave considerable scope for individual 

colleges (or groups of colleges) to devise programmes suitable for 

their needs, and the needs of the surrounding industries. 

The awards are based on a unit system, with standard units 

(written by T.E.C.) or college devised units (which have to be 

T.E.C. approved) in different subject areas and at different levels 

forming the basis of the courses. The units are all college assessed, 

with moderation by T.E.C. appointed moderators to ensure a national 

standard for the awards. The effects these new courses have had on the 

mathematics taught in further education, along with some T.E.C. standard 

units)appear later in thIS dissertation. In general, the appearance of 

T.E.C. courses (started in 1976 - with the T.E.C. Science Laboratory 

Technicians course starting within the authots department at Loughborough 

Technical College in 1978) has meant a considerable change in the 

methods of teaching and assessment used in further education, and these 

changes are still continuing i, as new T.E.C. programmes are 

introduced, or existing ones modified in the light of experience. 

The end of the nineteen seventies and the early eighties have seen 

an economic recession in the country, probably unp.aralleled sil!lee 

the thirties. The effects on further education have been that in terms 

of staff and buildings a fairly static situation has arisen, but due to 

large youth unemployment an increase in the demand for further 

education, and some colleges are now having to turn students away due to 

lack of accommodation and suitably qualified staff. If the micro-chip 
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rev,o~ution is going to . have the mlljor impact on British society that 

riiimy wr1.tera predict. and:if tne COWltr-,r is to derive the n;axiJ-,um 

benef'i ts' i'or all its ci T.izens from the revolution, then a large mnnber 

of well ~ualified technicians will be ~eeQeQ towarUs the end of the 

eighties and into the nineties, ana. tl:is will mean "'!I eA.l.cmsion 01' . 

further education similar to ,j'.a-;; iil'.ich ko.,. J;lace i!l tn" sixties. 



CHAPTER 2 

The Development of Mathematical Education within the fields of 

Technical and Further Education. 

;t.l Developments before 1870 

The seventeenth century witnessed the beginning of modern science 

with such men as Newton, Pascal, Boyle, Huygens, etc. Along with this 

development in science, and before it in many case~ went considerable 

developments in mathematics:- Ca1culus, logarithms, co-ordinate geometry 

etc. This period marked the opening of several mathematical schools with 

Christs Hospital Mathematical School established in 1673, the Sir 

Joseph '.villiamson's Mathematical School at Rochester in 1701 and rreale's 

Mathematical School in London in 1705]and the introduction of mathematics 

into the curriculum of many grammar schools, on or near the sea coast, 

such as that at Dartmouth. 

The middle of the eighteenth century saw'the opening of many private 

academies which placed considerable emphasis on the practical uses of 

mathematics in the fields of business, commerce, surveying, industrY, or at 

sea. The curriculum of one such school appears in "Mathematics Society and 

Curricula" by H.B. Griffiths and A.G. Howson r!6.Jand is taken from an 

advertisement in the Leeds Mercury of March 1743. 

"AT PONTEFRACT 

Writing; Arithmetic, Vul~ar, Decimal and Instrumental; Logarithms, 

applied to Arithmetic Calculations, and their use in higher branches of the 

Mathematics, also their method of Construction; MERCHANTS ACCOMPTS; 

ALGEBRA, numerical and in Species, with its Applications to various 

branches of mathematics; GEOMETRY in Theory and Practice, with its 

Application to Surveying of Land, Gauging, Mensuration of Artificer's 

Work, & C. 



TRIGONOMETRY, both plain and spherical, and their Use in 

Navigation, Astronomy, Diallinr;, & C FLUXIONS, or the new Method 

of Investigations; and the use of the GLOBES of Navigations, 

Geography, Astonomy & C. as also of all MATHEM.t..TICAL INSTRUM£NTS. 

Taught by R. '.RIGHT, after an easy and plain Method." 

(Leeds Mercury 22 March 1743). 

The above syllabus for a private academy indicates the wedding of theory 

with practice, for the various branches of Mathematics are taught, not 

for their own sake but for their practical applications. to navigation, 

surveying, commerce etc. This could thus be thought of as the 

beginning of Technical Education - the vocational oriented curriculum. 

This type of education was, however, only available to sons of 

gentlemen who were not to inherit the family fortune, and to many 

non-conformists barred from the professions. The fees charged meant 

that the majority of the population were effectively deprived of a 

"technical education". 

The "easy and plain method" of teaching would probably have been 

of considerable interest to mathematical educators, but no further 

details are given in the reference quoted by the authors. The 

curriculum does indicate a very broad course covering Surveying, 

Navigation and Commerce. Whether a student would undertake the 

complete curriculum, or just part of it, depending on his future 

employment, is not clear. One would assume that some sort of Academy 

Diploma or Certificate was perhaps issued to a student successfully 

completing the course, but whether this was based on any form of 

assessment or examination cannot be asc"rtained from the r"ference.s 

used. These types of private academies flourished because the grammar 

and public schools were loth to change their classical curricula to 

include science and mathematics :.In fact many grammar schools were 

prevented from doing so by the wishes 0 f their founders \ • 



Griffiths and Howson C I b J do however throw 

some light on to the "awful effects of IMthelMtics" mentioned in 

Chapter 1 page ~ • They say "the French Revolution at the end of the 

eighteenth century had a most important influence on mathematics. 

~,apoleon himself ;:as! interested in the _subjectand saw its l;practical 

potential - not only for artillery officers like himself. He was also 

well acquainted with mathematicians such as'Fourier (who.accom;panied him. 

to Egypt) and Laplace, botl,of whom received honours from him. In 

particular the French noted the great usefulness of mathematics in 

military engineering, the need for training in which led, in 1794 to 

the establishment of the Ecote Poly techniques of Paris" The staff of the 

Ecole included such IMthematiciana as Lagrange, Laplace, l'.onge, Poisson, 

. / Fourier, Cauchy, Chasles and Herm~t:e. It was to serve as a model 

for othe:r schools in france, and also the famou" U.S. Military Academy 

at West Point. With reference to the application of IMthematics to 

military science, the author found an interesting footnote in a 

mathematics textbook "Melloranda Mathematica" by Workman ['SIJ in the 

Chapter on "Projectiles":-"Application to guns, etc. with comparCttively 

low velocities, heavy shot and high angles of fire the parabolic 

theory gives good approximate results. Thus with IIJ' = 98 m/s and 

Cl( = :;80 a range of 928m was obtained which is 98% of the parabolic 

range. 'with hijher velocities and lirrht shot and lower angles the 

parabolic theory is worthless. Thus for a German infantry musket with 

'1/'= 640 m/s 0( = 40 the actual range of 1612m is only 28~ of the 

parabolic range." 

,Ii th the increasing inclusion of mathematics into various forms of 

education abroad, the growth and organisation of education in England in the 

nineteenth cent~ hae profoundly influenced mathematical education as 

w~know it today. The educational system of England at this time 

catered for the clearly defined class structure. There was a three 



tier system i) Public school~ ii) Private schools and academies, and 

grammar school~ iii)elementary schools. The signtficant feature of this 

l_s~ratified system was, however, that the direction of all three tyPes 

of school was largely in the h' ands of these educated in the first type. 

'l1lU03 the prejudices and outlook of this class were fu:orporated into 

the system. 

The mathematics taught in the different ty~es of school reflected 

the careers their pupils ~,vere e:q:ected to 1'0110\,]. 'l'he private schoolS 

',;ere t1>.e first to respond to the needs of industry and the military 

academies by including ~,the~atics in their curricula. Then public 

schools and finally ,he (!,ratmlar schools adcled matheno.tics to their 

curricula. The rmthematics was, however, "mathematics as a mental 

discipline" which was emphasised with considerable ,importance being 1'1ace~ 

on ~~uclids ~le~ents. (I"any s€condar:r Gchcol e,?0m~try bc'ukc e:ere t:.6ed 

as recently as the 1950's, examples include Durell, Hall and Stevens etc.) 

The type of mathematics taught in elementary schools was mostly 

arithmetic with the four rules being taught for number, fractions, 

money. time and weights and measures. This would involve rote 

learning of the many tables connected with the Imperial weights and 

measures system. (Again examples . ' , car, be f eun 'i in I:!lq.~y 

clc3. cchcol textt.Goh...s~ The majority of further education - evening 

classes~were also in the 3R's for those who had not received un 

elementary educution earlier in life. It was not until compulsory 

education was introduced fol1O\;ine: the forester ;education ,',et ef 187G 

that evening classes in more advanced forms of mathematics could take 

place. Thus the 1870 Act marks a conSiderable I<\ilestone in English 

education, but as we shall "ee t!:e :06 thef!'atic13 ct:rricula ",d. thin tb~ 
to 

eler:len tary/secc1n':E: .. r:r sy.ster: 1:ntx fi ~~~.?t cxt2n t leer.:. C:etA:r;,1ir.p.d l q .fc.!'~ 



2,.2 Developments from 1870 to 1960 

The developments of mathematical education within further 

education are, in the later part of the nineteenth century and early 

twentieth century, closely allied with developments within the 

elementary/secondary education system. The first document to be 

considered is the School Inquiry Com~ission published in 1868, which 

in the course of its enquiries canvassed the views of teachers of 

mathematics. The quoted extracts below were taken from "'.fuy teach 

mathematics" by S. McNelis and J.A. Dunn.~&l The commissions report 

on mathematics education in English eleDUl,/ltary schools states that the 

philosophy at this time was for the utility of mathematics:- "The 

demands of the parents for thoroughly good Arithmetic appears to 

us to be one which must be satisf~ed, whatever else has to give way to it. 

Both for its utility and its educational power, nothing else can stand 

in the place ••• it is the gateway, not only to all natural science but to 

a very large part of men's dealing ,<1 th each other". The study of two 

other 'branches' of mathematics are also mentioned in the report 

"No one can doubt the value of Geometry as an exercise in severe 

reasoning and Algebra th 'ough inferior to Geometry in this resnect 

yet is needed to give perfect completeness to the knowledge of 

Arithmetic, and affords admirable examples of ingenuity." 

The teaching of mathematics, and the mathematics curricula of this 

time reflect tt.se two views. The curricula contain large amounts of 

arithmetic, much of which was of a commercial nature. (This is probably 

due to the industrial revolution irrevocably changing the old 

agricultural commauities, and the large increase in world trade. These 

changes meant that most people living in the towns needed arithmetic in 

order to live in the more complex urban environment of factories, shops, 

services etc.). 

The elementary school system was not compulsory at this time 



-------------------------------------------------------------------------- -

and thus many tradesman, and engineers of the time were self taught. 

An account of a famous civil engineer, who taught himself mathematics 

is contained in Mathematical F:ducation by B. Brahford(5)Chapter 7 

entitled "How a famous engineer,': taught himself arithmetic". The 

chapter is based on a paper presented by Bidder to the IBstitution 

of Civil Engineers, of which he was president. The article, describes 

how Bidder taught himself mental arithmetic. and then gives nine 

principles which Bidder suggests should be followed to teach men \:.'3.1 

ari thmetic and mathematics. Branford does note however. "'tie have to 

remember that Bidder un~oubtedly possessed a special talent for 

calculation and therefore overestimates the ordinary capacity:' 

The'nine principles do. however. only encompass, arithmetic, algebra 

and geometry. (The only three branches of mathematics mentioned in 

the School Inquiry Commissions report of 1868.) 

. "'The introduction of compulsory elementary education around the 

turn of the century and the introduction of payment by results for the 

3R's - Reading, Writing and Arithmetic~meant that the majority of 

mathematics that was taught was arithmetic, and often by rote learning 

methods. The syllabuses consisted of the four basic rules of 

arithmetic applied to number, decimals fractions, and then to money. 

weigh~and measures etc. Little was taught of the other branches of 

mathematiCs, probably because these were not examined under the payment 

by re,o,ults $cneme. !.he curricula and teaching methods established in 

this period continued long after the scheme had been dropped. 

The majority of adult education up to about 1880 was, as mentioned 

earlier, of a very elementary nature, and was for adults who had not 

received an elementary education, or had had to leave school earl~ • 



Thus the mathematics sYllabuses for these early further educati:'n 

classes were similar to those of elementary schools, with often 

the inclusion of mensurati~ in regard to the trades of building, 

sheet metal working, painting etc. The syllabuses for mathematics 

were very practically oriented, with the only branches of mathematics 

taught to any great eEtent being arithmetic and geometry. The type 

of mathematics and the way it was taught in the continuation schools 

is given in Millis~~(The continuation schools ~ere one of the first 

type of full-time fUrther educatLn to be offered to school leavers 

of the,13 or 14 year age group. - they offered a two - year general 

course from which ~ne student could go into employment - or on to 

more advanced technical education as a full time student or more 

likely as an evening class student). 

Millis points out four subject areas which he considers to be 

fundamental in a continuation school curriculam, (especially for the 

pupil who is to go into a skilled trade) and these are:- ,,(t) 

elementary mathematics (technical arithmetic, mensuration and geometry), 

(2) plane and solid geometry (3) technical drawing and (4) elementary 

science. The principles of thse subjects must be taught in a soundly 

educational and interesting but not in too technical a manner. the 

first three not as purely separate subjects unrelated to each other 

particularly subjects (i) and (2) Millis then goes on to describe 

some lessons he gave at Finsbury, and says that he feels that "the 

fundamental principles of mathematics should be taught much more from 

the geometrical tha'n the algebraic point of view, and certainly not 

:~rom what is called "',!orkshops Arithmetic" point of view, which simply 

develops into "rule of thumb" evaluation of formulae with no educational 

value to the young". 
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The description of Millis lessons given at Finsbury Technical College 

from 1881 onwards shows how he put his fundamental principles into 

practice when teaching arithmetic and mensuration:- "These lessons in 

arithmetic and mensuration that I gave at Finsbury dealt with vulgar 

and decimal fractions, mensuration of areas, as, for example, the volumes 

of sphere, right and oblique cylinder, prism, cone and pyramid; and so on. 

Rules of mensuration were taken in the early lessons, so as to secure 

practi~e in fractions by means of concrete instead of abstract examples; 

and to the utmost all problems were treated graphically as well as 

arithmetically. FUrther, every rule waS the soonest possible put into 

formula shape, that the Sight of a formula .. might become a familar thing 

to students. If afterwards any of the students took up the study of 

algebra, they had the gratification of finding that they had already 

started in it. To a~custom young artisan students to deal with formulae 

is a very useful training for them". 

Millis then goes on to discuss in more detail how a Particular topic 

can be introduced and taught, the example chosen involves Pythagoras 

Theorem. Millis suggests a geometrical approach to the theorem. This 

involves the drawing of firstly a 3,4,5 triangle followed by more general 

right angled triangles with squares drawn on their sides. The areas of the 

squares are then evaluated by a counting squares method (if drawn on 

squared paper) or by cutting them out in cardboard or "zinc sheet" and 

weigh,. ing them. Finally the algebraic relationship a2 = b2 + c2 can be 

introduced. This graphical approach is one which Millis fee13 is of 

considerable value in the teaching of many mathematical topics inclUding 

many of the other Propositions of Euclid, and ratio and proportion. 
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The mathematics taught at Junior Technical Schools is also 

discussed by Millis (p 92 - 95), and some typical syllabuses are 

given for Junior Technical School courses in Appendix No 1 

(These syllabuses are taken from Appendix No 2 of "Technical Education -

Its aims and developments by MilliS~~MilliS again stresses the strong 

connection that he feels should exist between mathematics and. its 

practical applications. "The writer has always urged that the teaching 

of arithmetic should from the onset be connected with the elements of 

geometry and with manual work. These subjects should form a unity in 

the child's mind, not be regarded as separate or "special" subjects. 

In sho~t the science teaching and manual training should be correlated 

to the mathematics of the school, so that the children may see that there 

is an intimate connexion between them". Millis does in fact defend this 

practical approach to the teaching of arithmetic and geometry, for he 

says that to teach mathematics, for example applied to sheet metal work, 

does not mean that the particular student can only be a sheet metal 

worker. He then goes on to quote some extracts from a speech given by 

Sir Philip Magnus about the teaching of arithmetic to the Conference 

of Manual Training Teachers in 1903. Sir PhilipMagnus said:

"Probably there is at present no subject which is taught with less 

regard to its practical usefulness, and by methods more wearisome to 

the pupils, than arithmetic •............ o ,oH If we consider for a 

moment the kind of problems we are required to solve in our ordinary work, 

even when it is of a technical character, we shall realize how little of 

the abstract arithmetic which we learn at school is of any practical 

use to us in After li fe .............. 



Now it is found, that, for the purpose of elementary education 

certainly, arithmetic, like drawing,can best be ta~ght in connection 

with the handwork of the shop. The first exercises at the bench invol'le 

measurement - actual physical measure~nt - and measurement means 

reckoning and calculation •.•.•••••••• The measurements of areas and 

solids is also best illustrated by actual practice, and the 

calculations based thereon can again be verified by the measurements of 

the real thing". These comments by 3ir Philip Hagnus were included by 

Millis to support his arguments for mathematics within technical education 

to be taught in such a way that the students can relate it easily to their 

practical subjectS. The majority of mathematics taught within technical 

and further education at this time seems to be arithmetic and geometry, 

'.I 0 

with some Newtonian Mechanics which would now be called Applied Mathematics. 

In 1901 at a meeting of th{l Mathematical Association in Glasgow, 

Professor Perry also commented on the "usefulness" of Mathematics. He 

listed eight "obvious forms of usefulness in the study of mathematics". 

The following liRt is taken from McNelis and Dunn \:.2SJ ) 

but it is also contained in more detailed fcr~ in ~riffiths and Howson 

"Mathematics. society and Cut":':'icula(ibJon pages 17 and 18. 

"(i) In producing the higher emotions and giving mental pleasure. 

(ii) (a) In brain development (b) In producing logical ways of thinking. 

(iii) In the aid given by mathemtical weapons in the study of physical science. 

(iv) In passing examinations. 

(v) In giving man mental tools as easy to use as their l~rs and arms, 

enabling them to go on with their education (development of their souls 

and brains) throughout their lives, utiliSing for this purpose all 

their experience. 

(vi) In teaching a man the importance of thinking things out for himself 

and so delivering him from the present dreadful yoke of authority and 

convincing him that, whether he obeys r c m d h o 0 man s ot ers, he is one 



of the highest beings. 

(vii) In making men in any profession of applied science feel that they know 

the principles on which it is founded and according to which it is 

being developed. 

(viii) In giving to acute philosophical minds 'a logical council of perfection 

altogether charming and satisfying, and so preventing their 

attempt~ng to develop philosophical subjectSfrom the purely abstract 

point of view, because the absurdity of such an attempt has be~ome 

obvious". 

The:, set of aims of mathematical education listed by Professor Perry 

was to have considerable influence on mathematical education on both sides 

of the Atlantic. As we have already seen in the previous pages of this 

Chapter many mathematics syllabuses'r:oriu.ined mostly arithmetic and geometry 

which was often taught by rote learning methods. In 1871 the Association 

for the Improvement of Geometrical Teaching was formed. It was later to 

become the ~pthematical Association. The A.I.G.T. and later ,the M,A. had 

little impact on mathematical education, mainly due to the 

conservation of the Universities but following Professor Perry's address in 

1901 the Mathematical Association was given new impetus. In 1912 at the 

International Congress of ~athematicians held at Cambridge, there was, to 

quote Gri.:'fiths and Howson, "an enormous amount of activity and excitement, 

because so many people were involved in planning courses to meet the new 

demands of the time". Contributors to the conference included Godfrey, 

Siddons, Barnard, Durell, Gibson and Hardy, who were also to produce some of 

the most widely used mathematics textbooks for future generations of school 

and college students. 
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Mathematical education in England' was to remain virtually unaltered 

from 1912 until the 1950'a. The radical changes had come about with 

the establishment of a state education system. The first decade of the 

twentieth c .. ntury was to see the displacement of Euclid's Elements b." 

Godfrey and Siddons, Hall and Stevens etc. and the introduction of 

school algebra by such authors as Hall and Knight, and the inclusion 

of calculus and mechanics into the school curriculum. The main change 

in Technical Education in this period was the introduction of the 

Natiunal Certificate and Diploma courses after 1918. These were to 

grow steadily in the next three decades, as the following numbers taken 

from Argles(2,]show. 

Ordinary Awards 

Higher Awards 

1923 

663 

168 

1931 

2,043 

749 

1944 

4,070 

1,405 

1926 saw the pUblication of the Hadow.report _ "The education of the 

adolescent". This report really marked the beginning of secondary 

education, in the form it was to remain until the nineteen sixties. The 

main recommendations of the report were:-

(a) to raise the school leaving age to 15 (this was not implemented 

until 1947 - following the 1944 Education Act) 

(b) to establish two main types of post-primary i.e. secondary education, 

dependant on a selection e.amination at 11 - the 11+ examination. 

