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Chapter 1 

INTRODUCTION 

In recent years many complaints have been received from employers, 

especially within the engineering industry, regarding the poor 

mathematical ability of school leavers entering craft employment. 

Gilbert (1) provides evidence to suggest that between 1971 and 1975 

results of intelligence tests and tests involving simple mechanical 

problems taken by prospective apprentices showed little or no change in 

performance. Tests in English and Arithmetic, however, had revealed a 

noticeable decline in performance over the period. He concluded that, 

as the intelligence test results remained constant, pupils were not being 

satisfactorily prepared in English and Arithmetic for employment 

(reference Figure 1). 

A recent Confederation of British Industry survey in Wales (2) found that 

the standards of literacy and numeracy of school leavers had dropped 

appreciably between 1966 and 1974. It was found that a general lack of 

understanding of the basic arithmetic functions - to the point of not 

knowing when to add, subtract, multiply or divide - was apparent. The 

c.B.I. cited typical examples of problems causing difficulty to 15/16 

year old pupils as:-

3 + 3 + 1 "' 7 (adding numerators = 7) 
4 8 4 "i6 (adding denominators = 16) 

3 X 2 = 8 (cross multiplying) 
4 9 27 

13.27 + 27.9 ... 13.27 (position of decimal point ignored) 
~ 

The report claims that lack of understanding of elementary basic concepts 

appears to be a major weakness. 
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These views were strongly endorsed by the report of the Royal Society/ 

Council of Engineering Institutions Joint Education Committee's Working 

Party on school Mathematics in relation to craft and technician 

apprenticeships in the engineering industry (3), The Working Party 

pointed out that attainment in Arithmetic by school leavers taking 

selection tests was generally low and that in many cases, because of 

low standards, industry is having to spend time and money on bringing 

their attainment up to a more satisfactory level, 

In a recent paper given by Mr, Harrison, Apprentice Supervisor, 
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British Aircraft Corporation (4), it was stated that many mathematical 

problems were being experienced by his apprentices and this had forced 

him to run additional evening classes for two hours per week in order to 

improve their skills. He listed the topics requiring attention as:-

The four rules applied to whole numbers, fractions and decimals 

Conversion of fractions to decimals and vice versa 

Calculations using drawings 

Averages 

Squares and square roots 

Theorem of Pythagoras 

Perimeters, areas and volumes 

Transposition of formulae 

Logarithms 

Trigonometry 

He substantiated his claims by illustrating problem areas with practical 

examples, as follows, 
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l) 

Calculation of flat length of bar 

required to produce this shape 

2) 

r--

Using mental arithmetic to 

- - calculate X 

1..---

4S1>1"' '5"'"' X 

110 ""hi 

3) 0,250" is to be removed from the 

workpiece by a milling cutter. The 

work table is raised by turning a 

calibrated wheel, Each revolution of 

the wheel raises the table o,oso", 

How many revolutions of the wheel are 

required to raise the work sufficient 

to leave 0,010" for a finishing cut? 
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4) Calculation of X - circumference of the small pipe - then division 

of X into twelve equal parts for construction of development. 

X 

5) Calculation of series/parallel resistance. 

6) Calibration of pressure gauges, i.e. using Pressure ~ Force 
Area 

for example, 

With area fixed, find the force to give a certain pressure. 

7) Calculation of spindle speed for a piece of material, given cutting 

speed and diameter of material. 

Complaints regarding standards have not only come from industry. Teachers 

themselves are conscious of the need for good numeracy levels. The Head 

of Mathematics at a London school wrote recently that "standards of 

Arithmetic of those transferring to secondary schools had seriously 

deteriorated. This is because primary schools fail to give pupils a 

proper grounding in basic skills and the authority (I.L.E.A.) also sets 

standards which are insults to the intelligence of 11 year olds." (5). 
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In a survey taken by the National Association of Schoolmasters/Union of 

women Teachers, (6), it was found that 73 per cent of members questioned 

felt that standards in secondary schools had dropped, 

A survey taken by the British Broadcasting Corporation in conjunction 

with the National Federation for Educational Research (7) found that 

mathematical standards among British schoolchildren had dropped since 

1964 (reference Figure 2), 

RESULTS OF MATHEMATICS TEST ;... APRIL 1977 

so 

., 
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FIGURE 2 Average scores of 14-year-olds in seven countries in the 

"Man Alive" mathematics test, The thick line shows the results when 

the same questions were asked in a UNESCO-funded test in 1964. Japan 

is the only country where results have improved. (Denmark did not take 

part in 1964,) 
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Yet another survey devised by teachers under the auspices of the 

Institute of Mathematics and Its Applications (8) resulted in a state-

ment from Dame Kathleen Ollerenshaw, the Institute's President, which 

said "we can say that education as a whole, and parents and employers 

will agree, is not doing a good enough job. 
.. 