The pupils successfuL in the selection examination could go to a 

Grammar School where as tho-e who were n)t successful attended a 

Secondary Modern School, or a Senior Class w"ich was to be added 

to an existing elementary school. The trade schools and Junior 

technical schools, mentioned earlier in this Chapter were to 

continue to make their contribution to the education of the 

adolescent. 
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The Radow report contains "Suggestins on Teaching" various subjects 

as part of the report, and there is a section on "Elementary Mathematics" 

(pp 214 - 220). This deals with the approach to teaching mathematics 

and gives a gn'.de syllabus for a Modern School. ~~is is particularly 

valuable with reference to technical and further education as most of the 

students in this sector of education, at this time, would come from 

a secondary modern school. The syllabus thclo provides a clear indication 

as to the mathematical knowledge of most students entering further and 

technical education. (The suggested syllabus is shown in Appendix No 2). 

The syllabus shows the movement away from a domination of arithmetic and 

geometry, with the inclusion of algebra and trigonometry. (This 

syllabus in fact is beginning to resemble a typical "traditional" 

mathematics syllabus as in use today, and will be compared later in 

this chapter with a new Technician Education Council (T.E.C.) Level 1 

standard unit shown in Appendix No 10). 

The report also contains some interesting "Suggestions on 

teaching" which give an interesting insight into the aims of mathematical 

education in the late nineteen twenties, and thirties, in 'England. The 

opening remarks are "There seems to be general agreement that the 

subject of arithmetic as taught today, not only in primary but in 

other schools, in in need of considerable improvement in regard to both 

choice of material and the use made of it". The committee then go on to say

that much of the arithmetic taught is of very little use to the pupil 

in later life, and that the amount of arithmetic should be reduced in 

order to allow time for other facets of ~thema~1cs. The committee go on 

to say "On the other hand our modern industrial system with its complex 

ramifications, and the part played by science in the modern civilised 

community make greater demands upon the mathematical knowledge of the 

ordinary citizen. The sciantific and engineering inve~ions of the 



modern world, motors, aeroplanes, wireless telephony, and the like, 

all require, even for a superficial understanding of them, some 

knowledge of mathemati,~al principles and their applications". 

The report says that the mathematics curriculum should be 

"xtended to include "parts of mensuration, algebra, geometry and 

trigonometry, especially such as are necessary for the intelligent 

comprehension of some of the problems of everyday life". It then goes 

on to say that this material should be taught in such a way that pupils 

develop "a coherent system of mathematical ideas, and the realisation 

of the subject as an instrument of scientific and social progress". This 

section of the report concludes by stressing the need to ally 

mathematics with the practical sUbJec,l;.<:, being studied:- "The child 

should also be led to feel the necessity of some particular rule or some 

new process in order to solve some problem or help him in some 

practical difficulty such as will occur in intelligently conducted work 

in mensuration, wood work or experimental science". Also that 

mathematics should not be taught in a purely academic way in a modern 

school, the mathema.ics periods should i.nclude some }lr'c.ctical work:

"This pI~Jtical work should include not only exercises in weigh:ing, 

measuring and drawing, but also the construction of models by th(, c!:ild 

and experimental '.ork indoors and outdoors". 

The comments given above from the Hadow report are very similar to 

the views expressed by Millis, listed earlier in this Chapter. The 

specimen syllabus given in "Gr,e Hadow report was to form the basis of many 

"traditional" mathematics syllabuses (t:10se not containing many modern 

mathematics topics introduced in the 1960 l s such as S.M.P. M.M.E. etc). 

This can be taken as a typical syllabus which an entrant to further or ' 

technical education would have studied at school. 
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The Spens report in 1938 "Report of the Consultaive co~~ittee 

of the Board of Education on Secondary Education with Special 

reference to Grammar Schools and Technical High Schools"()30)made 

several recommendations for secondary education which were to 

in:lufnce technical education. The report recommended a reorganisation 

of secondary education from that established following the Hadow 

Report, to a trip artite system i.e. Grammar School, Technical High 

School and Modern School, entrance to the firs~ two followin;3 some 

form of selection procedure at 11. The Technical High schools were 

to replace the Junior technical schools and Trade sctoolS but were 

to maintain the close liasons with further education enjoyed by the 

Junior Technical schools and Trade schools. The Spens report says 

"The special value of Junior Technical Schools depends, in our opinion, 

on their contact with the staff and the equipment of a Technical College. 

In consequence special 'courses I in multi-la teral schoolJl>~e~g;;a:;-the' report 
also called for the raising of the school leaving age to 16, a recommendatio n 

not implemented un~il 1975. 

The Technical High Schoo~worked in close co-operation with their 

local Technical colleges, and many pUpils on leaving the High school would 

go to the Technical College - usually on a part-time day or evening 

course leading to a National Certificate, or some trade certificate or 

diploma from the City and Guilds. A tYpical mathematics syllabus 

used in a Technical High School is given in Appendix No 3. The 

syllabus is taken from a Mathematical Association report of 1949 entitled 

"Mathematics in the Secondary Technical School". The report says that by 

necessity mathematics will con.stitute a conSiderable section of the 

curriculum. The report lists figures for the number of hours of 

mathematics teaching in Junior Technical Schools •. The Technical High 

School was not established until the 1944 Act - for this recommendation 

of the Spens report could not be implemented until after the Second 
CDWhat we would now call a comprehe~sive school. 



World war) prior to 1944. The figures quoted are as follows:-

School 1 Mathematics ·5* hours per week in each year 

Science 5;thonrs per week in each year 

Drawing 4~ hours per week in each year. 

School 2 (a) Building Course 

Minutes per week 

Subject Year 1 Year 2 

Mathematics 175 210 

Mechanics 140 140 

Physics 70 70 

Drawing 210 140 - 120 

(b) Engineering Course 

Minutes per week 

Subject Year 1 Year 2 

Mathematics 210 210 - 350 

Mechanics 105 70 - 140 

Physics 70 - 140 70 - 140 

Drawing 210 - 250 210 

Total available hours for these schools was, generally, nearly 30 per 

week for all subjects. 
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The report goes on to list what it sees as the three main aims of the 

mathematics course in a Secondary Technical School. These three aims are:-

1) Socia~ 2) Vocational,and 3) Cultural. The authors suggest that in the 

context of the technical school the vocational aspect is the main ~im -

"The interests and abilities which have brought the pupils into the 

technical school will point towards the vocational and utilitariain aspects 

of their w:::rlt. The strength of this vocational interest and the 

47 

assurance that what he does in the mathematics classroom is of direct 

assistance in other classes and in his future career will help the pupil to 

overcome early difficulties and will provide the impetus which makes rapid 

progress possible". The report does say that following a secondary technical 

education many school leav~s have proceeded to some form of further 

education related to their work. "Thus it appears that some 55 to 65 percent 

of leavers have commenced a National Certificate Course or its equivalent, 

and some 20 percent take craft courses." 

With reference to the teaching of the subject ~"tter the report says -

"He (the pupil) will wish to know, at every step, how his mathematics is 

related to the technical interests which h8 has 'already shown ~nd which should 

be strengthened with every lesson. Much will depend on the teacher. An 

academic knowledge of his subject is not sufficien~'"e must be interested in 

the technical applicatiolllof mathematics and must in'i.ng his interests to 

bear on his classwor1j:." Comparing this to the comments found in l1illis's 

bookCl~and the Hadow report both stress the practical applications of 

mathematics and a practical teaching approach. As the Technical High School 

was envisaged as being on "a par" with the grammar schools, one can see a 

shift of emphasis in the teaching method recommen~in the report to that of 



a 0 u nd acaedmic knowledge, supported by technical applica tions. 

The committee although presenting their suggested syllabuses divided up 

into algebra, trigonometry, geometry, arithmetic etc. say that if one 

subject is taught in a compartmentalised way the unity of mathematics is 

lost and this may well hinder the development of,mathematical ideas. 

The report goes on to say that:- "'tlith every topic, in every lesson, the work 

should be linked up with other branches of the subject, joining the narrow 

paths of the aingle subjects into one broad highway of mathematics". 

The report does recommend that trigonometry be taught earlier for:- "the 

early introduction of trigonometry will help to remove some of the 

abstractions of geometry and the difficultieswntch have come with them" • 
. ~. -
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This again shows the gradual change Wh1Ch has',occurred."'ith regard to the 

amount of geometry wh:cch has been taught, and also the way it has beeen 

taught, a shift away from the rigid theorems, of Euclid, to, a method, 

using observation, drawing and trigonometry to arrive at geometrical 

reasoning by a more intuitive approach. 

The Mathematical Association ~lso published in 1949 a report entitled 

"The training of Teachers ,of ·~tnematics in Technical Schools and Colleges" 

[1j.~J The report is by the same sub-committee as "Mathematics in the 

Secondary Technical School". The report consists of two parts, the 

first referring to the training of teachers for technical schools, 

the second for technical college teachers, although the authors say that 

many of the comments relevant to technical school teachers apply to 

mathematics teachers in technical cOlleges. The report lists three conditions 

which they feel a successful teacher should fulfil, These conditions are 

a) He must know his subject matter, to at least a level above that to whmch 

he his teacldng. 

b) He must be keenly interested in the applications of mathematics to other 

subjects. 



c) He must have sufficient technical knowledge to be able to present his 

subject acceptably to h,; pupils. 

In analysing these points, the committee felt that although the first 

point had been taken care of (in and prior to 1949) little or no 

attention had been paid to parts b) and c). The report goes on to lay 

some of the blame for this on University Mathematics departments which 
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it says are mainly "pure" in nature with little application to mathematics 

being taught. (Engineering Mathematics Departments such as the one at 

Loughborough University of Technology are a relatively new feature of 

university campuses). The report continues:- "But until the outlook 

changes, or other steps are taken, the majority of those who enter the 

teaching profession as mathematical specialists will have been taught "pure" 

mathematics and abstract mechanics in an atmosphere largely indifferent 

to technical (if not scientific) applicatiOns". The report then lists several 

ways of correcting this situation and says "One approach to a solution 

would be much greater emphasis on the history of mathematics, which would 

show the interplay between man's contact with the "real" world and man's 

intellectual urge and curiosity; both are essential." This is an approach 

to mathematics teaching which is again under consideration as a means of 

making mathematics seem "more relevant". The report also says "It may also 

be possible to take men with technical qualifications and experience 

(by having for instance a higher national certificate in engineering or 

other techniCal subject) into technical teacher training colleges and to 

give them a special mathematics course so as to equip them to teach 

mathematics as one of their subjects in a secondary technical school". 

This section of the report concludes by conSidering the salary and 
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career structure for mathematics teachers in technical schools, which 

they said must be suitable to attract the right type and quality of 

man into the teaching profession., (This is an issue still very 

much in debate, as there is said to be at present a shortage of 

suitably qualified mathematics teachers - a point which will be 

discussed in more detail in the final Chapter of the disse<tation). 

Section two of the report specifically deals with teachers in 

technical c,',lleges. The section again opers with three points 

considered by the committee to be essential for a good mathematics 

teacher in a technical college:- "The teacher of mathematics in a 

technical college should normally have an honours degree in which pure and 

applied mathematics have been studied to a final standard. 

a) The teacher must be competent to teach ~thematics at least up to 

the standard 

examination. 

", of mathematics in an Engineering or Science degree 

b) He should be keenly interested in applications of mathematics in other 

subjects of a University Engineering or Science degree. 

c) He should have sufficient knowledge of two or more technical subjects 

to enable him to tackle difficulties WhiCh students have with the mathematical 

content of these subjects". 

These can be seen to be very similar to thdse for the technical 

schools, and do not seem to stress the need for industrial experience 

which eeems to be required in many technical college engineering 

departments today. 

The report does highlight several difficulties which may be 

experienced by a suitably qualified man wishing to enter further 

education. The majority of technical college work at the time of the 

report was conducted in the evening and the report suggests more 



incentives to encourage men to take up technical college teaching as 

opposed to school teaching as it says - " the secondary school seems so 

much easier and anyway it is not unknown country". The question of 

promotion is also discussed, for it was felt that it was very ,Efficult 

(if not impossible) for a mathematician to be made a college Principal, 

whereas one had a chance of becoming a secondary school headmaster. 

This section of the report also calls on University Science and 

Engineering de;1<rtments to show their students the links between pure 

mathematics and the scientific or technical applications of that 

mathamtics. It says "In no way perhaps would this mutual apprecietion be 

better fostered than by! . lectures' ion the history of the interaction of 

mathematics and science". Stude~ts taught with this in mind WOUld, if 

they pe:'~ued a teaching career, be able to pass on this fascinating 

intermineling of mathematics with science and technology to their own 

students. 

A considerable amount of the work undertaken by technical colleges 

since the 1920's involved the national certificate course, full and 

part-time, and the City and Guilds Technician, and Similar Courses. 

(Syllabuses and outlines of the courses can be found in Appendices 4 and 5 

pages '2q-I~4-) The National Certificate courses were mostly studied on 

a part-time basiS in the evening, or in the nin6teen fifties and sixties 

by day-release, and evening work. In considering the mathematics content 

of National Certificate courses a report by a sub-committee of the 

Mathematical Association entitled "The teaching of X;.tbematics in 

Technical Colleges" (" Lf.2.] published in 1954 is a valuable 

reference bOOk, in terms of reviewing the syllabuses in use at that time 

~\d in providing the practiSing teacher with examples and suggestions as 

to the presentation of many topics appearing in the mathematics 

syllabuses of Ordinary National Certificate courses. 



The syllabuses given in Appendix No. 4. was part of an D.N.C. 

(Ordinary National Certificate) Course in Applied Sciences offered 

until 1978 in the SCience Department at Loughborough Technical College. 

(t.lthough there a1"'3 no National Certificate or Diploma courses offered 

in the Science Department - these having been replaced by T.E.C. Certificate 

and Diploma Courses, other departments within the coll .. ge do still offer 

National Certificate and Diploma courses). The syllabus is a guide 

syllabus which can be varied to suit the needs of individual collegea. 

There is, however, a common core to the mathematics syllabuses of 

National Certificate courses, which the Mnthe~tical Association report 

says accou.'lts for some three quarters of what is taught in any 

particular college. 

As the syllabus given in Appendix No. 4 was almost certainly 

written in the 1960's or early 1970's there are some topics included 

which are not contained in the Mathematical Association reports suggested 

teaching scheme shown in Appendix No. 6. Statistics is one such topic, 

for although included in the suggested Secondary Technical School 

syllabus (AppendiE No. 3) of 1949 it does not appear to have entered the 

National Certificate syllabuses until the "Modern Ma.ths" 

developments in secondary education in the 1960's. (Discussed in more 

detail in the next part of this chapter). The National Certificate 

syllabus does show the higher academic content of the course,saY
1 

when 

compared to the technician syllabus shown in Appendix No. 5. and the craft 

syllabuses shown in Appendices No. 7, 8 and 9. 

The M.:lthematical Association report says that the chief difference 

between teaChing mathematics at National Cerr.ificate level, -'to", 

teaching in a school is the amount of time available. \.' /n school 

more time is available and usually on a daily baSis, whereas the College 

lecturer may only see his stUdents once a week. The other major 

difference is in the students themselves, the school students are 



younger and have a statutory obligation to attend school, college 

students are in general older, have probably been at work all day and 

may well have paid their own fees in order to attend the course. This 

difference in student background and often motivation can be used to 

advantage by the lecturer at college who can draw on his students own 

industrial experience, as well as on subject matter from other subjects 

to enhance his students understanding of the mathematics he is teaching. 

A paper given by J. Topping to the Annual General ~!eeting of the 

Association of Technical Institutes in 1952 entitled "National 

Certificate C';urses in Applied Physics" also contains some interesting 

paragraphs on the nature and role of mathematics in National Certificate 

courses. In a section of the paper entitled "Mathematics and Physics" t4iJ 
Topping says that "In the mathematics courses therefore it is important 

to teach the basic techniques in algebra, trigonometry and the calculus, 

not as they would be taught to a mathematical speCialist, but,through 

the practical and concrete". The physicist is concerned with expressing 

physical situations in mathematical: terms, then using mathematical 

techniques 013 these to obtain an "answer" which he has to translate back 

again into the language of physics. The physical is thus more 

concerned with the "modelling" aspects of mathematics. 

Topping goes on to say "It is clear,therefore, that co-operation 

between the teacher of mathematics and the teacher of physics is essential 

and that there is no simple division of functions between them". This 

is now taking place in the form of integrated sections within courses, 

where the traditional subject divisions are broken down and two or more 

subjects are taught together. This does, however, require staff who are 

conversant with the various subject areas, or some new approach to 

teaching such as team teaching. 



The Mathematical Association report as well as 

containing sections on the Ordinary National Certificate, and the 

Higher National Certificate (~lost H.N.C. courses are now carried out in 

Colleges of Higher Education or Polytechnics, and have thus not been 

discussed in this dissertation) also contains a section on the mathematics 

involved in trade courses - the majority of which are run by the 

City and Guilds of London Institute of Technology. The report says 

that for the craft student in particular, mathematics has to be seen to be 

useful, thus the guide syllabuses listed in the report and reproduced 

in Appendices Nos. 7, 8 and 9, also list,with the mathematics content, 

many practic~l examples which Can be used •.. , related to the students 

own trade or craft. The report suggests "The solution is to begin the 

course, not with the tedium of arithmetic or algebraic manipulation, based 

on artificial situations or the abstracti'tms of nUl,lber, with a rigidity 

and accuracy later to be discarded because it is demonstrably unjustified, 

but a series of practical situations, ariSing from the students own craft 

or other interests, in .. hich it may be shown clearly that a mathematical 

treatment is either essential, or else a considerable saving. of time 

or labour, as compared with trial and error. It is the main justification 

of mathematics at this stage, and probably at most stages in school work 

that guessing and testing may be reduced or eliminated by the use of 

mathematics." The whole of this PaSSAge has been quoted, for it is 

still sound advice to the teacher of craft or trade courses today, as it 

was in 1954. Many students at this level of course may have difficulty 

in making abstractions, and requ're practical concrete mathematics in 

order to succeed in their college course, and their employment. 



r~athematicB may well be taught in trade co~rsesin an "integrated mode", 

i,' e· it may be taught in conjunction '.i th one or more of the other subjects; 

the subject specialist can then teach the rlL<thematics related to his 

subject with the other subject matter. The danger 0:' this type of approach 

is that although the subject specialist may ce very conversant with his 

own subject ~tter and its teaching, his knowledge of mathematics (outside 

that related to his own subject discipline) and its teaching may result 

in his students not really getting a comprehensive mathematics education. 

This problem is also discussed in the Mathematical Association report 

"Should the teacher of trade course mathematics be a mathematician or a 

craftsman? _ Ideally he should be both, and by teaching crafts and 

mathematics link them in a vital way. It would seem that this solution 

is likely to be achieved. but rarely, and the description must generally 

be made on the basis of one or .,the other". The report does, however, 

go on to conclude "it appearS that up to a certain level it is better 

for Trade Ccurses to be taught by a craftsman interested in mathematics. 

Such a man is in a favourable position for linking the subjects and 

might, especially in the smaller colleges, provide a useful reserve 

teacher for the mathematics staff". 

The Mture and role of mathematics had been fairly stable within 

further and technical education f~om around the 1920's up to the 1950's, 

but in the early 1960's developments were to take place which had a 

considerable effect on further education, and also on the range and types 

of courses offered - and thus on the mathematics studied within this 

sector of education. These developments are discussed in the next section 

of this Chapter. 
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2.3 Developments 1960 to 1981 

The most significant development in primary and secondary education 

within this period was the introduction in many English schools of "modern 

mathematics" syllabuses. Their introduction into the 5 - 16 sector of 

education was bound to have an effect on further and technical education. 

The new mathematics curricula for the 11 - 16 year group had been 

influenced by developments in America. (The biggest and best known of these 
- ----l 

• I 
_ ~S_I the School Mathematics Study Group - SMSG which was established in 

1958) • 

The sudden interest in mathematical and scientific education,although 

started in America in the early 1950's)was given a considerable 

financially by the launching of the Russian satellite Sputnik I 

boost 

in 1957. 

This made the American s realise that they did not have the commanding 

world lead in technology which they thought they had. In order to restore 

this lead, more money was made available for education. The P.S.S.C. 

(Physical Science Study Committee) started by Professor J.R. Zacharias at 

M.I.T. (Massachusetts Institute of Technology) in 1956, was to form the 

model for many other Science and Mathematics projects. 

In England however no such additional finance was available and the 

projects in England tended to be teacher - dominated while those in 

America were mostly University dominated. The biggest and best known 

pro.iect in ~ng1and is the School.s ;,athematics Project Cs .r,.p.) '['he 

D.I<.r. syllc-bus \,'88 origina.lly \olritteI: as a grammar school "Ut level 

course. l:ut \'itlS late!" extenDed to inclu~_e ... , C •. 3.::. cour:::e. un:: c.n !I.'~!I 

level course. These modern mathematics syllabuses in the primary and 

secondary education sectors were to have an influence on further, and 

technical education in the late nineteen sixties and early seventies. 



The new syllabuses were not fully understood in industry, and posSibly 

were often introduced in some schools as a "jumping on the band wagon". 

Thus mathematics education was to come under close public scrutiny in the 

Great Education Debate instigated in the mid 1970'S by the then Prime 

Minste~ Mr. J. Callaghan. Industry was thus looking towards technical 

and further education to teach the mathematics it required its operatives 

and technicians to have, in order to carry out their jobs properly. 

The major changes in technical education during this period (i.e. 

1960 - 1980) can be traced back to a very extensive report by the Central 

Advisory Council of Education- i entitled "15 to 18"(Volumo;s1 and 

2) • The report published in 1959 is often referred 

to as the "Crowther Report" for the Central Council was under the 

Chairmanship of Sir Geoffrey Crowther while preparing this report. 

The report looks at all aspects of ' past-secondary education in the 

15 - 18 year old age groups. The report does make a strong comment on the 

quality of the mathematical education of many secondary school leavers, 
I 

and by the loW standards in the!field
i 
of mathematics which are (so it seems 

to us) wrongly accepted as inevitable for far too many pupils". This 

type of observation was probably one of the factors which made m,thematics 

teachers look closely at the subject matter and teaching methods being 

,used, firstly at the secondary level (11-15years) and then throughout 

the entire spread of school education (5 - 18 years). This comment in the 

report also shows the difficulties which many further and technical 

colleges would be having with regard to the mathematical abilities of their 

student intakes. 

The Crowther report was written twelve years after the raising of the 

school leaving age to 15 and reviews what effect this has had on 

secondary education. One of the main factors the report highlighted was 

the growth of external examinations(The General Certificate of Education 

(G.C.E.) was the only offiCially recognised public examination by the 



Ministry of Education/and the Ministry did infact actively discourage schools 

from taking other public examinations). The G.C.E. examinations were already 

being taken in the selective schools - the grammar and technical high schools, 

but, during the 1950's the report shows that there was a steady and 

substantial increase in the number of modern school pupils taking G.C.E. 

examinations. The raising of the school leaving age had meant that a G.C.E. 

course was now possible with the top stream in a modern school. The report 

says that there was need for some form of certification for many school 

leavers to indicate their standard of knowledge, but that care needs to be 

exercised in oder to safeguard the educational interests of all pupils. 

The report says that of the G.C.E. subjects entered for by boys "28 per cent 

are mathematics and science subjects - the impetus no doubt comes from the 

exemptions which they confer in the National Certificate series of examinations 

at technical colleges and because they are asked for by employers". The 

report then goes on to say that a "low-level> examination is required for 

the top half or third of the modern school population - this is a need which was 

filled by the Certificate in Secondary Education (C.S.E) Examinations. 

The report also looked at the proposal made in the 1944 Education Act 

(and previously in the 1918 Act) to have statutory part-time education for 

two-years after leaving secondary school. This was to ease the transi,tion 

between school and work for the adolescent, and was to be brought about by the 

building of County Colleges. The report sees four main education aims for 

the county colleges. The first is helping young workers find their way 

successfully in the adult world, secondly, helping them to define a set of 

moral values by which they can live, having left the sheltered school 

environment. Then thirdly, encouraging them to continue the physical and 

aesthetic activities they pursued at school, and finally to correct any 

deficiencies they may now realise , they have in their formal school education 

which are now a handicap to them in their employment. 



The main educational aims of the County College as outlined by the 

Crowther Committee indica\e that the mathematics to be taught in such a 

college would be ofoutilitarian nature. Most of the students attending 

such colleges would probably be in unskilled or semi-skilled jobs, for 

others in skilled jobs or technician~ posts etc., would almost certainly be 

already attending a technical or further education college, on block 

or day release, or in the evening to obtain extra qualifications. The 

likely mathematicss~abuses look like being similar to those operating in 

Modern Schools, to enable students to correct any deficiences in their 

mathematical knowledge, and also containing topics like money management, 

and simple calculations for do-it-yourself or other hobbies and interests 

the students might have. 
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The building of County Colleges does, however, seem as far away now as it 

did in 1958, or perhaps even more 80, due to present economic conditions. 

The need, however, for this type of further education is perhaps greater 

than it has been in the past, for it could also offer part-time education 

to unemployed school leavers, and! give ° young people ,advice and help in how 

to use their enforced leisure time, to the mutual benefit of themselves and 

society, as well as equippin~ them for employment in the future. 

The report which is very comprehensive in nature then gives a review 

of the further education provision available in 1958. A list of the various 

further education establishments is given with a definition of each 

based on the levels of courses offered and the princip£ mode of attendance. 

The committee comment on the high "wastage" in technical and further 

education particularly in part-time courses (~stage is taken as being 

students who start a course, but do not satisfactorally complete the course 

and/or obtain any qualification at the end of the course). This is a 

problem which led ,the Committee to recommend that more full-time, or 

block-releas~ courses be instigated, as being more satisfactory educationallY 

than the one day and evening attendance which was stoll d 0 

,~ a pre om~nan t 



feature of English technical education. The end of Chapter 30 

"Characteristics of Further Education" does contain an intersting final 

paragraph (504) on Staff in Further Education. "The Technical Colleges 

employ 14 per cent of the total of men graduate teachers in the public 

sector as a wh;le, but they employ 20 percent of the 12,000 mathematics 

and science graduates and 75 percent of the 2,000 technological graduates 

in teaching. The teaching force. is composed to a much greater extent 

of teachers without specific training for teaching". A point to which 

we will return in the following chapters of the dissertation. 
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The report, which as mentioned above earlier recommended a swing in 

technical education towards more full time courses comments in paragraph 

519. "The disadvantage suffered by students Who attempt these courses solely 

by evening study emerges very clearly. The biggest single handicap, 

however, is a weakness in mathematics ••••••••• one of the reasons for the 

below-average showing of students who attended modern or all-age schools 

and of students who left school at 15 is prec~ly that they may be 

expected to have less mathematical knowledge at the onset of the course. 

It may also very well be that mathematics as a subject requires more time 

with a teacher and more individual help in understanding and overcoming the 

difficulties than most subjects. It may therefore suffer more than the rest 

of the curriculum from the compression of the technical college curriculum, 

and the gaps that necessarily occur between l"ssons ••••••• Not only does 

the country need all the technicians and technologists it can get, but 

most technicians and technologists now require an appropriate mastery 

of mathematics". 

The observations made on the nature of mathematical education, outlined 

above, although used to support the argU"'IIent for more full-time, and 

block release courses, are relevant to the teaching of mathematics in all 

spheres of further and technical education. The report recognises the 



key role which mathematics plays in technical education; for failure 

by the students to adequately grasp mathematical concepts, and apply 

them, will result not only in failure in mathematics but most probably in 

the. sciences as well, ~lso the importance of careful timetabling of 

mathematics periods, even within a full-time course, so that there are not 

long gaps between successive mathematics periods, and then say two periods 
J I 

in the Same day. 

While some of the problems outlined above are of an administrative 

nature, many are the responsibility of individual teachers or lecturers. 

In Chapter. 37, entitled "The teachers", which is concerned with the supply 

of teachers, the report says that although many graduates with arts degrees 

see teaching as a satisfactory and worthwhile career - this has not been 

true of scientists and mathematicians. The report then goes on to say that 

this situation has to be remedied so that more mathematics and science 

graduates are attracted to the teaching profession, but it also warns that 

it is no good having a recruiting campaign for highly qualified teachers 
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based on false promises'. In its conclusion on teacher supply the committee 

notes:- 'There should be more variety of conditions of employment for 

teachers. They are not a homogeneous body and will become less so with 

the growth in the upper schools, which have a wide range of specialist 

requirements. The tendency will be increased with the advent of county 

colleges and other specialist institutions". 

~e early 1960's saw the publication by the Government of two White 

Papers which were to have a considerable impact on further and technical 

education. The first published in 1961 was entitled "Better Oppurtunities 
I I 

in Technical Education"fll.J The:-seconddealt with. Industrial Training [so] 
and resulted in the 1964 Industrial Training Act. The government had at 

this time recognised the need to train more skilled scientific and 

technical manpower for industry. Severl reports had recommended increasing 

considerably the number of graduates in science and technology and also 



, said that these new scientists and technologists would require 

"technician" backup if they were to work efficiently in industry. The 

1961 White Paper estimated that as many as five or six technicians 

might be required for every sCientist or technologist. 

The following changes recommended by the 1961 \Vhite Paper are listed 

in a Slightly abbreviated form taken from "Technicians Today and 

Tomorrow" by J. T. Young [5:4J . The changes "ere as follows:-

1. To broaden the education received by students in college and ensure 

maximum continuity between school and college. 

2. To adapt the system more closely to the needs of industry. an~ in 

particular, make more and better provision for technicians. 

3. To increase the variety of courses available to students. 

4. To reduce the failure of many students to complete their courses 

successfully. 

The methods of achiev>.ing these objectives are also outlined in the 

White Paper, which makes considerable reference to the Crowther Report 

of 1958 r~J. The proposals outlined which were to affect 

mathematical education within technical colleges are listed below.:-

1) More care should be taken in the selection of students for courses. 

Colleges should experiment with full-time induction courses with tutorial 

methods. 

2) The courses should include-

a) National Certificate and Dimploma Courses for students aiming to 

become at least high-grade technicians. 

b) ~chnician courses devised specifically for particular industries. 

c) craft courses. 

d) ~ourses for operatives. 



3. New courses should be introduced leading either to technician 

courses or a.N.C. or a.N.D. courses. 

4) 110re time should be made available under day release schemes. No 

students should have to rely wholly on evening study. 

5) Sandwich courses and block release courses should be increaSingly 

developed. 

The Cro\1ther report> as mentioned earlier, noted the considerable 

wastage that occured within "further" education, and that in the case of 

the a.N.C. this was due to failure L~ mathematics. This accounts for the 

proposal that more care should be taken in the selection of students 

to particular courses. Young (Js'2] notes on the ~'hite Papers provision 

for a New General Course "These were to provide a diagnostic period 

during which it would be possible to decide whether a student was better 

suited to a Technician or a National Certificate Course. Since these 

required essentially the same fundamental knowledge of mathematics, 

science and like subjects, the General Course would be equally valuable 

as a preparative perjod for either". (Fig. No. 2 shcws how the General 

Course fits into the pattern of courses proposed in the 1961 White Papen) 

Young then goes on to say that if these recommendations were 

implemented, i.e. more day and block release courses, more full-time 

work encouraged, induction courses and tutorial ~ethods fostered" and 

new, specialized courses for technicians and operatives developed -
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then many more technical teachers would be needed. Young then says about the 

current (1965) stock of further educati"n teachers, the proportian w"s 

four part-time to o'ne full-time: but the full-time members of the staff 

are predominantly men (about 7 to 1) and they mostly have technical or 

scientific qualifications. Furthermore, most technical teachers have 
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NOTES:-

Operative course (These courses vary greatly in length) 

Craft Course 

Technician Course 

General Course 

Oriinary National Certificate or Diploma Course (The 

Certificate courses are part-time,the Diploma courses full-time 

or sandwich) 

Higher National Certificate Course (Part-time) 

Higher National Diploma Course (Full-time or Sandwich) 

Denotes an Intermediate or final stage associated with an 

examination. 

Students leaving secondary schools after a 5 year course will 

normally take a one-year general course. 

1) Courses for Degrees, Diplomas in Technology. or other 

qualifications leading directly to technologist status are not shown. 

Students gaining Higher National Diplomas or Certificates may also 

reach technologist status by further study. C;uch further courses are not 

shown. 

2) This outline does not show all the possible routes open to 

an individual. For example there will be opportunities for some 

stud~ents to transfer from a course of one level to an appropriate point 

in a higher course. 



not received any specific training for teaching, about three quarters 

being untrained in this respect, and their recruitment has always been 

quite haphazard"'., The replies to a questionnaire sent to local further 

education colleges, for completion by staff teaching mathematics, are 

contained in the next chapter of this dissertation, give some 

indication as to the present st~ffing position within further education. 

The 1960's'was also a time of considerable interest in the 

application of technology to teaching and teaching methods, which has 

changed very little from the early twentieth century. The developments 

were in many forms:- teaching machines, programmed texts, language 

laboratories, film loops etc. Many, however, although backed by the 

current psychological theories did not have the revolutionary impact 

upon education that many thought they would have. In fact examples of 

some of these machines can be found in many mathematics room cupboards 

gathering dust. Some of the developments, however, did make an impact 

on mathematical education, and did sow the seeds for the development of 

Computer assisted learning (C.A.L.) packages, which are now available 

for many micro-computer systems. 

The educational technologists of the 1960's envisaged the 'machines' 

taking over alm'st completely" the teachers job. C .A.L. packages are 
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now, however, seen as one of the methods available to a teacher today, and 

are oftem used for remedial work, or in the simulation of experiments which 

when carried out by the computer are exactly repeatable as many times as 

the student requires. There are many mathematics C.A.L. packages which 

are commercially produced, and many are now being written by individual 

colleges to fulfil_ the needsof their particular students. 
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The rapid technological developments in the 1960's meant that the 

government, even following the publication of its 1961 White Paper)was still 

very concerned about the training of scientists and technologists, and 

technicians. The training of technicians being 'the chief responsibility 

of technical and further education. Young [5;:0 says in Chapter 5 - "Relying 

upon promotion of craf'smen of unusual technical ability and the transference 

to technician employment of those prospective professional entrants who 

prove unsuccessful is wholly inadequate. Only by delibera~y offering to 

those about to leave school the opportunity to study to become technicians 

and devising special courses of instruction for them can sufficient man-power 

at this level of skill be made available". It seems that Young is saying 

that even the new pattern of courses (Fig. No. 2) contained in the 1961 

' .. hite Paper is inadequate, and that full-time specialist technician courses 

should be introduced into further and technical education. 

The major expansion within further education in the 1960's and early 

1970's was associated with techniCIQn education. There are many definitions 

of a technician Young[5ZJ, however)approaches this problem by looking at 

the attributes required by any technician, irrespective of their fields of 

operation. The attributes are:-

"a) an adequate knowledge of mathematics and basic science; 

b) an acquaintance with appropriate workshop and laboratory skills; 

c) a competent knowledge of specific techniques; 

d) an ability to communicate both ideas and information to other workers, 

whether at the same or different levels of responsibility. 

These are not separate attainments and they cannot successfully be 

acquired in isolation one from another. Without science and mathematics 

there can be not true mastery of technique and without an insight into the 

difficulties facing the craftsman in handling tools and materials, or of the 

technologist in handling men and ideas, there can be no real understanding on 
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the part of the technician of his role or his significance in the industry 

in whi cll he serves". This whole passage has been quoted from Young 

because the author feels that it offers a good description of how the 

technician fits into the industrial scene, and also the important role which 

mathematics play s in the education of a technician. 

The Council for SCientific Policy report "Enquiry into the now of 

candidates in Science and Technology into Higher Education" [)2J. 

published in 1968, contains a section entitled "Mathematics". This 

section although mainly concerned with the secondary school and sixth 

form mathematics does contain some comments and a recommendation which 

are perhaps just as relevant to the teaching of mathematics in further 

education, as to sixth form pupils at school. The report says that all 

pupils (except in exceptional circumstances) should study mathematics until 

they leave school, for although many study the subject to '0' level and 

even obtain a pass grade, many then drop the subject altogether in the sixth 

·form. The report goes on to say that this can often cause difficulty 

in later studies and that although progress is being made in remedying these 

shortcomings, it would be better if they did not happen at all. The 

committee then say in regard to the curriculum for such a course:- "The 

content of curriculum is beyond the scope of the enquiry; but we distinquish 

some characteristics of mathematical achievement in relation to future 

employment:-

i) Mathematics as a means of communicating quantifiable ideas and 

in forma tion. 

ii) Mathematics as a training for discipline of thorough and logical reasl'ning. 

iii) Mathematics as a tool in activities arising from the developing needs 

of engineering, technology, science, organisation, economics, sociology, etc. 

!he growth of numerical analysis and electronic computation is a powerful 

example. 



iv) Mathematics as a study in itself, where development of ne'. tec~~"lic;,ue3 

and conc'?pts ca.'"l have eceoncmic C()T~i3e::'t:.er .. c ~_e8 akin to those flov/ing 

from scientific research and develorment". Comparing these 

characteristics outlined with the attributes of a good tec~~ician given 

earlier, one can see ''''hy mathematics plays such an important part in 

~:he recommendation of tr..e r~'Port iF.:-

"We therefore recommend that normally all pupils should study mathematics 

until they leave school; and that the teaching of mathematics should 

concern itself not only with training for discipline of thought and for 

logical reasoning, but also .with showing the effect of associating 

mathematical thinking with one or more of the experimental or engineering 

sciences, with economics, or with other studies". This was aimed mainly 

at the sixth form pupil who takes an "arts" course, but the recommendation 

is just as valid for those students who attend further education colleges 

instead of staying at school. The nature of this mathematical education 

should not be just a continuation of the secondary.school curriculum 

(11-16 years), or a repeat of some of it, but should attempt to show the 

students the role mathematics has taken in building our modern 

technological society. The report does in fact suggest that this 

objective could perhaps be better achieved with closer liason and 

co-operation between schools, technical colleges and universities. 

The report that was, however, to have the biggest impact on 

technical education waS the National Advisory Council on Education for 

Industry and Commerce's - "Report of the Committee on Technician Courses 

and Examinations" (IS] The report was published in 1969, and is often 



referred to as the Haslegrave report, for D:r~ H.L.1,Haslegrave was the 

Chairman of the committee. Although technician courses had been reviewed 

and changes made following the 1961 White Pape:r, it was generally felt 

that technician courses needed massive reshaping. This WaS Particularly 

so in the field of mathematics, where as previously mentioned considerable 

changes were being made in man~ secondary school mathematics syllabuses, 

as well as the tremendous technological changes that were occurring, many 

as a result of the American and Russian space programmes. 

The scope of the enquiry WaS to look at National technician courses and 

examinations (e.g. those leading to technic~Qp and comparable certificates 

of the City and Guilds of London Institutes, or the six Regional Examining 

Bodies, or to ordinary and higher national certificates or diplomas) and to 

make recommendations for a broad pattern of courses at national and regional 

level, and for the machinery to administer them. The report in fact says on 

page 1 "For example, we made no attempt to review individual City and Guilds 

or national certificate schemes, but we considered what the place of these 

and other schemes should be in an up to date and forward looking system of 

education for technicians, and whether there should be broad changes in such 

respects as course entry standards, duration and administration". 

The report, therefore, does not deal with course content, although it 

WaS this, along with assessment, and,teachlng methods which were the 

concern at this time of many college lecturers. The main recommendation 

to come from the report was that the D.E.S. should establish two councils, 

the "Technician Education Council (T.E.C.) and the Bus:iness Education 

Council (B.E.C.), and that these councils should assume policy and planning 

responsibility for examinations and qualifications in the whole of the 

technicians, bUSiness and office studies field at present covered by the 

joint committee, C.G.L.I, R.E.B's R.S.A. etc. There are also several 

general recommendations and statements as to the roles of the T.E.C. and 
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B.E.C. and what their policy should be to student assessment, duration of 

courses, general studies content of future courses and on the transition of 

school to further education. 

The Technician and Business Zducation Councils were set up by the 

D.E.S. in 1973, (following the recommendations made in the,TIlaslegrave report 

of 1969 and outlines above) and T.E.C. issued its first policy statement 

in June 1974. This outlined plan')s for establishing a certificate programme 

in the United Kingdom which would replace the awards which have been available 

for technicians in training in the past. The first college programmes 

leading to T.E.C. awaros were started in 1976 and the number of colleges 

offerring T.E.C. programmes has expanded rapidly since. The term 

"programme" is used to indicate a body of knowledge leading to an award. 

The programmes are unit based, the unit being 60 to 75 hours of work for 

the 'average' student. There are four T.E.C. awards, these are the 

Certificate, Diploma, Higher Certificate and Higher Diploma which require 

15,25,10 and 20 units respectively. The required units are at various 

levels (the levels are based roughly on the academic or skill level of the 

unit content), for example, a certificate must have at least two level III 

units and no more than seven level I units. 

The T.E.C. is divided into three sector committeer. Engineering, 

Construction, Science and related industries. These sector committees control 

the programme committees which can call on specialist validating committees 

(e.g. Mathematics and Statistics, Computing Physics etc.) when they are 
I 

considering college programmes for T.E.C. appro,val (i.e. the students 

will obtain a T.E.C. qualification on the successful completion of the 

course). The programme submit ted by", college (or group" 0 f colleges) is 

designed with the needs of local industry in mind, and often with advice and 

assistance from local industry. The programme can be made up of standard 

units (these are deVised by the Specialist validating committees) 



or units devised by the college to fulfill a special need. In 

mathematics T.E.C. have produced an objective bank (If.~ which can 

be used by colleges when writ;ing college devised units. 

The T.E.C. mathematics unit which is probably in most common use 

is the standard Level I unit, No U75/005, which is shown in Appendix No 

CA new level I standard unit has just been ~ssued by the r:-.E~C~ uf,O/6B3 

This unit together with a general overview of T.E.C. mathematics are 

10 

contained in hlo contributions by T. Easingwood in a Coombe Lodge report 

[/3J. In the first of these articles entitled "Technician Education", 

Easingwood looks at the formation of the T.E.C., some of the terminoloGY 
I 

and features of ~.E.C. schemes. Hnd then at the r.1atr~eIiD,ticg content of 

T.E.C. progra:;rmee, and finally the difficulties that face many students in 

the transition from school to college. 