The arguments regarding falling standards are not, however, one-sided. 

On the day before Shirley Williarns, the Secretary of State for Education, 

launched the first of the "Great Debate" conferences, the House of Commons 

had its own mini-debate lasting three hours. The Minister said 

Department of Education and Science evidence showed that standards had 

improved over the past ten years, though not as much as the Department 

might have wished (9). 

In March 1977, the Association of Teachers of Mathematics told a House of 

commons Committee investigating the educational attainments of school 

leavers that employers' complaints about falling standards in Mathematics 

.. i .. were a red herr ng and based on irrelevant tests. They said "Much of 

the assessment undertaken by employers is not meant to be relevant for 

the job in question but is merely part of a general assessment of all-

round ability. Over the years we have collected a good deal of evidence 

to suggest that what employers really need is frequently unrelated to 

what they expect school leavers to have. Often the skills tested are 

neither those required nor those that have been taught." They go on 

to say that "Some problems are a direct result of a number of schools 

being ahead of employers in some areas of technological development. 

The use of electronic calculators, metric units and an attempt in many 

schools to stimulate interest in the work are all examples." (10) 
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The last paragraph is most interesting as the 1974 D.E.S. document on 

metrication clearly states that "The initiative for making changes in 

industrial or commercial practices generally lies outside the educational 

services, which must keep in step with such changes and cannot force the 

pace." (11) 

The overall impression formed by research into the statements made by many 

organisations is that there is overwhelming evidence to suggest that 

standards of numeracy have dropped over the last ten years. It appears 

that there are many contributory factors to the decline, for example 

falling standards of discipline within schools, the use of experimental 

Mathematics syllabi, mixed ability teaching (12), lack of specialist 

Mathematics teachers (13), lack of motivation of pupils (14), lack of 

parental interest and support (15), and general apathy in the community. 

In addition it may be that the requirements of industry have risen, that 

industry has to choose its intake from a lower ability school leaver 

(more people staying on at school), and that some selection tests are 

outdated and are unfair to applicants. 

One of the main problem areas is to define what ability a typical craft 

apprentice should have. Lindsay's profile of a craftsman (16) is:-

"A craftsman is more highly trained, on a broader base of skills, than 

the operative. He needs to acquire the skills and knowledge which will 

enable him to interpret an engineering drawing and create the product. 

He needs to be able to order the raw materials, plan the work sequence, 

set up the job and then do it. It is he who will be called upon to make 

the prototypes, the one-off special order, or the occasional spare part 

outside the normal run of production. He is thus typified as one who 
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must think constructively, often in mathematical terms, while on his feet. 

He must possess, or soon acquire, a quick confidence with back-of-envelope 

arithmetic, some use of formulae, of 'Pythagoras' and of trigonometry of 

the right angled triangle, and an appreciation of how geometrical figures 

are measured and constructed. 

"Initially he performs such calculations on scraps of paper, or with biro 

on the palm of his hand. With experience he will progress towards doing 

more or most of these calculations mentally, though his methods may grow 

increasingly idiosyncratic, becoming modified through a practical aware

ness of the degree of approximation which each task can tolerate. Such 

'knack' is what we generally recognise as part of being a skilled man. 

"Yet be is typified as having attained from low to middle grades in C,S.E, 

Mathematics, At or above C,S,E. Grade 3, he might possibly aspire to be 

a technician, although this does vary according to local conditions." 

The definition implies that a craftsman must have initiative and an 

aptitude towards Mathematics. 