In the first article Fasingwood says that the mathematics content of 

) 

technicians courses about twenty years ago was very similar, but in the last 

twenty years, the Joint Committees (responsible for the'National 

Certificate' courses) due to the diversification of courses, issued' guide 

syllabuses' (see Appendix No. 4), and then still left ccne idero;ble 

flexibility to individ\!i!.l colleges. As Easinz:wood says- "The result is 

that therel 'is now an enormouse range of mathematics syllabuses in use with 

countless overlapping topics both for similar groups of technicians in 

different colleges and for different groups of technicians within any one 

college". There has been over the past few years a desire to rationalise 

the mathematics syllabuses and to identify a core of mathematics which 

would be used across a large number of T.E.C. programmes. Easingwood goes 
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on to say "At level I, howevel) all standard programmes contain the 

l,evel I standard unit. So to that (:xtent a "core'! ho.._, ~.::ea::1. c1.'?.fir.o3!1. 

The level I syllabus is what would be described by most secondary 

school mathematics teachers as a very 'tr:~diti'""Ir..al' Gyl;_<)b~J.3. this has 

been brought ab"ut by the needs of industry. Easingwood comments _It 

There are numerous difficulties of transi tioll from school to college. ~e 

emr1l<:1siS in the T.E.C. progran:mes is their vGCatiCl}t:ll relevance. Hany 

of the "modern" topics included within school curricula such as set theory, 

topology, algebraic structure etc, are felt to be largely irrelevant to ~he 

vocational needs of technicians. Ha.ny technicians are involved with 
, 

routine calculations involving such topics a.s arithmetic, gra"hs, Birr.rle 

algebraic formulae, working with two and three dimensional shapes, 

measurement of angles, use of statistical data". (These topics are reflected 

This pro~ess of trying to identify a common 'core' of mathematics is 

going on also within secondary schools to identify a core '0' level • 

'A' level and C.S.E. syllabuses~ The common 16+ examination under 

investigation is also likely to put even more pressure' on the examining 

boards to find a core syllabus. Secondary school mathematics syllabuses 

cannot obviously be written with technician education solely in mind, but as 

a large proportion of scho"l leavers go on to technician ccurses in 

further education F..asin: wood says:- "However industry and the nation has a 

right to expect that students should be able to progress from school to 

technician education and training as smoothly as possible". 

The transition from school to college is also mentioned in an article 

by J. Hearse entitled "The transition from school to college and curriculum 

development". D~J J. Hearse is Executive Director of the Schools 

Mathematics Project, and in the article does say that S.H.P. was originally 



an '0' level course and began in schools which had a long tradition of 

sending pupils to university, and that as such little consult3tion 
Further Education 

had been undertaken with ~j\ Hearse says that S.H.P. hopes to remedy this 

in a special C.S.E. course, and in future if a common 15+ examination is 

introduced this should b.e developed in consultation with universities, F.E. 

colleges, industry and other interested parties. Mr. Hearse at the end of 

his articles says - "School mathematics should provide a sound basis for 

further learning both when the pupil leaves school and in later re-training, 

F.E. should expect a positive attitude to mathematics. This is crucial. 

The pioneers of S.H.P. hoped that pupils wouli become keener on maths, enjoy 
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it more and that pupils would be encouraged to take the study of it further". 

Mathematics is too important a subject for students to develop a negative 

attitude towards it at school, which may well effect their future 

performance in F.E. and as citizens in a technological] society. 

As well as the two articles by T. Easingwood. the Coombe Lodge report 

[/~Jalso refers to the role of mathematics within B.E.C. courses in an article 

by Miss D. Garrard entitled "B.E.C. - The present position", Miss Garrard 

as a member of B.E.C. says that one of the core modules common to all B.E.C. 

courses is "Business Calculations"[31l1te aim of this module is to give 

"student '3 basic numerate ability and also to encourage them to use this 

ability in the solution of business problems", The B.E.C. has put the 

emphasis in these modules on student centred learning and particularly on 

assignments used both as a teaching vehicle and as part of the assessment. 



75 

Miss Garrard feels that this may cause more problems for mathematics 

teachers .. than is experienced in some of the other B.E.C. modules. B.E.C. 

are collecting examples of assignments from colleges so that they can 

publish a set of sample assignments, not just; in numeracybut for all aspects 

of a B.E.C. course. 

The assessment technique used for the B.E.C. module "Business 

Calculations" is by assignments (about 5 or 6) on various learning 

objectives of the module, cross-modular assignments (about 2 or 3) which 

test the studenes ability to apply the techniques he has been taught in 
I 

Business Calculations to the other areas of study, and by a final 

examination. The examination paper is externally set and marked by B.E.C. 

The paper is in two sections, the first part test~· the students ability 

to perform routine calculations. (This is composed of shor\ questions and 

takes about 40 minutes~ The second part of the paper consists of longer 

questions (assignment type questions) of which the student has to answer 

two questions. (This takes about 50 minutes) Concern has been expressed 

by some colleges about the assignment mode of assessment. Miss Garrard says, 

however, "This sort of work has been done in many colleges for some time. 

Perhaps the fact that we call them assignments leads some lecture~ to think 

we're talking about something entirely new. But our definition of 

assignment is simply this:- WAny given activity directed towards the 

" achievement of an objective. Tkis covers case studies, project work, 

and many other student centred activities that are currently used in many 

colleges If. 
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In another article in the same Coombe Lodge report (13) entitled 

"T.E.C. - The presenf position" Trevor Easin.,wood reviews the nature and 

role of mathematics within T.E.C. Programmes. The T.E.C. programme 

committe~attitude to mathematics is that itS; role in technician education 

is functional. Easingwood says that most programme committees feel that 

too much mathematics has been taught in the past, and that T.E.C. philosophy 

"says that material included at Certificate level should be relevant to a 

technician working only at that level". This as Easingwood points out can 

cause problems to students who see a T.E.C. programme as a route to a Universit 

or Polytechnic degree course, which demand success in Level III MathematiCS. 

Easinl;wood says:- "However, there is no reason why Diploma courses should 

not cater for this market as Mathematics III can be incorporated within the 

additional units for a Diploma". (ThiS is the solution which has been 

adopted at the authors college, where a T.E.C. Diploma course was started 

for the academic year 81/82) 

Having outlined the general philosophy behind T.E.C. programmes, 

EasinL;wood then discusses what he sees as the current problems facing 

those teaching mathematics within T.E.C. programmes. He then discusses 

five topics:- a) transition from school to college, b) ability of students 

at entr~ c) assessment,d) time allocation for a unit, e) too many or too 

few units? On the first of these points Easingwood says "School 

mathematics must fit into a rounded educational experience, which 

provides a balance between academic, developmentali and recreational 

activities. T.E.C. is obviOUSly much more concerned with vocational 

relevance. It is providing vocationally directed programmes aimed at 

identifiable groups working in industry. The material selected is 

therefore included for definable vocational reasons". 



With regard to Easingwood1s second point, the usual pre-requisite 

for entry to a T.E.C. certificate course is an '0' level pass or a 

C.S.E. pass,of grade 3 or above, in five subjects, two of which must be 

English and Mathematics, the other subjects are dependent upon the 

students chosen course. (There is however considerable discretion 

allowed to individual colleges~ Easingwood is, however, more concerned 

about the variety and the rapid changes that have taken place in school 

mathematics syllabuses:- "In 197~certain assumptions were made about 
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the mathematical knowledge of students at entry. But school syllabuses have 
, 

been changing very rapidly. Are these assumptions correct today? Of 

course the answer is no". Research by Manchester POlyteChnic~J and eleven 

colleges in the Manchester area found:-

Good response in the following areas:-

Fractions and decimals 

Linear Equations 

Work involving angles 

Frequency counting 

Location of co-ordinates 

Poor response in the following areas:-

Algebraic manipUlation 

(!) 1975 waS when the standard level I Mathematics unit U75!OO5 was 

devised by the specialist validating committee. 
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straight line graphs 

Indices 

Four-figure tables and significant figures 

Pythagoras 

Properties of circle and circular measure 

Trigonometric ratios 

statistical ideas. 

This may not, 'however, represent the country wide picture,. It is 

therefore better not to automatically give exemption to Level I units 

for '0' level or C.S.E. Grade 1 passes, due to the considerable variation 

that exists between school syllabuses even in the same locality. (This is 

the policy adopted at the authors college where no exemptions are granted to 

Level 1 units.) 

• Assessment, the third of Easingwoods point~ has probably generated 

more debate in colleges than any of: the other aspects of the new T.E.C. 

programmes. The main assessment used in T.E.C. programmes is that of 

continuous assessment by phase tests. The phase tests are designed to cover 

a certain part of the unit, and the student should obtain a mark of at 

least 40% in any individual phase test, and an overall mark of 50% to pass 

that particular unit. An end of session examination on the contents of the 

whole unit ha3 to be given for level III (and above) units. (ThiS usually 

contributes about 30% towards the final mark for that unit.) The prob1&ms 

are highlighted by Easingwood:- "There are all sorts of problems related 

to assessment. What do you do about students who fail phase tests? 



How are students to be re-testsed? What time do we have available for 

remedial work and re-testing?" He also has strong vie .. s on the need for a 

final examination particularly in mathematics "It' view is that it is 

essential in mathematics to have some form of final examination. A 

system in which we simply examine in small chunks is not, in istelf, 

sufficient to test the learning process in mathematics". He does f however, 

conceed that "One- can argue that retention of kn<1Wledge will be tested 

in other subjects in which mathematics is used subsequently". 

The final two points are linked by the fact that given a maximum 
, 

number Df hours a full-time student can work in an academic year, and if 

he is to complete 15 units to obtain a T.E.C. certificate,for exampl~ the 

unit length can only vary by a certain amount. So if the unit length 

is to be considerably increased then T.E.C. would have to reduce the units 

total required for a certificate. Thus the unit length and number of units 

required has to be a compromise in order to obtain a viable 1 year full-

time certificate course, in which the student is neither over nor under 

worked. Easingwood says "l believe we have to strike a balance of having 

a limited number of units whilst maintaining vocational relevance". 

Easingwood finishes his article by saying that the T.E.C. standard units 

(or even college devised units) are not intended to be used as teaching 

schemes, the unit in fact specifies the expected learning outcome. It is} 

Easingwood says, up to the individual tutor to present his material in 

such a way that the desired learning outcomes are achieved. He concludes 

by saying:- "I have written T.E.C. U75/005 in conventional syllabus form 

(see Appendix No 11 page 15/ ) Would you expect a Significantly different 

learning outcome if you worked from this syllabus rather than the 

objectives? 1 doubt it!" 
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Although many T.E.C. courses are full-time, this still means a 

considerable number of school leavers go straight to industry, usually 

to some form of apprenticeship and attend college on a part time or block

release basis. A joint Education Committee of the Royal Society and 

the Council of Engineering Institutions headed by Professor A.C.Bajpai 

produced a report outUned"Report of the working party on school 

mathematics in relation to craft and technician apprenticeships in the 

engineering industry". Dse] The report is principally concerned with 

the claim by industry that there are shortcomings in t!,e mathematical 

standards of school leavers entering the craft and technician industries. 

The report firstly comments that many companies still use outdated 

mathematics tests (20+ years old), and the committee disputed the 

relevance and validity of many of these, and suggest that',- "If 

predictors of future ability are required, then non-verbal reasoning 

tests are probably more effect,ive than mathematics tests". The 

majority of tests used by industry are not available to secondary 

mathematics teachers, and are thus not set in co-operation with schools, 

unlike a scheme such as the M.E.I. SLAPONS[22J( Mathematics in 

Education and Industry 16+ School Leavers Attainment Profile of 

Numerical Skills). The"SLAPONS'~ests are administered at school, and each 

school leaver then has a profile, indicating his competence at various 

mathematical skills which the employer can match to the profile of the 

particular job he is recruiting for. 

The main criticism from industry is of the lack of competence of 

apprentices in manipulative skills in arithmetic and algebra. This the 

report says may well be due to the following-
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a) an acute shortage of able mathematics teachers in school 

b) teachers are often not awa.re of the induE trio.I c-rplic<1[.ion:3 0: niutternatics 

c) if teachers were aware of industrial applications this may well provide 

motivation to the pupils who "often lose interest in mathematics 

because they find it difficult when it is not taught in a context of 

'real life' situations" 

d) there is still insufficient communication bet'Neen schools and industry. 

The report concludes with some recommendations as to how the 

shortcomings listed above can be resolved. These are contained in 

paragraphs 40 - 45 of the report. The main recommendation is that the 

large number of teachers who have not received a 'formal' training in 

teaching mathematics should be given adequate in-service training _ but this 

would require a considerable investment as well as just the will to do it. 

The report. is ,primarily concerned with secondary school 

mathematics,. but, many of the observations are of relevance to further 

education and should be born in mind by·college staff responsible for 

designing T.E.C. and B.E.C. programmes. 

T.E.C. and B.E.C. have hoth had, and are still at present having,a 

considerable impact on mathematical education within further education. New 

T.E.C. standard units for Levels I, II and HI were produced in 1980 Orb] 

and will in the near future be replacing the U75 and U76 series of units ~] 

All aspects of the education process have come under the scrutiny of college 

mathematics staff - assessment, teaching methods - team teaching _ C.A.L., 

tutorials, etc. student intake, deVising their own units to suit specialist 

T.E.C. programmes and other skills which many lecturers have been able to 

enhance along with their colleagues while developing and implementing T.E.C. 

and B.E.C. programmes. These changes look set to continue well into the 

1980's, for the micro-electronics revolution is, despite the world 



eceonomic rescession)beginning to gather what appears to be an 

unstoppable momentum. The technician looks set to play an important 

part in the future development and prosperity of this country, if we can 

properly train adequate numbers. The possible future developments 

within further education are discussed in the final chapter of this 

dissertation. 



CHAPTER 3 The Present Position 

3.1 Introduction 

To analyse the present position with regard to the nature and 

role of mathematics in further education, the author conducted a small surve, 

of the mathematics provision in eleven local colleges, and'one college 

specializing in training agricultural engineering technicians. 

The survey was done by means of a questionnaire (Appendix No 12 pages 154--

156). From the sixty questionnaires distributed, thirty'six were 

retwnecI_ <,'a 60% response~ The following are the results obtained from 

the various questions, the data has been analysed where possible, 

and the authors comments added where appropriate. 

The results of the survey. 

Grades Lecturer Grade I 

Lecturer Grade 11 

Senior Lecturers 

15 

16 

5 

(No completed questionaires'were'obtained from staff above the senior 

lecturer grade - there are, however, very few Principal lecturer 

posts in most colleges of further, or technical education). 

1 Departments 

Agricultural Engineering 

Building 

Business Studies 

Electrical Engineering 

<J) Refers to number of question on questionnaire. 

2 

1 

5 

1 



\ 

Engineering 

Engineering Technology 

5 

3 

General Education (Maths Section) '2 

Knitted Textiles and Footwear 1 

Mechanic~land Production Engineering 3 

Science (Mathematics Section) 

Science and Computing 

Science and Mathematics 

5 

2 

6 

The departments do, however, seem to fall into two main groups _ 

Engineering, and Mathematics ~ections within Science, or General 

Education Departments. 

Engineering 14 

M~thematics Section (Science or 

General Education Department) 15 

Business Studies 5 

Building 1 

Knitted Textiles and Footwear 1 

2. Qualifications 

It is difficult to get a full picture as the qualificaticns vary 

considerably with some returns not listing any at all, to others listing 

for example two degrees, and some a degree and higher degree(s). The 

number of lecturers with teachers certificates should, however, be correct. 

(It could be lower due to omissions but it is unlikely to be very 

inaccurat~) There also seems to be no correlation between academic 



qualifications and lecturing grade. 

The following gives some indication as to the considerable variation 

of qualification that exist in staff lecturing in mathematics at further 

and technical colleges. 

Higher Degrees M.Sc. Ph.I;). 

Post Graduate Certificate in Education 

Degree in Maths or Mathematical Education 

Degree in Engineering 

Degree in other subjects 

L.L.B. 

B. Ed. 

HNC!D 

T.Eng.(C.E.I. ) 

C.G.L.r.(Pull Technicians Certificate) 

O.N.C. 

C.G.L. I. (Other Qualifications) 

6 

15 

13 

6 

3 

1 

1 

9 

1 

1 

1 

1 

The figure for teachers certificates (including B.Ed.) represents 

about 45% of the returned questionnaires. The number of lecturers with 

a degree in J.1athematics or, Mathematical Education is 36% of the 

returned questionnaires, most of the 36% were lecturers who taught in a 

mathematics section of a Science or General Education department. 

3. Industrial Experience 

This again varied considerably from none (or vacation jobs _ usually 

while students, which were listed by some lecturers) to a maximum of 

15 years working in industry. 
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4. Educational Experience 

Educational, experience again varied very considerably from one 

lecturer who had only had two years in his present job, to another with 

thirty four years of experience in various forms of education. 

5. In-Service Training 

16 lecturers did not complete this section or entered none. 

3 lecturers had been on, or were on)the M.S~. course in 

Mathematical Education at Loughborough University of Technology. 

1 lecturer had done an M.Sc. in modern electronics (as a benefit to 

computer science). 
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6 lecturers had undertaken Open University Degree courses, or parts of 

them relevant to mathematics e.g. Mathematics Foundation course, Statistics 

Computing and Education. 

1 lecturer had taken a part-time B.Sc. at Coventry Polytechnic. 

5 lecturers had taken polytechnic courses in Numerical Analysis and/or 

computing. 

other in-service training included Short-courses (mainly at 

polytechnics),D.E.S. short courses and Seminars, and Induction courses 
-

(laid on by some colleges for new staff, usually those with no previous 

teaching experinece in Further Education). 

The numbers refer to the numbers of lecturers attending that particular 

form of in-service training within the five year period specified by the 

questionnaire. SOme lecturers did, however, undertake more than one form of 

in.serv,ice training within the five year period. 



6. Number of Hours of Mathematics taught per 14eek 

Hours/week Number 

0 - 4 4 

~- 8 4 

8~ - 12 4 

12~- 16 7 

16~- 20 10 

2~- 24 7 

(The figures include 3 lecturers who listed their teaching hours as 

follows:-

17t + 3-2: Computer Science taken as 2o! 

11 + 6 Computer Science taken as 17 

4 + 11 Computer Science taken as 15 

Also one lecturer, who put down 0 hours although he had a degree in 

Mathematics. The author can only conclude that this was either a mistake 

or due to timetabling requirements he has for this year been called upon 

to teach other subjects~ 

7. 

Mathematics was taught as a complete subject in the departments of 21 
i. colleges. 

~ 

of the, lecturers /. The nature of this mathematics being G.C.E. '0' and 

'A' level. There "as a considerable '<urie ty of lA' level aa then", tics 

nvailable:- e.g. PIlre, Applied, Pure and Applied, Pure and Statistics, 

Mathematics, Further Mathematics etc. 
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8. This question provided a very large number of answers, the' majority! 

of which were mathematics units for T.E.C. Certificate or Diploma 

Courses. The answers are claSSified approximately:',} terms of academic 

level. 

a) H.N.C. (Supplementary Subjects) 

Mathematics H2 (Internal Syllabus) 

Computing MethodJCD(Internal Syllabus) 

b) T.E.C. Higher Certificate and Higher Diplcmain Electrical and 

Electronics Engineering -

Mathematics III U80/713 

Mathematics D IU (C.D.U.) 

Mathematics A IV (C.D.U.) 

Mathematics B IV (C.D.U.) 

Mathematics V (C.D.U. ) 

OR 

Mathematics BIII 

Mathematics CIn 

Mathematics A IV 

MathematiCS B IV 

MMthematics V 

c) T.E.C. Higher Certificate in Mechnical Engineering 

Calculus IV 

. Computing Maths IV 

Advanced Statistics V 

Advanced Mathematics V 

Systems Mathematics V 

~ This is mathematics not computing - comment by Lecturer on 

questionnaire. 



d) T.E.C. Diploma Courses - Agricultural Engineering Science 

Laboratory Technicians. 

Mathematics I 

Mathematics 11 B, 11 C u80/683 

Mathematics III 

e) T.E.C. Certificate courses. 

Various Units from:-

Medical Laboratory Science 

Mechanical and Electrical 

",clluical Engineering 

.Textiles 

Electrical Engineering 

Electronics 

Science Dyers/Chemistry 

General Engineering 

Mathematics I 075/005 u80/683 

Mathematics II u80/691 

u80/712 

u80/692 

Mathematics II B U76/031 

Mathematics II C 076/032 

I'.athematics III 

Calculus III u80/689 

Algebra III u80/690 

Statistics III u80/688 
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Also included were many College Devised Units (C.D.U.) 

f) B.E.C. National Course. 

Numeracy and Accounting I (C. and G. 747) 

g) College Certificate in Computing -(Related Mathematics and Statistics) 

h) E.M.EU. C.F.E. (Fre-Nursing and Caring Services) 

- Mathematics for Everyday life. 

i) Basic Science and TechnologY!',(rntegr',,:l syllauus.) 

The variety of units listed above gives an indication as to the 

large variety. in terms of academic level., and usage. to which 

mathematics is put in further education. 

9. The question was answered as follows:_ 

YES 

NO 

Not answered 

15 

16 

5 

The courses in which Mathematics was taught in an "integrated" mode 

are as follows:-

a) Mechanical Craft Studies 

b) Basic Engineering Craft certificate (E.C.S. 200) 

c) Motor Vehicle Craft studies. 

d) C. and G. trade courses - Science and Technology. 

Craft Studies C.F.E. \Integrated with 

le) Science and Engineering Drawing' 

f) City and Guilds 747 (Computer Studies Course) 



3) Accounting - B.E.C~ Numeracy and Accounting 

I~ Pre-Professional Courses basically part of T.E.C. course, hence 

subjects are Engineering Science, Workshop Theory and Practice, Drawing, 

Engineering Technology. 
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The followingcommenta were also included on completed questionnaires:-

a) Yes - mathematics is supposed to be taught as an integrated subject 

for all of our courses Cl.ecturer i~ a Mechanical and Production Engineering 

Department) 

b) There should bel (Bernstein) (Lecturer in an Agricultural 

Engineering College~ 

c) What do you mean? (Lecturer in a Science and Mathematics Departmenh) 

d) Do not undertand the implications of the question. (Lecturer in 

Science Computing Department~ 

It appears that in most "craft" courses the students are not 'actually: 

timetabled for mathematics, it is integrated with other subjects, so that 

the mathematics required for a given topic is dealt with when that topic 

arises. 

Thus the mathematics is very unlikely to be taught by mathematicians, 

but by the tutor who is a specialist in the subject area with which the 

matnematics is integrated. It is also perhaps deliberate policy to 

avoid using "mathematics" on the time-table for many of the students on 

craft~courses as they will probably have a dislike of the subject from their 

school days. 



9 ') .. 

10. Specialist Tool 

To assist other subjects 

Both boxes ticked 

9 

19 

8 

(Specialist tool - 17 To assist other subjects - 27) 

Comments:-

a) Theoretically: - to assist other subjects 

b) Both! 

c) Can be both. 

d) Depends on the students. vsua11y for qualification (0 level) and for 

assisting in Physics' (A level) jEngineering.! It is how!3ver regarded as a 

specialist subject, but very few students go on to read mathematics. 

11. Yes 8 

No 18 

Not answered 7 

Not applicable 2 

Void 1 

Comments:-

a) Must maintain close contact with departments it is servicing. 

b) Already in a Mathematics section (The replies listed above as 

"Not. Applicable'" 

c) College too small. 

d) i) Non-specialists are useful as they know more about the applications 

(e.g. Mathematics in Engineering, T.E.C. etc.) 

ii) Unfortunately most non-specialists are not happy with mathematics 

and cannot teach it properly (e.g. Calculations in B.E.C.) !hey can consider 

it as not important and some ~re frightened of mathematics. 



e) Not important - although probably better in a large college. 

f) Already in a SCience and Mathematics Department. 

g) I am not in a MathematiCs Department - but the college has one. 

The lecturers who felt it would be beneficial to have a separate 

mathemati~s department were mostly those who taught a lot of mathematics 

as a separate subject (i.e. '0' or 'A' level mathematics.), "hilst:·, those 

who were already in Engineering or similar departments teaching 

mathematics "units" as part of T.E.C. or equivalent qualifications wanted 

the "status quo" to remain. 

There is, however, no reason why within a Mathematics Departmen~ 
I 

there could not be lecturers who were initially trained as say Engineers, 

but who by means of in-service training are qualified mathematics 

lecturers. Thus the lecturer is not only a specialist mathematics 

teacher but can draw on his previous engineering (or business) experience 

when he is teaching students who need mathematics as a "tool" to assist 

them in the study of their pther subjects. 

12. YES 26 

NO 8 

Not Answered 2 

Comments:-

a) What revolution? 
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b) A more general return to basic mathematics - to ensure basic numeracy 

and competence in algebra. 

c) perhaps more creative work on the use of calculators. 

d) Would like to see continuation of "Modern Maths" topics. 
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e) Programming and use of computers on most courses except those for low 

ability students ego R.S.A. arithmetic. 

f) Use of computers in Mathematics, Design and Manufacture. 

g) More logic algebra. I regard this as essential, but there are many interestin~ 

alternatives. 

h) More towards applications, numerical analYsis, operations research, 

(as mathematics in computer science 'A' level) 

i) Introduction to Computer Science. 

j) Statistics 

k) More numerical analysis and computer programming 

1) Transportation (:J.R.) 

m) We hope that our current syllabuses have covered for this (T.E.C. 

and O.N.D.) 

n) Covered well by T.E.C. units • 

0) Numerical Analysis - simple algorithms - Newtons' Method. 

This question did raise a lot of comments, and shows that many 

lecturers are aware and concerned at the developments in micro-electronics. 

The inclusion of simple numerical analYSis into say the T.E.C •. level 11 unit 

,nd above would go some way in the dire~tion many lecturers feel 

mathematics in further education should be going to meet the needs of the 

future. Alternatively a separate half-unit similar to "The use of Computers" 

(U76/ ~20) could be devised to intrdduce students to numerical analysis, 

operations research techniques and logic algebra. 



13. \,orksheets 29 

Chalk and Talk 36 

Team Teaching 7 

Computer Assisted Learning (C.A.L.) 8 

Text Book 31 

Others Programmed texts 1 

Slide/tape packages 1 

Comments:-

a) Text book - only as a source of examples - and for interested students 

as a back up for formal notes. 

b) Text-books for giving assistance to less able students. 

c) Chalk and talk + O.H.P. (included in 2 questionnaires) 

The questionnaire shows that Chalk and Talk, worksheets and 

textbooks are the three mostly commonly used teaching methods or aids. 

Resources and lecturer time do, however, mean that alternative teaching 

methods often cannot be developed, even if there is a willingness on the 

part of the staff to develop them. 

14. Continuous Assessment 7 

End of Session Examination 1 

Both 27 

Not Answered 1 

Comments:-

a) Phase test and end of unij; examination. 

b) Progressive assessment. 

c) End of session examination - But relatively short not the 3 hour 

all or nothing examination. 



15.1 

Comments:-

YES 

NO 

Not Answered 

a) Yes - limited 

15.2 YES 

NO 

Not Answered 

Comments:-

8 

27 

1 

22 

~. 

6 

a) Programming a room for mathematics in our department (Hechanical 

and Production Engineering) would not be practical'. 

b) No answer given - Levels are too varied to make such specialist 

mathematics rooms really relevant, 

c) Yes - but only for classes involved in basic numeracy etc. 

Although only eight lecturers had access to a specialist mathematice

room the second part of the question indicates thatQbout 60% of the 

lecturers who completed the questionnaire thought that a specialist 

mathematics room would be of benefit to them and their students. 

16. General Comments:-

a) ,[orkshop idea as per "Bradforc/CollGge" could have a lot to offer and 

benefit the wide ability ranges within courses, ",ve have pre-assessments 

using "SLAPONS" and attempt to provide for the identified needs of the 

students, 

b) Up dating should be supplied on In-Service basis si~ilar to short 

courses taken at Lecicester Polytechnic with more emphasis on the teaching 

than the learning aspect; 

c) Abyssmal number of qualified teachers of mathematics. "~uality of 

9{) 
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teachers of mathematics. Lack of suitably qualified staff in areas such 

as Applied Mathematics, Computer Science, Statistics..ihat have you 

defined as mathematics? Are statistics included? Are computer studies 

included? Are basic numeracy classes included? 

d) Mathematics is a discipline in its own right and should where possible 

be taught by "mathematicians" who agree with this idea. Just because 

teachers may be able to "do" mathematics do s not mean that they can teach 

the subject. 

e) Role of calculators for non-mathematicians. SpeCialists are required 

for '0' level. 

f) More numerical analysis and computer programming. 

g) Use of calculators should be accepted practice throughout all 

syllabuses. Should comprehensive., formulae she~ts be allowed in examinations? I 

h) There seems to be a feeling th~t if you have ear an '0' level 

mathematics - then you can teach '0' level mathematics - not regarded 

enough as a specialist subject. 

i) Thank you for giving ~p your time - not at all - but you would learn 

far more by spending a week or so I<i th us! 

3.3 Conclusions. 

The surve7 does show the tremendous range of mathematics taught 

within further education, ranging from basic numeracy to the mathematics 

on H.N.C. courses. This range is also reflected in the qualifications of 

the staff.-~lso shown is a willingness by many lecturers who are not 

formally qualified in mathematical education to take some form of in-

service training to improve their mathematics teaching. The percentage 

of lecturers with "teachers certificates" has also increased considerably 

from the numbers quoted from gov'rnment reports earlier in this 
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dissertation. The results of the questi~nnaire show a considerable 

willingness on the part of many staff to undertake in-service training 

despite little or no encouragment from L.E.A's. 

The exact role of mathematics within further education, as seeD 

by those who teach it,seems to be divided between one quarter who see 

it as a specialist subject in its own right, a half who see it's role as 

assisting other subjects, and one'quarter who see it's role as both of 

these. The quarter who saw mathematics as a specialist subject were 
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in fact mostly those who taught '0' or 'A' level mathematics, and although 

few students from further education go on to read mathematics at 

University, it is seen as a possibility by their tutors. 

The influence of calculators and micro-computers will be discussed 

in the next chapter of this dissertation, along with the Bradford College 

mathematics workshop. The question of suitably qualified mathematics 

staff teaching within further education is one which concerned several 

lecturers. Although it was mentioned earlier that many staff were 

engaged, or had been engaged in some form of in-service training, it 

seems that more should be done to improve mathematics teaching in the 

future. The final comment that I should have gone and spent a week 

or so with one of the lectur.rs and his colleagues waS a very good idea. 

if it was possible it would enable ideas to be transmitted from college 

to college, and would be of considerable benefit to the partiCipating 

staff. 



CHAPTER 4. FUTURE DEVELOPMENTS 

The advent of the micro-processor (the chip) is probably the most 

significant change that has occured in education, and mathematical 

education in particular. The introduction of the electronic calculator 

into the classroom has changed the way in which mathematics is taught, 

for the 'irtual removal of the arithmetic operations haS released 

student time which can be spent on teaching principles, . This is of 

particular benefit in statistics, for example, where there is a 

considerable arithmetical content,in say, finding the mean and standard 

deviation, The use of the calculator does not mean, 

however, that students will not need to be taught, or to learn, any 

arithmetic. lrhe calculator is merely a tool, and like any tool is useless 

in unskilled hands. 

A study entitled "Electronic Calculators in Further Education" by 

P.H. Coward (IIJ lists the results of a study into the use of calculators, 

at Doncaster College of Technology. The test used consis'ted of forty 

arithmetic calculations, many from engineering sources, but some from 

other so\U'ces such as business. The report says "It is emphasised, 
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howeve~ that no item required anything of the student other than arithmetic 

manipulation". The test, in order to obtain a control group was given 

to the same set of students tWice, firstly without a calculator, and then 

using the same test, with a calculator a week later. Although the groups 

would not be statistically independent, Coward thought that most students 

would be unable to memorize forty arithmetic examples for a week, having 

only worked through them once under test conditions. The saml'l", 

comprised of "414 students attending courses in numerate disciplines at 

Doncaster College of Technology, including school children taking Link 

courses and part-time students on National Certificate, Technician and 

Craft Courses. It is assumed that these are generally typical of the 



student population of the country as a whole". 

Approximately one hour was allowed for the pre-test, then one 

week later the students were supplied with a Texas SR10 calculator. 

As 70 percent of the students has not used a calculator before, where 

permitted, up to one hou~s practice was allocated before they started 

the post-test. The results showed that the mean score for the post-

test (test 2) was 67% better than the mean score for the pre-test 

(tes t 1) The results are shown in Figure "0.3 
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The main conclusion Coward draws are as follows:-

1) the use of a calculator does improve studenes a"ithmetic performance. 

Further, the improvement is substantial and the statistical significance 

of the results is very high. 

2) the less able students show proportionally about twice the improvement 

of the more able~e also conducted a small survey of twenty staff 

members and thirty two students by meant> of Cl. questionnaire. 

Coward does say, however, that the results of the questionnaire proved 

inconclusive, but did reveal a strong opinion heavily in favour of 

calculators. Some interesting comments were, ,however, appended to some 

questionnaires he following are some of the (nere cOIr.rr.on. 

The main COll'unent 'IJstJ tr.B. t the use of cnlc'lla tcr.3 mE·ant oS :udents cOl..:ld 

r~<r:form c[.lct:] (;:. ticns r:";ore c:.u::i ckJ.y, le-a ·d,!:.C r:,cre time for the teaching 

of 'principl~s'. Coward reports that he had tried to quantify the time 

saved by using the calculators in his tests but was unable to do so, but 

he did say that the test s showed "that there waS an appreciable saving of 
are , 

time". The implications, Coward says,,(that not only can more time be 

spent on theory but this can be supported and illustrated by many more 

numerical examples. The examples need not, however, be made to "work out" 

to whole numbers, and thus more, realistic examples can be used. The 

problem of accuracy, and rounding off is, however, made more apparent 

with the ca:j.culators. How many teacheru have seen answers from a 

calculator like - 2.999998 when-3.0 would be adequate? 

The use of a calculator can give students confidence, but this means 

that they need to know how to work their machines properly. (- This is 

Particularly true with "scientific calculators"). This confidence in 

his ability to perform numerical calculations can help to change the 

students probably negative attitude towards mathematics. As Coward 
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points out "This investigation has shown that it is precisely the less able 

student who h.s most to gain, in terms of betterment of performance, from 

the use of calculators, and it is felt that this is perhaps the most 

important psychological aspect of the matter, at least as far as the student 

in further education is concerned". The teaching of the use of a calculator 

is probably one area which is still neglected in many schools and colleges, 

students being expected to teach themselves how to use their calculators. 

The calculator noW needs to be properly integrated into school and college 

mathematics syllabuses. (The change of emphasis from calculations involving 

logarithms to electronic calculators can be seen in the T.E.C. Level I unit 

U75/005 and the new Level I unit u8o/683). 

The final point Coward makes is that some respondents claimed "that 

the use of the calculator waS bad for mental arithmetic, which may well.be 

true, for the temptation to rely on the machine for even the simplest task 

is a natural one". Coward, however, says does this really matter, and 

particularly in further education which is concerned largely with vocational 

education. Almost every student has or will have, access to a calculator 

at work, and that if he cannot do mental arithmetic after ten years of 

previous education, and the machine provides him with a fast and efficient way 

of obtaining an accurate result why not let hime use it, and teach him to use 

it properly. Coward does, however, say that "clearly fundamental philosophical 

questions underlie the issue". It is these philosophical questions, along with 

those raised by the effects of comput0rs on education, that mathematical 

educators will have to resolve in the near future. 

The development of the microprocessor has also meant that computer powe~ 

which until the early 1970's had been veryexpensive, began to drop in price 

very dramatically. Along with this drop in price was also a considerable 

reduction in size, which meant that small, cheap computers were available for 

use in industry and education. There are many applications of computers in 
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education, but the three main applications seem to be, i) the teaching 

of computing itself, ii) the use of computers in teaching other subjects, 

(Computer assisted learning - C.A.L.) and iii) on the administrative 

aspects of education - student records, timetabling etc. 

As was mentioned by a respondent to the authors survey conducted as part 

of this dissertation"What do you defineas Mathematics? Are statistics 

included? Are computer studies included? Are basic numeracy classes 

included?" The exact areas covered by "mathematics" are of course not 

exactly defined fo~ in some colleges, there are separate comcuting 

sections for instance whilst in others it is considered to be the job of the 

Mathematics section (or departmen;) With the large growth in Computer 

Science and data processing cou~ses, the whole aspect of com'uting is 

now a discipline in its own right, but by the very nature of the subject 

a considerable overlap with mathematics is bound to occur. 

It is now T.E.C. and B.E.C. policy that all students on their courses 

should be aware of the latest technological developments, and how they are 

likely to affect them in their future employment. The mathematics tutors 

are thus equally responsible with the tutors of other disciplines in 

bringing to the attention of his students the benefits computers can bring 

in terms of sp~ed and accuracy of calculations, and their ability to 

perform repeated calculations very quickly. The introduction of more 

numerical techniques into college mathematics is something that I f·-el 

sure will occur in the not too distant future. The use of techniques 

such as Newton's Method to solve e~uations of the form f(x) = 0 and 

Simpson's Rule for numerical integration are two simple examples of 

techniques which can be easily computerized. It is not really the job 

of the mathematics tutor to teach his students how to programme a computer 

to solve an equation by Newton's method) for example; but it.is hiS job to 

bring the mathematics of Newton's method to the attention of his students, 



and show them that it c"n be easily computerised as it is a repet.tive 

process. 

The three main applications listed by the author previously are also 

gmven by A. Raisbeck in an article entitled "The micro-computer as a 

teaching and management aid'J in a Coombe Lodge Report (31J entitled 

"New learning systems". In the article· Raisbeck says:- "Thore are three 

distinc:t groups of micro-processor users in educational establishments: 

1) Those with a desire to learn micro-processor programming and an 

interest in the internal architecture of the equipment. 
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2) Those who require only a minimal understanding of programming systems 

to enable them to use the micro-processor in their day to day work. 

3) Those having an interest solely in how the machine can be used to store 

and update information and records. 

Although many of the points made in the article have already been made 

previously, Raisbeck does, however, bring up the very relevant point of in-

service training - "We in education should be dedicating considerable time 

to the in-service training of staff to a standard capable of instructing 

students in the use of micro-processors within their specialist subject areas". 

The present position due to the ecenomic recession and cut backs in public 

spending is in fact the reverse, and less in-service training is available) 

together with little incentives for staff, in termsof remmission from 

teaching, and payment of fees. If, however, this country is to gain the 
, , 

maximum benefit for all its citizens from the micro-electronics revolution'then, 

as Raisbeck says) much more will need to be dare in terms of making teachers 

aware of the potentials, of say micro-computer] systems, so they can pass on 

correct and relevant information to their students. 
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Raisbeck's concluding point is that "To be educating students in this 

decade without introducing them to the basic abilities of micro-processors and 

how they will affect the commercial and professional business structure 

leaves a gap in the curriculum that is all too slowly being filled". ~ 

Raisbeck thinks that;,in the future, students will have to be made much more 

aware, of the effects of micro-processors: on society, than they, 

are now, and that this responsibility not only rests with the specialists in 

computer and micro-processor application and programming but with teachers of 

all subject disciplines. 

The introduction of T.E.C. and B.E.C. courses have involved staff in a 

considerable amount of administrative work. Raisbeck sees this as an areas 

where micro-computer techniques could considerably benefit college staff. 

Raisbeck comments - "Little or no software is available within the field of 

student records, and especially those required by the new T.E.C. course 

structure. The complexity of the assessment and monitoring systems is such 

that considerable time needs to be spent in the production of software to 

overcome this difficulty". The author, however, feels that even if 

suitable software, and hardware were available in colleges in-service 

training would need to be given to staff to enable them to use the new system 

efficiently. If new technology is not introduced properly into a college, 

for example, staff given insufficient ,instruction and time to become 

competant in its operation, will revert back to their previous methods and 

the introduction of the new technology will be delayed, or even deliberatly 

blocked by disillisioned staff. 

The courses administered by T.E.C. and B.E.C. are likely to continue 

to increase in the future. The likely future of the T.E.C. and its courses 

is the subject of a Coombe Lodge Report [9 J entitled "T.E.C. towards the 

next decade". The articles are papers wnich were presented to a Joint 

C.B.I. - Coombe Lodge Conference in 1981. 



T.E.C. courses have been running for some 6 years. (The first courses 

starting in 1976), and started with 290 courSes 3.r.d E.bout 7,0('0 studer.to •. 

There are now about 180,000 students on sooet!1inc; like 4;)88 CCC:I'seG in 

"",out 500 colleges. F.G. Ranrott (Chief Officer - T.E.C.) in a paper 

"An overreview of the current position" presented to the conference said 

"We have always envisaged that the total student population in T.E.C. 

would be between 250,000 and 300,000. The job of replacing the previous C. 

and G.L.I. and other courses Should be mainly completed by 1982'"'3". 

,Hanrott sees several areas of future development for T.E.C. -rhe 

following areas have been selected by the author as being relevant to 

mathematical education. These areas are i) T.E.C. and the schools, ii) 

Research and iii) Continuing education. In relation to T.E.C. and the 

schools, Hanrott sees that the close links that should exist between the 

secondary schools and their local further education college. could mean 
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in the future that some level I T.E.C. units could be done in schools. 

Ranrott suggests - "usually subjects such as mathematics, science, drawing 

and communications" could be done at school. This will, however, need to be 

viewed in relation to the new proposals for a common 16+ examination system 

to replace the G.C.E. and C.S.E. examinations. It coulq mean that the 

T.E.C. should be involved in negotiations for the new 16+ examination, and 

that in future students receiving a pass of a particular grade (or above) 

would automatically be credited with the Level I unit in that particular 

subject. (Although credits for T.E.C. level I units can be given for G.C.E. 

passes, many colleges find it educationally and administratively better to 

make all the students complete every T.E.C. unit for their particular 

programme .) 