As a schoolteacher, the author feels that at present these qualities are 

not common amongst pupils obtaining c.s.E. Grades 4 and 5. In many cases 

pupils who obtain lower than Grade 3 C,S,E, in Mathematics lack the drive, 

concentration and determination to do well and, generally, if a pupil has 

a fair amount of ability and a willingness to work bard, he or she should 

be assured of a c.s.E, Grade 3 or above, 

The requirements outlined by Lindsay can be compared with the ideas of 

the School Mathematics Project regarding the manipulative skills in which 

an average pupil, that is one likely to achieve a c.S.E, grading of 

between 2 and 5, should acquire a high degree of proficiency by the age 
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of about 16 (17), These are:-

Recall and use of the addition of multiplication of integers up to 10. 

Manipulation of simple arithmetic fractions, 

Simple problems involving percentages. 

Simple mental arithmetic with integers, involving 'carrying' one number 

in the head, using +, -, x and f. 

Addition, subtraction, long multiplication and division, normally of 

numbers with up to three significant figures (including decimals), 

The four arithmetic operations of directed numbers, 

Simple use and applications of units of length, area, volume, mass and 

decimal money, 

Simple ratio calculations. 

Estimation of size of answers to numerical calculations (including 

decimals) using 'rounding'. 

Solution of simple linear equations, e,g, ax + b = c; px + q = rx + s, 

etc., where the coefficients are numbers, 

Manipulation of simple formulae involving+, -, x, f and use of brackets, 

Use of slide rule or calculator for multiplication and division, 

It seems evident from the complaints made by industry that many pupils 

leaving school with C,S,E, Grades of 2, 3, 4 or 5 do not possess a high 

degree of proficiency in the above skills, If the craftsmen of the 

future are to be recruited from pupils with C,S,E, Grades 4 and 5 it is 

necessary to ensure that they have a much better grounding in the basic 

manipulative skills, 

It would be unfair at this stage to blame schools solely for the present 

position, To gain any improvement a concerted effort on the part of 

teachers, industry, pupils and parents will be needed, If no improvement 
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occurs in the future, it may be that industry Will have to select its 

future craftsmen from pupils with 'o' Level or c.s.E. Grade l 

qualifications in Mathematics if the standard outlined by Lindsay is to 

be maintained, 

Possibly the speech made by the Prime Minister, James Callaghan, at 

Ruskin College (18) may suggest a more positive future approach to the 

subject. He said "Higher standards than in the past are required in 

the general education field, It is not enough to say that standards 

have or have not declined, With the increasing complexity of modern life 

we cannot be satisfied with maintaining existing standards, let alone 

observe any decline. We must aim for something better." 

In view of the controversy surrounding the mathematical ability of school 

leavers entering industry, this research project was established to 

obtain more detailed information regarding the actual mathematical skills 

required by craft apprentices. Information provided by industry and 

colleges of further education would be used as a basis for the production 

of material intended to contribute towards schoolchildren's understanding 

of the Mathematics used by craft apprentices within industry. The work 

proceeded concurrently with Graham's programme of research into present 

teaching methods and school syllabi (19).-
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Chapter 2 

A REVIEW OF AVAILABLE INFORMATION REGARDING MATHEMATICS IN RELATION TO 

SCHOOL LEAVERS ENTERING CRAFT AFPRENTICESHIPS 

When discussing this project with other school teachers, they sometimes 

remark "but we can't gear our Mathematics teaching to suit the few who 

are to pursue craft apprenticeships", 

In order to answer this criticism it was decided to investigate actual 

numbers of school leavers entering craft apprenticeships. The Midlands 

Regional Office of the Department of Employment provided some relevant 

statistics (20). Unfortunately the information provided did not distinguish 

between craft and technician stUdents and therefore the following data 

relates to all apprenticeships. Table 1 shows the total number of young 

people (that is between the ages of 16 and 18) employed for the period 

1961 - 1971. 