Research, particularly into further (and technical) education,has been 

fairly sparse in the past. The setting up of T.E.C. and all the T.E.C. 

programmes in colleges has generated research into the evaluation of T.E.C. 



and its work. (eg. A mathematics study undertaken by Manchester 

PolyteChnic~6J) Hanrott is, however, more conc~rned with T.E.C. 

undertaking research itself particularly into the new technology. "We 
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are now considering research by T.E.C. into new needs, for example, new 

curricula required by modern technology, the effects of changing 

technology on technician roles, and special provision for small 

companies". The inclUSion of numerical techniques into mathematics 

syllabuses in further education, was a point raised by several 

respondents to the authors questionnaire on mathematics in further 

education. This could well be one of the topics which the T.E.C. should 

investigate with relationship to the curricula required to meet the needs 

of this new technology. 

The final point to be considered is that of continuing education. 

Hanrott takes continuing education to be education beyond the statutory 

secondary educaticn undertaken in technical or further education colleges. 

Although this is principally concerned with the 16-19 year age group, 

Hanrott, however, feels with present population trends. that this group 

\ 

will be less dominant in further education, and that', retraining of the 

30-40 year age group, ' will develop to take account of technological 

development. This would, however, mean that staff in further education 

would need in-service training in the different teaching methods 

reqUired for the mature student, and to keep themselves up to date with 

technological developments. This different approach to teaching mature 

students is particularly true of mathematical educati-n, for the initial 

mathematical knowledge of mature students will vary conSiderably, and 

some may not have done any studying for twenty years. 
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As well as foreseeing a change in the age of the F.E. student, the 

conference also considered, distance learning, flexistudy and changes in 

the structure of the college year. The concept of "distance learning" was 

introduced by Hanrott who says that T.E.C. has already developed a system 

for distance learning "for what we' (T.E.C.) call 'external students' i.e. 

those who for some good reason cannot attend a college regularly. ',le have 

developed a national policy for distance learning, but it cannot yet be 

introduced across the board because resources are no~ available at present". 

There are two pilot schemes running at present, and it is hoped, in the 

future, to increase the number of students who can benefit from this 

method of obtaining T.E.C. qualifications. The student is still in contact 

with an F.E. college, but not on a regaular basis as he would be on a 

conventional T.E.C. course. It is hoped that 'distance learning' can be 

extended to provide for people in industry for whom normal college provision 

is unsuitable. This is, however, still in an experimental stage and T.E.C. 

are willing to discuss with industry and/or colleges any ideas they might 

have to introduce T.E.C. programmes into their particular industry or area. 

The introduction of "flexistudy" to Barnet College is discussed in an 

article by G.A. Rowlands (Vice-Principal of Barnet College) in a Coombe 

Lodge Report ~7]. Rowlands notes that flexistudy arrangements already 

eXisted in the terms of corresponden~s courses offered by the National 

Extension College, and the National ASSOCiation of Local Government 

Officers) for example. Rowlands, however, feels that further or community 

colleges can offer more to a student than the correspondence colleges, and 

he outlines what he sees as the three main features of flexistudy. 
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These features are:. i) The course material and course structure are 

independent of any college system, and should now be based on the new 

multi-media technology, C.A.L. packages etc, thus switching the main 

teaching load from classroom based teaching to a workshop-based teaching 

situation to which the student would have free acceSs. (An article on the 

Bradford mathematics workshop is discussed later in this chapte~) 

ii)The college can supply tutorial.support for the students)and library 

facilities. iii) The college administration is available to the student 

with regard tn examination entry, or any other administrative problems 

the student may encounter while on the course. 

At present Barnet College offers -. approximately 28 subjects which are 

mainly G.C.E. '0' or 'A' level courses, study skills, young housswives' 

courses, and gateway courses to the Open University. The choice of 

courses means that many mature students can take advantage of them and 

Rowlands says "It gives protection to the teaching profession in that it 

recognises a changed but essential role for the tutor and the exciting 

possibility that the further education system could reach· some 10 percent 

of the adult population. Rowlands also agrees with the author's view that 

if the student population and the mode of teaching change then staff will 

need in-service training. ~ says "A great deal of work needs to be done·' 

in the field of lesson preparation, multi-media kits and in-service staff 

training programmes for lecturers. Little or no expertise has been 

devoted to the training of staff and the preparation of such materials". 

Rowlands says, however, that "The most remarkable thing about 

flexistudy to date is the positive response it has received from colleges 

throughout the country. Barnet has had 800 enrolments to date. This success 

has been echoed in Bath Technical college, Abraham Moss in 11anchester, and 

19 other colleges and community education sections". 
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He then goes on to suggest a confederation to bring together all 

colleges interested in 'open learning' so that material,in existence can be 
, . 
collected and' exchanged, for computer programmes which can be 

, 

purchased by schools or colleges from several university or polytechnics 

which act as administrative centres, by vetting incoming programmes, and 

then arranging copying of them on to tape or floppy disc, and finally 

redistributing them, at a small cost to schools and colleges requesting 

particular programmes. 

Flexistudy, and the whole concept of open learning is something that 

the author feels will be introduced much more into the further 

education system in the future. The changing employment pattern which 

will be brought about by increased automationjparticularly in the 

\ 

manufacturing industries, will mean a considerable increase in peoples 

leisure time. This has to some extent started to happen already with < 

nexihours and "job and finish" working situations. As this increased 

leisure time for people is likely to be spread-out, it is up to colleges 

to make courses available on a much more flexible basis to allow the 

maximum number of students to benefit from college courses and iacilities. 

A change also may be necessary in the emphasis of further education from 

mainly vocational, to more non-vocational courses available to students 

to enable them to benefit from their extra leisure time. 

The main role of mathematical education within further education, is, 

however, likely to remain in the vocational aspects of further education. 

The methods employed to teach mathematics in Colleges have not differed 

significantly from those employed by their colleagues in schools. The 

nature of further education, and the fact that students generally attend 

further education courses because they want to, and not because their 

attendance is mandatory, means that experiments in student learning 

methods can perhaps be more easily carried out in colleges than schools. 
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One such experiment, referred to by one of the respondents to the authors 

questionnaire is the "Mathematics ' .. orkshop" at Bradford College. The 

workshop is described by T.R. Sands (manager of the mathematics workshop) 

and D. C. Spencer in a Coombe Lodge paper (~] • 

The paper opens with a short paragraph on the history of Bradford 

College and then goes on to describe the physical arrangement of the 

workshop. The main point of interest in relation to this dissertation 'is, 

however, Appendix A which lists the aims of the workshop. 

"Aims of the workshop • 

Below t5 the first draft of the aimSof the workshop. 

1) To provide a working area devoted entirely to the study and learning 

of mathematics throughout the college. 

2) To provide a collection of text books, work cards, learning packages, 

review lessons and past exam papers with solutions. 

3) To provide a working area for the centralisation of computer facilities. ! 

4) To make available facilities for the instruction and use of 

electronic calculators. 

5) To assist students in need of remedial sathematics. 

6) To be a base for' aChieting numeracy in the students of the college 

at all levels. 

7) To provide a tutorial service for mathematics within the college. 

8) To assist with the development of mathematics in all courses 

throughout the college. 

9) To prOVide facilities for the preparation of mathematical 

modelS and teaching aid. 

10) To assist lectursrs requiring background material and teaching 

material for mathematics classes". 
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The report then describes what facilities are available in the 

workshop. The main material available is printed material, such as 

learning texts for complete courses such as '0' level mathematics, T.E.C. 

modules I and 11 and the Continuing Mathematics project. The workshop is 

open by prior arrangement to schools and local industry together with a 

wide range of booklets covering discrete areas, of mathematics. This 

material is all catalogued by topic areas, and tutorial help is readily 

nvnilable i'or .students lVithin the \,'orkchop. f.ecorcB ,~,re also ~~E;?t of 

cverystuuent using tbe workshop, and diagnostic tests are available to' 

the tutor dealing with that student so that his strengths and weaknesses 

can be determined. The student can then be given the correct material to 

enable him to make good his deficiencies. 

This is a very ambitious plan, and is still very much in a 

developmental stage, but the idea and its" main aims could surely be 

copied by many colleges, to the benefit of students, and the college 

mathematics staff. Some of the main aims of the mathematics workshop were 

included in question form in a survey carried out by the author, the results 

of which are given in the preceeding chapter of this dissertation. The 

question, for example of setting up an area in a college especially 

for mathematics WaS thought to be relevant by about 60% of the respondents. 

The difficulty of accomodating the range of mathematics required in some 

colleges. was thought by some respondents to make a specialist mathematics 

room unworkable in their COlleges. A facility like the mathematics 

workshop could, however, if catering for the m~thematics reqUirements of the 

whole college be sub-divided into academic levels. (There is say a 

considerable overlap between G.C.E. '0' level and T.E.C. levels I and n, 

and G.C.E. 'A' level and T.E.C. level Ill). The success of a 'workshop' 



facility like this, however, does depend on the co-operation of all the 

departments in the college which include mathematics within their courses. 

The Cradford workshop was set up under the direction of the Principal.lf, 

however, this type of bold step is not initiated from the top, it is 
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likely to fail. There would seem to be no reason why individual departments 

could not set up this type of facility for their own students, and this 

could well be the most likely future development of "mathematics workshops" 

within colleges. 

The inclusion of the colleges computing facilities within the 

workshop would seem to the author, in view of the rapid growth in 

computing courses, to mean that a separate computing facility would 

eventually need to be set up. The mathematics workshop should contain, 

saY,micro-computers, and/or a link to the collegJs computing facility.' 

The inclusion of a computing facility, or access to it,is essential if C.A.L. 

is to be made available to students as well as just printed material. C.A.L. 

techniques seem to be particularly useful for remedial work, and basic 

numeracy - two of the aims of the Bradford workshop. Computers can alSO 

be used effectively to simulate real life situations, but have' the facility 

to repeat as many times as required the Simulation with the same or 

different values to the problem variables. Thus students can see immediately 

the effects, for example, of changing the damper characteristics, in a 

spring mass-damper system on the differential equations and on the 

resulting motion of the system. 

One of the aims Which is also relevant to the earlier paragraphs of this 

chapter is number 4 "To make available facilities for the instruction and 

use of electronic cs.laculators". This the author feels should be an essential 

element of mathematics within further education, particularly for the 

students who are studying mathematics as an auxilIary subject, to enable 

them to study their main subjects. This is particularly important at 
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present and in the, immediate future, until calculators are fully 

integrated into secondary school mathematics curricula - this would appear 

to be unlikely until G.C.E. examining boards fully accept their use for rhe 

'0' level examination. The attitude to the use of calculators, 

adopted by the panel responsible for the mathematics examination in the 

new 16+ examination will determine how much will need to be done in 

further education, with regard to instructing stUdents in the use of 

electronic calculators in the future. 

So far we have considered the changes likely to occur in 

mathematical education in the future. The future development of further 

and technical education as a whole is a matter for conjecture, for 

developments within education, and particularly further education are 

influenced by developments in society in general. In an article entitled 

"Problems and Opportunities for F.E. in the 1980's" by A. Rumbold 

(Fbrmer Chairman of the Council of Local Education Authorities) in a 

Coombe Lodge ReportC3q], Rumbold gives her views on the fUture of 

further education in the remainder of th;s decade. She feels that "in the' 

1980's we must accept that the public perception of what further education 

is about is really a training for industry, for commerce, and for the 

skills that the world of work demands". The present government policy has, 

however, meant that L.E.A's. are now far less likely to allow students to 

study in colleges outside their residential L.E.A., due to recoupment 

problems. Rumbold says that this is denying some students access to the 

courses they want, as these courses are not available at their local 

college. She says that this is closing employment opportunities to some 

young people and continues by saying - "'Ne must look at all the different 
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things which lead young people to job openings in the future and we must find 

ways in which our education system can provide them. We must preserve the 

initiative of our young people; we must not block them in their 

endea vours". 

Rumbold also thinks that the whole 16-19 educational provision will 

need to be reviewed in the immediate future. The solution to the problem 

would seem to be to establish several tertiary colleges to concentrate 

resources and expertise. Rumbold feels "They can take post -16', youngsters 

of all abilities right through whatever they need and want to do. They 

can offer part time courses, day release, academic courses - the whole 

spectrum can be provided in a college of F.E. or in a tertiary college". 

This Sor~ of change, Rumbold feels, would need to be introduced carefully, 

for many schools would be reluctant to lose their sixthforms, and 

facilities at many existing F.E. Colleges would need to be extended and 

modified to cater for this. increase in their student populations. 

This view of a tertiary college ~ystem in the future is shared by D.J. Moore 

(Principal, Nelson and Colne College) in an article "The 1990's: Time for' 

F .E. to reach the parts that other systems have not" Coombe Lodge Report [27] . 

Moore says that "In the first, but not necessarily most important, instance , 

colleges are likely to be asked to meet the needs of the whole ability range 

of 16-19 years by the provision of full-time courses of general and 

vocational education". He goes on to say _or while I do think the tertiary 

trend will grow in any case, I believe full time education/training for the 

age group will become compulsory in some form. (See recent announcements 

from Manpower Services Commission (M. S. C. ) , ' 

The government's new training proposals would in fact make it 

compulsory for all unemployed school leavers to be given a yea~s training. 

As part of this' training a minimum of thirteen weeks "further" education 
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would be given. If these young people are to receive the educational 

part of their training in existing technical colleges and colleges of 

further education, this would bring about a fundamental change in the 

student population of further education. The present student population 

is essentially one of "volunteers" but this new scheme would mean some 

students would be "conscripts". The effects of this) particularly on 

mathematical education, where motivation is an essential element to 

successful student learning, could be considerable, many lecturers 

having to look much more closely at their teaching material and 

presentation methods, than they have done in the past. 

This new training scheme, does seem to come some way towards the 

"County Colleges" proposed in the 1944 Education Act. (The proposals 

had, as noted previously, been made in the 1913 Education Act where a 

two year part-time education, was to be made compulsory for school 

leavers who went straight into employment~, The problem now, however, 

is that many school leavers face unemployment on leaving school,. 

Moore (z'1.l notes that "never s'ince the 1930's has my college ever had to 

consider the needs of unemployed young people or adults as we are doing 

today". Some critics of the scheme merely see it as keeping school 

leavers off the unemployment register for a year, only for them to 

register a year later, but this time pOssibly more frustrated as they 

will then have some skill training. 

The whole question of employment and unemployment as more 

automation is introduced into industry is one which will need to be 

solved in the near future. Further education is seen by many as playing 

an important role in retraining people and educating them in the use of 

their increased leisure time. The exact way this problem will be solved 

is at present a matter for speculation., What does, however, seem more 

certain is that a new form of apprenticeship will need to be 



developHd if the present trend towards small companies .. continues. 

Moorefl11suggests "a broader general 'apprenticeship' for the majority 

of those at 16, certainly when looking recently at a highly profitable 

small company developing and making computer aided X-ray scanners, I 

found it difficult to imagine an apprenticeship system for this type 

of company on the old model; having just written these words I read of 

proposals being announced in April of this year". This is an area in 

which colleges)together with local industry, and the T.E.C. or B.E.C. 

could introduce Certificate (and/or Diploma) schemes t~ fill this need. 
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If the college training is of a fairly general nature the small firms can 

then use this as a base, and then train the "apprentice" in the skills 

relevant to their own particular specialist industry. 

Central to the future of mathematical education in further 

education is the supply of sUitably qualified staff. The teaching of 

mathematics in schooL, has been investigated. by the Cockcrnft committee. 

The committee,set up three years ago/is due to make its report at the end 

of January 1982, but details of its findings and recommendations have 

already appeared in the Times Educational Supplement (T.E.S.) in a short 

article by Diana GeddesCISWLThe committee expressed its concern at the 

supply of mathematics teachers "The committee believes that the need for 

mathematics to be taught by well-qualified teachers should take priority 

over the need to redeploy staff, and calls for the introduction of 

measures to ensure that newly trained mathematics teachers will be able to 

find teaching posts". The committee also recommended extra pay for 

mathematics teachers and according to Diana Geddes said "No hard evidence 

of falling mathematics standards in schools was found by the committee. It 

reviewed the levels of mathematical attainment by pupils over the past 



few years, but came to no firm conclusions as to whether standards were 

rising or falling. It is opposed to any move to go "back to;· basics'~ 

1i8 

The supply of mathematics staff was also raised by some of the 

respondents to the questionnaire, while others were concerned with the 

present situation. It is apparent at present, that with staff redeployment 

to avoid redundancy, mathematics is being taught by teachers with no 

formal qualifications c' training in mathematical education. As was 

previously mentioned a vigorous in-service training programme would help 

to resolve this problem. This, however, in the present economic situation 

looks unlikely, so it will be up to those who have experience and/or 

qualifications to assist their new colleagues in teaching mathematics 

which is thought by many to be a subject which is easy to teach badly but 

difficult to teach well. 

Although there have been periods in the past when mathematical 

education has remained reasonably static, this cannot be said of the 

period leading us to the next century which looks like being one of the 

fastest changing periods in the history of mankind since the industrial 

revolution. Thus mathematics teachers in all forms of education can look 

forward to a very dynamic period. - \,ill computers have replaced most 

teachers by the twenty-first century? - Or will the personal 

relationship between a teacher and his pupil be regarded as being more 

important than the obvious financial benefit of employing computers~ 
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APPENDIX NO.l. 

Extracts from Syllabuses of Junior Technical School. 

Al.l - For Engineering and Metal Working Trades. 

The course is for three years, and the age of entry is about 

13, so that boys leave at 16 plus. The time devoted to each subject 

is approximately as follows:-

Subjects Hours per week 

1st Year 2nd Year 3rd Year 

English 5 5 5 

M9.thematics 6~ 5i- 6~ 

Science 3i- 6 6 

Technical Drawing 4f 4 4 

Art l~ 1 

Workshop Practice ~ 6 6 

Physical'Exercise l~ l~ li-

Geometry and Mathematics are taught in close correlation throughout 

with special regard to the requirements of the boys in the workshops 

and laboratories. 

Brief Summary of Syllabuses. 

J.!athematics:-

First Year:- Vulgar and Decimal fractions; Contracted Methods; 

Metric System; Geometry and Mensuration of simple figures and solids 

with construction in paper, cardboard, wood and metal; ratio and 

Proportion, Square Root; the right an8led Triangle; simple equations; 

Easy Factors/use of co-ordinates, plus and minus signs. 

1:~ 0 
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Second Year:- Ratio and proportion; Variations, Simple Equations; 

Factors; Easy quadratic Equations; Curve Plotting; Geometry and Mensuration 

of the circle, flat ring, sphere; Compound Proportion, Areas and 

Irregular Figures, use of Logarithm tables, and simple trigonometrical 

ratios; Construction in paper, cardboard and metal of simple oblique 

solids. 

Third Year:- Quadratic Equations; Binomial theorem; Elementary 

Trigonometry; Logarithms, and use of the slide rule; plotting curves 

and finding equations; easy differentiation and integrations. 

During the course mechanical principles are taught by experimental 

work. Determination of position, displacement and velocity vectors; 

change of velocity; mass; moments of inertia; Kinetic energy; circular 

and harmonic motion. 

Geometry:

First Year:- Elements of geometrical drawing; Use of plane and diagonal 

scales; Drawing to scale; Pencilling and inking in drawings; Plan and 

elevati?n of plane figures and solids; Development of surfaces; 

Inclination and intersection of planes. 

Second Year:- Problems connected with Metal Work; Plane curves 

projections, development of surfaces; Sections of solids by planes of 

varying inclinations; Tangent planes, Interpenetration of solids; Metric 

projection and oblique parallel projection. 

Third Year:- Problems on loci, interpenetration and development of 

surfaces; Horizontal Projection, cast shadows, contonr, linkwork. 



Practical Mechanics:-

First Year:- Simple Machines Lever, Pulley, "iheel and Axle, 

inclined plane, Screw Jacks; differential Pulley blocks; Principle of 

work applied to simple machines; Friction; Conversion of Notion; Energy; 

HYdraulics; Materials of construction. 

Second Year:- Conversion of Motion; Velocity ratios; sliding and 

rolling Contact; Friction; F.fficiencies of ~achines: Bending moment 

and shafting; Properties of Materials; Testing of Materials. 

A.l.2. For Girls to prepare for entry to the following trades:-

Waistcoat-making, Ladies' Tailoring, Dressmaking, Upholstery, 

F.mbroidery, Cookery, Jaundry- ,"ork. 

12~ 

The course is of a tl<o-year, (lura tion. the age of admission is the s"me 

as that of the bovs, about 13+ vears, 'The time devoted to each subject 

is approximately as follows:-

Subject 

Mathematics 

English 

Drawing or Science 

Needlework or Embroidery 

Physical Exercises 

HYgiene 

Trade 

Brief Summary of Syllabuses. 

Mathematics:-

Hours· per week 

1st Year 2nd Year 

18 

Geometry:- First Year - Drawing and Measure,:ent of Angles; 

Construction of and problems on lines perpendicular, parallel and straight; 

Construction and geometry of triangles Areas of surfaces. 



-- ----~-----------------------------------------------

Arithmetic - Mental; Compound rules; Contracted Methods. Written: 

Commercial Arithmetic; Metric System. 

Geometry:- Second Year - Geometry aDd Mensuration of Circle; Patterns 

involving circles; Construction and Mensuration of solid rectilinear 

figures; Construction and mensuration of cylinder, cone, and frustum 

of cone; Application to concrete objects 

Arithmetic:- Extension of First Year's work. 
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APPENDIX NO. 2. 

Suggested Elementary Mathematics syllabus for a Modern School -

(Hadow Report C3~ J : pp 218 - 219). 

The following is suggested as providing a suitable course of work 

based on the principles stated above (these are outlined in Chapter 2 

of this dissertation):-

Numbers - Growth of the number system. Elementary operations with 

numbers. Our money system with the usual applications. The meaning of 

a fraction. Simple operations with fractions. 

Decimals. 

The measurement of length, area, volume, weight, capacity and time with 

appropriate tables. 

The metric system. 

Areas of rectangles, squares, triangles, surfaces of prisms, etc. 

Appropriate geometrical work. 

Volumes of prisms. 

Generalisations of results in above work on areas etc. Introduction of 

symbols. Construction of elementary formulae. Use and manipulation 

of formulae. Easy • equations. Transformation of formulae for purposes 

of computation. easy factors. Use of squared paper. Construction, 

meaning and use of graphs. Dra'.ing to scale. r!eaning"~d use of averages. 

Factors; common factors: H.C.F. and L.C.H. Simple algebraical example. 

Further work on, fractions. 

Decimalization of money. Calculation of cost. Ratio, constant ratios. 

Hatios connected ...,i th a.nt:1es. .:3ine t c0.sinc ond to.nt;ent of Ci.n anv1c. 

The l"irht ,,,,[leJ.trinn.;le • 

.0ul"'veying prolJlems Dnd other rrs.cticcl ap:i"~lic;::.tions. ;;(;.uD.re rcot. 

Equal ratio~; proportion, proportional qunntities. 

12 ·1 



Proportional diVision. Similar figures. 

Mensuration of the circle i, cYlinder, pyramid, cone and sphere, with 

appropriate geometry. 

Percentages with applications to interest,insurances etc. Compound 

Interest. 

Indices, Logarithms. 

Investments. ~reign currencies and methods of exchange. 

True discount and present worth • 



APPENDIX NO. ~. 

TYpical Secondary Technical School Syllabus (From Mathematics in the 

Secondary Technical School- Mathematical Association Report - 1949 

Chapters VI and VII (4,1 J . ) 

The il.rst two years 11 - 13. 

In the following syllabus the topics are arranged in sequence to form 

a single, integrated subject of mathematics. The sequence is given as a 

suggestion. Other sequences may suggest themselves to teachers, or 

changes may commend themselves as a result of experiments. 

1. Lines and Angles. Measure~ent with a little about areas. Angles 

at a point. The use of symbols in the course of this will lead to the 

formula. 

2. The formula. Use of symbols. A new language- translation into 

algebra. Very simple equations especially those comp~ising such 

transformations as a = blc to b = ac (for use later in the ratio as 

multiplier) Introduction to Directed numbers. 

3. Factors in arithmetic linking up with (2) through the use of index&$ 

H.C.F. and L.C.M. by factors. Fractions. Include simple algebraic 

forms as summaries. 

4. Shape. A little more about the triangle: construction; triangle of 

the same shape (similar); of the same size and shape (congruent). p tterns, 

especially those which gave rise to new curves - parabola, ellipse, 

hyperbola. This leads easily to graphs. 

5. Graphs; as wide a range as possible; not too much time to be spent 

on drawing, leaving some time for their use. 
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6. Decimals, after the need for them has been shown in the course 

of graphical work. 

7. The Metric System. 

8. Solids from their nets. Polyhedra (at least the regular forms) 

a few simple line and plane properties, from observation of walls. books. 

9. Ratio. This vast topic will include at this stage: equal 

ratios or proportion, similar figures, the ratio as the multiplier, 

leading to at least one trigonometrical ratio; the use of tables (by 

division of labour a class can draw up a two- figure table in two or 

three lessons). Percentages. 

10. Equations of the first degree. 

11. Properties of Triangle and parallelogram. 

12. 

A3.2 

Area and Volume. 

Syllabus for 13 - 16 age range. 

It is intended that the following separate sections shall be 

integrated in a form similar to that for liThe First two years 11 _ 13. 

(Section A3.l). 

ARITHMETIC Logarithms and Slide Rule (use of, theory later) 

Tables of Squares and Square Roots, Cubes and Reciprocals •. Calculation 

of functional expressions, Tables of values. Use of the Vernier (Linear 

and Circular). Measurement of areas by counting squares, by; weighing, 

and by mean-ordinate, trapezoidal and Simpson's 1 - 4 - 2 rules. 

(This may be based on graphs drawn by the students) The Planimeter. 

ALGEBRA. Change of subject of a formula: , Products, squares and 
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square roots and factorisati'.m (e.g. difference of two squar~ such as is 

of direct use in subsequent ·work. Simultaneous first-degree equations. 

Solution of quadratic equations. Powers, Indices, Logarithm Theory • 

Determinatic,n of constants in simple laws relating variable, from given 

data. Interpretation of given laws. Variation. 



GEOMETRY. The circle, further metrical and geometrical properties, 

angles,chords, Intution to be used where possible, demonstration to be 

used for results which do not appear obvious. Circles associated with 

the triangle. Centroid, circumcentre, orthocentre. Conic Sections -

construction by drawing. Loci - conic sections, cycloid and epicycloid -

constructio~ by drawing. Involutes. '.'aveforms - construction of the 

sine waves. Sphere, cylinder and cone. Planes and elevations. Curves 

drawn on the surface of the common solid figures (e.g. great circles, 

the helix). Development of surfaces and easy intersections, and of 

easy regular solid figures. 

l?J 

TRIGONOMETRY. Ratios, Further consideration of simlar figires and of solids. 

Solution of right emgled triangles. Heights and distances. Illustrations 

from practical work such as surveying, uses in factories, e.g. in 

calculating lengths of belts, etc. C~~cular measure. Sine and Cosine rule 

with consequent solution of triangles. Areas of triangles. Concept 

of a vector. Graphical addition and subtraction of vectors. Mechnical 

examples (forces, velocity, etc.). 

STATISTICS Introductory work on Averages, Weighting. Medians, 

Distribution curve. 

CALCULUS. Introduction of the idea of slope, differentiation and 

(especially) integration; but all dealt with graphically and numerically. 

Simple problems on their use. 

PRACTICAL APPLICATIONS. Examples ~ill be found in every day life of the 

school and in other classes (e.g. biology, geography, etc.); such examples 

should predominate throughout. Use may be made also of interests (e.g. 

hobbies) of the students, and of such topics as astronomy, surveying, and 

possibly the history of engineering and/or building. Other subjects will 

naturally be affected in different types of secondary technical school. 



APPENDIX No. 4. 

ONC (Sciences) BASIC MATHEMATICS 

A 4.1 Notes for Guidance 

The Guide Syllabus outlines the topics which should be covered in the 

course and which will form the basis of examination questions. The 

syllabus aims to provide the necessary mathematical knowledge that will 

enable the theory and practice of other subjects in the O.N.C. course 

to be dealt with adequately. It also aims to provide a limited amount 

of background knowledge for future use and to give the students some 

experience of h~w to tackle mathematical work in general. 

No attempt has been made to produce a detailed teaching syllsbus. 

1Z9 

Such a sylLbus should include a time allocation, the depth. of treatment 

and the order of teaching. It is, of course, essential that individual 

teachers should have such a syllabus but it is clearly the responsibility 

of the College to provide it within the framework of the Guide Syllabus. 

The following points should be borne in mind when considering such an 

interpretation of the Guide Syllabus. 

Emphasis should be given to the application of the mathematical 

methods used for the representation and solution of scientific problems 

and an effective way of doing this is to collaborate closely with 

teachers of other subjects wherever possible. This is particularly 

desirable when dealing with the fitting of straight lines to experiemtnal 

data, obtaining and analysing frequency distributions, and in giving 

experience in the use of calculating machines. Unless there is liaison 
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here and elsewhere, then it is unlikely that the syllabus will be 

covered effectively and efficiently in the time available. 

Although not specifically mentioned in the Guide Syllabus, it is 

considered essential that a course of this nature should lead students to 

an appreciation of the importance of numerical accuracy and of the 

value of computing aids. Students should become aware of the merits 

and demerits of mathematical tables, slide rules, calculating machines 

and digital computers. They should have as many as possible of these 

aids available for use throughout the course and in the examination. 

F:-oblems set should not, in general, require the use of a particular aid 

and wherever possible the student should be allowed to select an 

appropriate aid. 

It is important that every effort be made to help the student towards 

a genuine understanding of the concepts involved in a given topic. In 

this connection it is clear that the treatment of some parts of the 

syllabus will benefit from an intuitive and/or practical introduction. 

For statistics in particular, the whole approach! to the teaching should be 

a pr~ticali one and there should be strong emphasis on eJlementary statistical 

I , ooncepts. , 

Colleges will no doubt wish increasingly to take advantage of developments 

in mathematics teaching in schools. It is not felt necessary to introduce 

an alternative syllabus for this purpose, but rather that it will be 

possible to use the language of sets and other ideas in treating the given 

syllabus. This approach would be reflected in examination questions 

and answers and this is, of course, acceptable. There is scope also for 

colleges to experiment with the style of the assessed examination paper. 

Such experiments will be welcomed and sympathetically considered. 



A 4.2 

Naperian logarithms. Change of base of logarithl!lSwith particular 

reference to the relation between Naperian and common logarithm&. Solution 

of equations of the types xa = b, aX = b. 

Graphical solution of equations including cubic equations, simple 

trigonometric equations and transcendental equations such as 

x ' sin x = kx, e = kx. 

Binomial theorem (without proof) for any real index; use in simple 

approximations. Geometric series. 

Elementary ideas of the convergence and the sum of an infinite series. 

The use in approximation of series for the exponential, logarithmic, sine 

and cosine functions. (These series can be intuitively introduced without 

formally involving Maclaurin's series). 

(22 hours) 
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Radian measure; trigonometric ratios of angles of any magnitude; periodicity 

graphs of trigonometric functions including R sin (mx+ .); superposition 

of sine waves. Addition and double-angle formulae. Reduction of the 

expression d cos mx + f Sin mx to the form R sin (mx + a). Solution of 

simple trigonometric equations. 

Rectangular cooridnates; algebraic equaticn of a straight line. 

Verification of linear laws or of laws redmcible to a linear form. Simple 

curve sketching, characteristics of plane curves, e.g. symmetry, 

behaviour as x, y become large. 

(19 hours) 
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Limits; functionality; differentiation of algebraic, trigonometric, 

exponential and logarithmic functions; differeatiation of sums, products, 

quotients and functions of a function. Successive differentiation. 

Application of differentiation to gradients, small errors, rates of 

change, maxima and minima, simple curve sketching and kinematics including 

simple harmonic motion. 

Functions of two variables; partial derivatives of first and second 

order; application to small errors. 

Integraticn as the reverse of differentiation. Integration of standard 

forms. Integration requiring the use of simple partial fractions and 

substitutions. Simple integration by parts. Integration as a summation 

With application to the determination of areas, volumes of revolution, 

mean and root-mean-square values. 

Numerical integration using Trapezoidal and Simpson's rules. 

Solution of simple differential equations by direct integration and by 

separating the variables. 
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(54 hours) 

Statistics - necessity for and limitations of collected d&ta. Tabulation, 

graphical representation of data. Frequency tables. Types of average and 

measures of dispersion. 

Elementary theory of probability. Use of Binomial and Normal distribution. 

Very simple treatment of sampling and standard error of the mean. 

(25 hours). 



APPENDIX NO. 5. 

Outline syllabus for techniciaris examinations similar to the 

City and Guilds East Midlands Educatinnal Union, Northern Counties 

Technical EXaminations Council, and the Union of Lancashire and 

Cheshire Institutes (The outline syllabus is taken from ,,;,jnthe!'\'itics 

for '~echn1.ciar.sll by Clarke (ICH,') Ha.I'I'a.p' L.ondon.) 

5.1. The Tl Course 

Arithmetical Operations 

Aids to Calculation: Indices, Logarithms, Use of Tables, Slide 

Rule. 

Mensuration:- Areas, Volume, Mass, '.eight and Density. 

Speeds and Feeds. 

Algebra 1:- Expressions, Substitution, Indices, Directed Quantities, 

Brackets, Binomials, Algebraic Fractions. 

Algebra 2:- Factors, Equations and Formulae. Graphical Work. 

Geometry: - Angles and Parallel Lines, Congruent and Similar 

Triangles, Theorem of Pythagoras, Chords and Tangents. 

Trigonometry:- Ratios, Trigonometrical Graphs, Radian Measure, 

Area of Sector. 

5.2 The T.2 Course 

More Calculations:- Logarithms and Evaluation of Formulae 

Mensuration:- Pyramid, Cone 'and Sphere, Solids of Revolution, 

Similar Solids. 

Algebra 3:- Simple, Simultaneous Linear and Quadratic Equations. 

Further Graphical Work:- Solutio» of Equations, Mid-ordinate Rule. 

Further Trigonometry:- Ratios for all Angles, Trigonometrical 

Graphs, Identities, Sine and 

Cosine Formulae, Sectorsand Segments, Practical Problems. 
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5.3 The T.3 Course. 

Fundamental Algebra, Formulae and Equations, 

Indices and Logarithms, Evaluation of formulae, 

Seven figure Tables. 

Graphical Work. 

Mensuration. 

Arithmetic and Geometric Progressions. 

Continued Fractions. 

Basic Trigonometry. 

General Trigonometrical Problems; Bores, Tapers, Threads. 

5.4 The T.4. Course 

Quadratic Equations, Natural Logarithms. 

Further Graphical Work. 

The Binomial Theorem. 

Mensuration of Arc, Sector, Segment, Pappus' Theorems. 

Applications of Continued Fractions. 

Trigonometry in three dimensions. 

Statistics. 

Differentiation. 

13·j 
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TEACHING SCHEME FOR NATIONAL CERTIFICATE COUltSES 
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APPENDIX NO. 7. 

Mathematics syllabus for Building Trades (General) (From 

Mathematical Association Report "The Teaching of Mathematics in 

Technical Colleges" (lj.2J) 

7.1 ARITHMETIC 

Vulgar and Decimal Fractions 

Percentage and Proportion. 

Voids in granular solids (Sands , 'gravels, aggregates). 

Proportioning of concerete, shrinking on mixing and wetting. Area of a 

rod of brickwork of different thicknesses. 

Duodecimals. 

Area of walls, doors, panels. Costs of panelling. 

Painting and treating surfaces. Volumes. 

Timber and brickwork measures. 

Logarithms. 

At first purely formal examples, but students encouraged to use 

them for general work later. 

7.2 MENSURATION. 

Areas and Perimeters of Plane Figures. 

Rectangle, parallelogram, trapezium(cross~section of a trench, c~l 

or embankment), triangle, circle, ellipse, (pipe sections). Annulus 

(circular paths), sector, segment (approx. formulae taught, Partially 

filled pipes and archways~ 

Irregular figures by Simpson's Rule (fields, cross-sections of ground 

retaining walls~ 

Surfaces and volumes of prisms (rods, trenches, cuttings embankments),

cylinders (pipes and tanks), pyramids and cones(tops of gate posts, piles 

of granular solids at angle of repose), spheres and spherical caps(ball 

valve, domed ceilings, boiler ends). 
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Tapering solids by prismoidal rule (used in preferences to Frusta 

formula - wedges, hip roofs, hoppers, buckets). 

Irregular solids by Simpson's Rule (trenches with battened sides in 

uneven ground, electricity cooling towers). 

Theorems of Pappus (circular paths, circular ratining walls, portions 

of bandstands) 

Helix (springs, spiral staircases given appropriate data). 

Pythagoras' Theorem (check on right angle, staircases, roofing and 

scaffolding~ 

Theorem of intersecting Chords (setting out arcs for archways, road curves). 

7.3 ALGEBRA 

Some formal work. Graphs (plot' bulking of sand', volume of 

mixed aggregates, strength of cured concrete~ 

Manipulation of formulae. 

Simultaneous equations, 

Quadratic equations (beamsJ 

7.4 TRIGONOMETRY. 

Sine, Cosine and Tangent. Right-angled triangles (scaffolding, 

shoring, derricks, cranes, roofs, dormers). 

Solutions of general triangles (elementary surveying problems). 

7.5 Building: particular trades. 

7.5.1 BRICK'.;ORK 

Mensuration of simple rectilinear surfaces and Simple solids is 

important. Accuracy to one decimal place. All measurements being taken 

with a 2-ft rule. All work is done to a drawing, lengths and bevels being 

found by a section and development. 

7.5.2 PLUMBERS 

The most important are:-

a) Area of a circle proFrtional to square of diameter. Include the use 

of constants, e.g. a I in. pipe I ft long contains 0.034 gallons, hence 

the swept volume of a pump cylinder 6 in. diameter and 3ft stroke equals 



0.034 x 6 x 6 x 3 gallons. 

b) Formulae leading to Box's Formulae for flo'''' in smooth bore pipes. 

7.5.3 GAS FITTING. 

Areas of rooms, volumes of tanks, ovens, cylinders. British measure; 

linear, capacity, temperature time and weight. Degrees Fahrenheit to 

degrees Centigrade. Calculation of hourly gas rates for meter test dial 

observations. Percentage error in registration of meters. Calculation 

of discharge of gas per hour from pipes of various sizes and lengths. 

Loss of pressure from various pipes of different sizes with various 

consumptions. 

Calculation of number of pipes of various sizes which .ay be taken off a 

larger pipe equal in area to all branches. 

7.5.4 ELECTRICAL INSTALLATION. 

Cable, sizes, volt drops, - transposition of formulae. Loading. Ratio 

for gearing or pulley coupling. Mensuration. Square and other roots. 

Simultaneous equations for solving distribution problems and networks. 
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APPENDIX NO. 8. 

Mathematics syllabus for Motor Vehicle Servicing (From 

M9.thematical Association Report "The teaching of I'.athematics in 

Technical Colleges" [41) ) 

Good Knowledge of right-angled triangle. Decimals, fractions. 

Division of cirle into equal parts. Use of areas and volumes, 

applications to engine cylinder and brakes. Pressure and relation 

to area of con~ct e.g. bearing areas. 

Metric system for piston sizes; circumference of circle marking 

flywheel for valve timing. 

New cubic capacity on re-boring and change in compression ratio. 

Tank capacity. 

Transmissions and rear axle ratios. Application to road testing. 

Screw thread; inclined plane, load in bolt and tightening torque. 

Electrical calculation to test for electrical faults. 
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APPENDIX NO. 9. 

Mathematics for Machine Shop Engineering (From Mathematical 

Association Report "The teaching of Mathematics in Technical Colleges" 

Jj.7J ) 

9.1 VULGAR FRACTIONS AND RECIPROCALS. 

Restrict to ~,~, i, 1/16, 1/32, 1/64, 1/10, 1/100. 

Conversion to decimals - Micrometer. 

Areas of compound sections. 

Quantities produced from bar (link with ratio, proportion, percentage). 

Addendum of gear teeth = 1/ Diametral Pitch; 

1280/N = Double depth of Whitworth Thread. Pitch of screw tthreads = 
l/N where N = No of threads per inch. 

Continued fractions - Screwcutting, spiral milling, indexing. 

9.2 METRIC SYSTEM. 

2.54 Conversion factor. Conversion 0f cms, mms to inches. 

9.3 PYTHAGORAS' THEOREM. 

Squaring a line shaft - 3,4,5 triangle. 

Cutting depth when machining a flat on a shaft. Depth of cut for a keyway. 

9.4 ANGLES. 

Setting angles of machine tools. Combination angle slips 

1°, 30
• 9°, 27°, 41°. 

9.5 TRIGONOMETRY. 

Right-angled triangle only. 

Sine bar setting. 

'Drop' and chordial distance between holes on a pitch circle. 

Co-or&';nate hol.e centres - jig boring. 

Helix angle of screw threads - tightening load. 

Measurement of tapers, dovetails, vees and vee threads with ball and 

rollers. 

Angle between line and plane - 'Compound' angle boring. 



Angle between two planes - 'Compound' angle milling. 

9.6 RATIO, PROPORTION, PERCENTAGE. 

Gear trains, pulley speeds. Speeds and feeds. G.P. 

Material composition. Founding melting practice and losses in heating 

forgings. Scrap percentages. 

Piecework rates. Costing, quotations, interest, depreeiation, 

Civic calculations. 

9.7 SIMPLE EQUATIONS. 

Conversion of OF to °C. Finding diametral pitch p if number of 

teeth T and outside diameter D are known D = 2/ + Tip 
o 0 p 

9.8 SUBSTITUTION IN AND MANIPULATION OF FORMULAE 

Spring calculations. Screw and gear calculations etc. 

9.9 USE OF TABLES AND GRAPHS OF DATA 

See Mechanics Handbooks. 

9.10 MENSURATION. 

Calculation of volumes and weights from drawings. 

Intensity of stress and pressure - Material testing and presswork. 

9.11 INDICES 

Link with formula manipulation and mensuration. P = (0.9)n for 

B.A. threads D = 6p6j5 where D = Diameter of B.A. thread. 

9.12 QUADRATIC EQUATIONS. 

Examples from Mensuration including the use of Pythagoras' theorem. 

9.13 MISCELLANEOUS. 

Logarithms, Slide Rule, Square root by the long diviSion method. 

Use of nomograms. 

9.14 PATTERN MAKING (special requirements) 

Estimation of casting weights. 

Setting out gear wheel pattern. 

Compensation for shrinkage. 
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trNI'l' V AWE: One Design Lengtb 60 DU'II. 
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The guidelines produced by Programme Committees indicate the standard units 
That they see for possible incorporation in their programmes, or as. 
lIupplementary to their programmes. 

5. PRE-RE,(UISITE UNITS 

6. CBl:DITS FOR UNITS 

o.e.E. 0' Level .~ or ot C.S.E. I in Mathemtics. 

1. ADIS or THE lJNIT 

To consolidate basic principles and establish a common base for further 
pr.,g:-ees, taking into account the wide variety of approaches to 
IIllthematicB previously encountered at earlier stages iD education. 

8. SP!X:IAt NOTES 

Tor 1I0Da IItudents not all the objectives in this unit may need to be 
taught, some already baYing been met by the ·students as a result ot study 
1JI achool. 

.'r 
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9. 'SSlSSII!lI'l' SPECIFICA'!'ION 
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The following gives the \Blit breakdo'Cl, by topic aDd types of learning, as " 
key to the production by a college ot its ASsessment specitication for this unit. 

I % of total. asnssment 
, 
I Intellectual akills 

Unit Topic as I i ~ ot Motor topiC Area assessment ! Skills 8 I 

I 8 ~ 
, 

S co 
~ ti ~ g .. .. 
@ 

.r: cu ~ , , Cl U .. , 
" ~ ti I 0 ll' -a ! .... ~ 

i .!l 8 "" .!l -< 

A 20 ! 6 ; 14 
I 

B 10 '+ 2 I '+ 

c 25 , 
l 

5 15 5 , 

D 10 i 2 8 , . . 
I I 8 E I 10 I 2 

F 15 
I 

5 10 

G 10 ! 3 7 

! H 
: , 
! 

I . 

1 Percentage of 
It 25 66 5 IassesSll:ent for 

entire unit ~ 
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The unit topic areas and the general and specific objectives are 
set out below. the unit topic areas being prefixed by a capital letter, 
the general objectives by a non-decimal number, the specific objectives br a 
decimal number. THE GUiElUL OBJi::CTIVl.S GlVi: THE TLACHING GOALS AND THE SPECIFIC 
OBJ;;CUVES THE Mt;ANS BY "HICH THE STUDENT DEMONSTRATES HIS ATTAIN~T OF TllEH. 
Teaching starf should design the learnine process to meet the general Objectives. 
The objectives are not intended to be in a particular teaching sequence and do 
not specify teaching method. but, for example. practical work could be the most 
appropriate teaching method for the achievement of the objectives. 

ALL THE OBJECTIVES SHooU) BE UNDERSTOOD TO BE PREFIXED BY THE WORDS, 
THE UPEC'l'l:D u:ARNING OUTCOME IS THAT THE STUDENT:-

A. RANIPULATING NUMBERS 

1. Applies the four basic arithmetic operations to expressions involving 
integers and fractions. 

1.1 Performs calculations includine addition. subtraction, multiplication' 
and division. involving positive and negative integers, lowest 
cOllUDOn multiple and highest common factor. 

1.2 Verifies numerically the law a + (b + c) = (a + b) + c; a(be) • (&b) C 
1.3 Verifies numerically the law a + b = b + a; ab • ha 
1.4 Verifies numerically the law a(b + c) • ab + ae 
1.5 Defines numerator and denOminator of a fraction. 
1.6 Simplifies fractions by cancellation. 
1.7 Recognises tha~ cancellation or division b~ zero is not permissible. 
1.8 Adds, subtracts. multiplies and divides fractions. and sillpl.1fies 

results. 
1.9 Relates ratio and proportion to fractions. 

1.10 Solves problems involving more than one of the operations in 1.8. 
1.11 Simplifies expressions involving fractions using precedence rules 

for brackets and basic arithmetic operations. 

2. Applies the four basic arithmetic operations to eXpressiODs involving 
decimals. 

2.1 
2.2 
2.3 

2.4 
2.5 

2.6 
2.1 
2.8 

Recognises a decimal fraction. 
Converts a fraction to a decimal and vice versa. 
Recognises a recurring decimal and distinguishes between ter:iaating 
and non-terminating decimals. 
Reduces a decimal correct to a specified number or c!ecilll&1 place •• 
States a decimal number correct to a given number of aignificant 
figures. 
Converts fractions and decimals to percentages. 
Adds and subtracts decimal numbers. 
Multiplies and divides two decimal numbers giving anavers to IQl 

appropriate number of decimal places. 

3. Evaluates expressions involving whole number indices. 

3.1 Defines the terms base, index, indices. powers. reciprocale, equa.re 
roots in terms of an (a> 0). 

: 
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3.2 Applies the following rules, where m and n are 

am an = am + n 

am m - n = a -n a 
(am)n = aDln 

3.3 Deduces that aO = 1 for all a, and that a -n = 
4. Expresses numbers in standard fom and binary fom. 

Tm U75/005 
Mathematics I 

positive integers 

1/an• 

14G 

4.1 Expresses a den\~ number in the standard form of mantissa and exponent, 
e.g. 1.234 x 10-

4.2 Converts to normal decimal form a n~~ber given in standard form. 
4.3 Adds and subtracts tl~O numbers given in standard form. 
4./t Expresses a positive intecer, leos tbnn 64, in binD.~J form. 
4.5 Converts a positive binary number to denary. 
It.6 Adds tl~O positive binary numbers. 
4.7 Relates binary digits to on/off mode. 

B. CALCULA~IONS 

5. msurcs that ansl~ers to numerical problems are reasonable. 
,'. 

5.1 Limits a.'1.y anSl'er to a numerical pro blcm to a reaoonable number of 
siGnificant figures e.c. not more than 1 sicnificant figure DOre 
than the least accurate nu~ber in the data. 

5.2 Questions the validity of any solution to a p~sical 
problem and rejects an ansl,er which is not Ceasible. 

5.3 Estimates the apnroximate value of arit~etic expressions. 
5.4 Repeats the calculation if results do not acree with approximation 

obtained· in 5.3. 

6. Understands and uses 4 fiqure tables. 

6.1 Deterr.i.nes the s'!uare, square root and reciprocal of a 4 !igtU'e number 
using the respective tables. 

6.2 Defines loearithm to base 10. 
6.3 Dete~ines, fro~ tables, the l05arit~~ of any positive number. 
6.4 !·lultiplies and divides two nu:~bers usinG 10:. tables. 
6.5 Deduces that the logaritr~ of tL'1.ity is zero. 
6.6 Calculates the reciprocal of a n~~ber using lOSe tables. 
6.7 Calculates the value of a number raised to a positive integral po~/er. 
6.8 Calculates the square root of a positive nu~ber using log. tables. 
6.9 Evaluates sbple mathe ..... Uc expresoions relevant to Level I technoloGY' 

using lo~. tables. 
6.10 Recognises limitations of accuracy of tables. 

7. Uses a slide rule for simple calculations. 

7.1 Identifies the parts of a slide rule. 
7.2 1,:u1tiplies and divides numbers. 

" 
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7.3 Determines reciprocals, squares and square root~ using appropriate 
scales. 

7.~ Evaluates expressions including multiplication, division, 
reciprocals, squares and square roots. 

8. PertorMS basic arithmetic operations on a calculating machine. 

8.1 Adds, subtracts, mUltiplies and divides numbers using a calculator 
(see 1.li. 

!l.2 Calculates the value of a Dumber raised to an integralpower. 
8.3 Evaluates the reciprocal ot a positive number. -
8.~ Evaluates expressions arising from realistic problems in Level I 

units using more than one of 8.1 to 8.3. 
8.5 Compares the advantages and disadvantages of ~ figures, slide 

rules and calculating DBchines. 

C. ALGEBRA 

9. Uses basic notation and rules of algebra. 

9.1 Represents quantities by numbers and letters. 
9.2 Simplifies expressions involving symbols and numbers using: 

(a) the ~ arithmetic operations of addition, subtractioa, 
multiplication and division. 

(b) the commutative, associative and distributive laws. 
(c) the laws of indices. 

147 

(d) the precedence in the use of brackets and arithmetic operations. 

10. Hultiplies, divides and factorises algebraic expressions involving brackets. 

10.1 Multiplies an expression in brackets by a number, a symbol or by 
another expression in a bracket. 

10.2 Factorises expressions by: 

. (a) extraction ot a cOCmon factor, 
e.g. ax + ay 

s(x + 2) + b(x + 2) 
(b) grouping, e.g. ax - ay + bx - by. 

11. Solves, algebraically, simple and simultaneous equations. 

11.1 Distinguishes between an algebraiC expression and a equation. 
11.2 Kaintains the equality of a given equation Whilst, applying an)" 

arithmetic operations. . 
11.3 Solves linear equations in one unknown. 
11.4 Constructs and solves simple equations from data derived troll 

experimental work in other subjects at this level. 
11.5 Solves simultaneous linear equations in two unknowns. 

1.2. Eval:<1Stes and manipulates formulae. 

12.1 Evaluates, by substitution of 
V • IB, " • U + at, A ""CfrZ, 

T • ,~' F. gm,PlZ 
g d 2 

given e1ata forlllUlae such 88:-
V .. 11f rZh, . 

'j 
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L ,; t .. (1 +.d:) ••••• ~ •• or other forr.rulae from Level I units. 

12.2 TransposcG fOITJUl..:1e of the types shown in 12.1 

D. DI.\G:rJ~\TIC W:P"ES' J!T,,~'IC11 OF R::;Lt.TIO;rSHIPS 

13. Uses suit~ble grapbs and other diaGrams to illustrate one-to-one 
rela tionship. 

14. 

F. 

15. 

13.1 
13.2 

13.3 

13.1+ 

13.5 

13.6 
13.7 
1 :~.lj 
13.9 
13.10 
13.11 
13.12 

Converts Given ~ta into anothcr 3Yste~ of related units. 
Re1ctes a Get of values on one scale to corresponding values on 
a parallel scnle. 
Uccs a ;p'ven Rtraight line to find cor:resporIcliAg pair-s ot value. 
o~ the two axes. 
Identifies 1).1, 13.2, nnd 13.3 as uY.amples of one-tm-one mappings 
bctl-Iccn s~tG of oivcn or calculated values. 
Apr>lies 13.l f to :'!lysical mw.ntities which are directly proportional. 
(e.g. Hooke's La~ri • 
!)~~incs n riGh,t-hu,'·ldcd s:lote::l of axes. 
Dctcr::rl.nes nuito.blc scales fror.!. ,:;'iven data. 
DefineG a.."lcl l<>.bels axes. 
I'lots n !JOint accurately :;iven itG coordinates. 
Draws a straiGht line to fit !JOints \.hich satisfy a linear law. 
!Ieads values ":ro~ a s<:rair-,ht line c;r;J.ph. 
Deterr:lines cradient of a Eitr<lieht line GX'8-ph. 

STATIS'1IC5 

Collec·ts, rcn.reocnts and interpr-~ts statistical data. 

14.1 Collects data by counting, measuring, from practical work in other 
Level I subjects. 

14.2 Tabulates and groups the data into an appropriate number of eqUlll. 
intervals. 
Dratls Co tally c'.iar;nun. 
~epresento the relative frequency percentages of the data b7:-
(a) 10C1.~ bar chart. 
(b) pie diaGram 

11f.5 DcfL"leG fr~~uency and rel..:1tive frequency percentage. 
14.6 _~e!lres';nt,. the frequencies by:-

(a) pictograJ:lo 
(b) horizont~l or vertical bar charts 

14.7 Dro.:"s a histo:;ro.m to represent a- given set of data. 
14.B Labels fully any diacram (see 14.5, 14.6, 14.7). 
14.9 Interprets descriptively the data represented by a given diagram. 

Unuers"ands thc angle relationships aGsociat~d with parallel and 
tran3verse lines. 

15.1 UnfincG degree, as 1j)60th of a revolution and minute a8 1/6Oth of 
a dccrce. 

15.2 :lecoVlises acute, obtuse, reflex and right angles. 
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15.} Identifies vertically opposite pairs of angles. 
15.4 Identifies given parallel lines and a transverse,-

(a) alternate angles 
(b) corresponding angles 
(c) interior an~les 
(d) supplementary angles 

15.5 ldentif~es parallel lines through relationship of given pairs at 
angles. 

16. Understands the types and properties at triangles. 

16.1 Recalls the angle sum at a triangle. 
16.2 Identifies types of triangles as:-

(a) acute angled 
(b) right angled 
(c) obtuse angled 
(d) equilateral 
(e) isosceles 

16.} Identifies complementary angles. 
16.4 Calculates any third side of a right angled triangle using the 

theorem of pythagoras. 
16.5 Constructs a right anele using the sides at j : ~ , 5 triangle. 
15.6 Co~pares two trLan~les tor similarity or congruency. 
16.7 Determines an unknown side or an angle at a second triangle using 

16.6. 
16.B Constructs a triangle given one of the following:-

(a) three sides 
(b) two sides and included angle 
(c) one side and two angles 
Cd) one side, hypotenuse and right angle •. 

17. Understands the geometric proper·ties of a circle. 

1Hl 

17.1 Identifies radius, diameter, circumference, chord, tangent. sector, 
segment, ~d arc of a circle. 

17.2 Solves simple problems relating circumference, radius and ~te? 
ot circles. 

17.} States the relationship between angle at circumferance and angle at 
centre at circle. 

17.4 Recognises the angle between tangent and radius of circle is a right 
. anlle. 

17.5 Defines the radian. 
17.6 Converts degrees and minutes to radians and vice versa. 
17.7 Expresses angular rotations in· mul tiples ot if radians. 
17.B Solves problems involving arcs and angles measured in radians. 

lB.. Calculates areas and colWllns of plane figures and COIlllDOI1 aollda using 
gi ven formulae. 

lB.l Demonstrates that a quadrilateral is a four. aided figure vhi:h ca!l 
be split into two triangles. 
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1/l.2 Defines the proIlerties of the rollol·tine :::>lane figurea, relatins 
to sides, aneles ruld diaconals:-

(a) rectancle, 
(b) square, 
(c) parallelo:ram, 
(d) rhombus, 
(e) trapeziUl:! 

Uses !;iven formu1o.e 

(a) square, 
(b) rectanGle, 
(c) parallelocram, 
(d) circle, 
(e) nerni-circle 

Uses t;i ven formu1o.e 

(a) cylinders, 
(b) priGm~t 
(c) cones, 
(d) pyramids, 
(e) spheres 

Uses siven formulae 

(a) cylinders, 
(b) prisms 

to calculate areas of':-

to ealc .... late the vol\lr.ll$ of:-

to calculate the surface areas of':-

• • 

1/l.6 Calculates the volumes of solids constructed from hemispherical, conical. 
cylindrical e.nd rectangular ::>arts. 

19. Solves right an~led trian~les for ansles and length of side using·sine, 
cosine and tangent ratios. 

19.1 Sketches right-anGled triangle from Given data. 
19.2 Defines sine, co~ine, ruld tdn~ent racios for acute anglea. 
19.3 Reads, fro::! 4 fi[;tire tables, the three trigonmetrical ratios of !!. 

siven acute angle. 
19.4 Determines from tables an acute angle Given its ;;C::.c, cosine or 

tangent. 
19.5 Calculates the fractional or s .... rd forms of the 3 trig ratios 

for angles 30°. 450 and 60°. 
19.6 States the relationship: 

Cos g = Sin (90 - Q) 
Sin g = Cos (90.- Q) 

19.7 Solves problems involving triGonometric ratios and/o~ Pythagoras. 

20. Sketches and identifies Sine and Cosine Curves. 

20.1 Sketches a sine >rave, ove!' the complete cycle by rclatin:; the anGle 
of a rotating unit radius to the vertical projection. 

20.2 Sketches a cosine \lave, over onc complete cycle by relatin~ the o.nele 
of a rotating unit radius to the hori~ntal projection. 

, / 



APPENDIX NO 11 

T.E.C. U75/005 - MATHEMATICS I. 

(In syllabus form, from "T.E.C. - The Present position" by 

T. Easingwood (13) ). 

1. Numbers 

The four rules of arithmetic, integers, fractions, decimals; 

significant figures. 

Ratio, proportion and percentage. 

\fuole number indices; standard form; laws of indices. 

Binary/denary conversion (~6410) 

2. Calculations 

Four figure tables-including logarithms. 

Use of slide rule for calculations; advantages)disadvantages 

of different aids. 

Rough checks, accuracy and validity of answers. 

3. Algebra., 

Notation; brackets. Arithmetic operations applied to 

algebraic expressions.' Simple factorisation. 

Solution of simultaneous linear equations 

in two unknowns. 

Evaluation and transposition of formulae. 

4. Diagrammatic representation. 

Parallel scales. Graph plotting. Straight line 

through given points; gradient of line. 
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5. statistics. 

Data collection; tabulation and grouping of data. 

Diagrammatic representation; tally diagram, pie 

chart, bar chart, frequency distribution, histogram. 

6. Geometry. 

Angles and parallel lines; types of triangle, angle sum. 

Pythagoras' theorem. Similar and congruent triangles. 

Circle; tangent, chord, radius, circumference. 

Radian measure; arc length. 

Areas of plane figures; volumes of common solids and 

composite figures. 

Surface area of CYlinder and prism. 

7. Trigonometry. 

Sine, cos, tan for right angled triangle; use of 4 figure tables; 

ratios of 300
, 45°, 600

• 

Solution of simple problems. 

Sine, cosine curves over one cycle. 
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Appendix No. 12 

"ueationnaire on the Nature ani Role of Mathematics, 

in FUrther ~duc~tion. 
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QUESTIONNAIRE cm THE_ ROLE AND NATURE OF HATHEl1ATICS IN FURTHER EDUCA~ 

The contents of this questionaire will be confidential and no names of 
individual lecturers or colleges will appear in the dissertation. 

1. ~: (Leave blank if~ou wish) 
Grade: 

repartmen t : 

2. Qualifioations: 

'7 

Industrial Experience: (No dates required, would just like brief details 
ot industrial experIence and number of years). 

4. Educatioral Experience: (No dates - just brief outline of any previous 
lectureship - school teaching etc., including present past and number 
of years at each job). 

5. In-Service training: (retails of any courses, with relevance of 
mathematics and its teaching, you have attended in the last five years. 
No dates - just course title and brief description of content). 

6. How many hours of mathematics do you teach a week? 

Within your department: HOURS 

Other departments (Please specify which other departments and how 
many hours). 

7. Is any mathematics taught within your department as a complete subject? 
(e.g. O'Level or A'Level mathematics).' 

YES 

NO 

r-' .'-( 

If yes could you please specify the nature and syllabus used (e.g. 
O'Level A.E.B. General 100) 



8. The mathematics ;;hich is not taught as a complete subject (Question 7~ 
does it form part of a course eg TEe Certificate Course, City and Gu~lds etc? 

.. 
Yes it 

'--" 

No 
r-'! 
L .... : 

If yes could you briefly list belov/ the courses offered by your department 
requiring mathematics units together with a syllabus reference, or level no 
and s~d unit reference number or CD (for College designed) for TEC 
programmes - eg 

TEC Science Lab Technicians Certificate 
Haths level I u7S7oo5 etc 

9 Are there any courses in your department in which mathematics is taught 
in an "integrated" mode with other subject areas? 

Yes 
,-, 

No Lt 
If yes could you give brief details of the course ilnd the subjects "integrated" 
with mathematics. 

10 Do you see mathematics in your department as a specialist subject or more 
as a "tool" to assist other subject disciplines? 

Specialist Subject r-! ;._t 

(--I ._. To assist other Bubjects 

11 If you are not already in a Mathematics Department, do you feel it would 
help you in your teaching if a separate Hathematics Department was set 
up in your College? 

Yes 

No 

Any comments as to \/hy you thinlt the status quo should be naintained, or 
why a separate Hathcmatics Department v/ould be of benefit to you and your 
students 110uld be appreciated. 

12 Do you feel that mathem:\tics vdll become increasingly important as the 
effects of the micro-chip revolution are more apparent in industry and 
Society? 

Yes 

No i 
. ! 
"--' 

Any comments as to the possible topic areas you feel should be included 
in present day ~ld future mathematics syllabuses 



13 What methods of toaching mathematics are employed at yOt~ College? 

lIorksheets 

Ch~.lk and Talk 

Team Teaching 

Computor IlSsistod learning 

Text Book 

Any others please specify. 

:--
' __ ... ...1 

,-'~' 

, , 

14 What methods of assessment are used in the mathematics teaching in 
your department? 

Continuous. Assessment 

End of Session Exam 
,--, , 

15 Have you a specinl "mathematics" room within your department with visual 
aids, wall displays etc? 

Yes 

No 

If no, do you thinl{ it would be of benefit to have a special room where you 
could have every maths group say once a ~Ieek? 

Yes 11 
r-' , . No -

16 Have you nIlY other comments \/hich you feel are relevant to rJathematics 
syllabus ond teaching I"Ihich have not been covered in the above questions? 
If so, could you please add ther.l belm,. 

Thank you for giving up your time. 

15G 



Hi7 
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