Table 1 - Employment of Young People 1961 - 1971 

In Occupations Below Craft Level 

1961 1966 1971* Percentage change 1961-1971 

Boys 337,000 295,000 227,000 - 32,8 

Girls 519,000 515,000 391,000 - 24,6 

(Under 18) 

In Occupations At Craft Level And Above 

1961 1966 1971* Percentage change 1961-1971 

Boys 428,000 405,000 342,000 - 20,1 

Girls 199,000 138,000 132,000 - 33,4 

(Under 18) 

* Provisional: based on 1 per cent sample 
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TABLE 2 ANALYSIS OF BOYS AND GIRLS ENTERING EMPLOYMENT BY CLASS OF 

EMPLOYMENT ENTERED 

Boys 1964 1970 1972 1974* 

Employment Entered OOO's % OOO's % OOO's % ooo's % 

Apprenticeship 114.5 36 104.9 42 100.2 39 118.2 43 

Professional 5.2 1 3.3 1 3.4 1 . 3.5 1 

Clerical 34.0 11 19.8 8 18.4 7 19.2 7 

Employment with Planned 
30.5 10 20.7 8 23.8 9 26.4 10 

Training over 12 months 

Employment with Planned 

Training - 8 weeks 16.5 5 14.6 6 18.8 7 20.5 7 

to 12 months 

Other Employment 114.2 36 85.0 34 94.3 36 86.9 32 

Total 314.8 lOO 248.2 lOO 258.9 loo 274.8 lOO 

Girls 1964 1970 1972 1974* 

Employment Entered OOO's r. OOO's % OOO's % OOO's % 

Apprenticeship 16.9 6 15.8 7 18.0 8 15.5 6 

Professional 5.0 2 4.1 2 3.9 2 4.2 2 

Clerical 114.9 39 89.5 40 78.3 34 96.3 40 

Employment with Planned 
13.3 5 u.o 5 12.6 6 13.5 6 

Training over 12 months 

Employment with Planned 

Training - 8 weeks 24.4 8 23.0 10 28.0 12 27.5 12 

to 12 months 

Other Employment 119.0 40 80.4 36 87.5 38 80.9 34 

Total 293.5 lOO 223.8 lOO 228.2 lOO 237.8 lOO 

* The figures for the year are probably affected by the raising of the 

school leaving age in 1973. 



D,E, REGION 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 

London and South Eastern 27 24 26 28 30 30 32 31 32 29 28 35 33 

Eastern and Southern 34 33 36 40 41 41 42 41 41 37 36 44 39 

South West 38 35 38 40 40 39 39 40 37 35 34 45 39 

Midlands 35 32 35 40 42 44 44 43 43 39 37 49 43 

Yorkshire and Humberside 44 40 45 50 51 52 51 51 51 47 47 M 52 
. 

North West 44 40 43 48 51 50 49 49 48 47 46 51 48 

Northern 41 39 41 48 50 48 48 47 47 46 47 55 50 

Wales 26 25 29 36 37 37 38 36 36 34 33 47 39 

Scotland 39 38 40 42 45 46 46 47 47 46 45 52 M 

Total - Great Britain 36 33 36 41 42 43 43 43 42 39 39 47 43 

TABLE 3 PERCENTAGE OF BOYS OBTAINING APPRENTICESHIPS ANALYSED BY REGION 

. ·······---------~~~~~~~~~~~---------------------------------' 
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One significant point to emerge from the Careers Services' statistics 

is the effect of cyclical factors on the intake of new entrants, This 

shows up particularly well in the case of boys entering apprenticeships 

during the period 1962 - 1972, In good years, opportunities for 

apprentices tended to be much greater than during periods of recession, 

Table 3 indicates that apprentice intake in all regions was affected by 

this cyclical factor, The graph illustrates its close relationship with 

movements in the economic cycle as represented by the numbers of notified 

vacancies for all industries and services, 

Table 2 shows that over the decade for which the figures are shown, there 

has been a fall in the total number of young people entering employment, 

reflecting the growing proportion of young people staying on at school, 

There has been an increase in the proportion of boy entrants going into 

apprenticeships since 1964 and a reduction in those going into jobs with 

little or no planned training, Only approximately 7 per cent of girls 

enter apprenticeships, the largest training profession being hairdressing, 

It would seem, therefore, that the mathematical needs of boys and girls 

may differ (reference Table 2), although a degree of proficiency in a 

common core of topics would be applicable to both, Apprenticeship is 

the largest training category for boys, but a relatively small one for 

girls. 

Between 1964 and 1974 the mean percentage of boys entering apprenticeships 

in the Midlands was 42 per cent, with the mean for Great Britain during 

this period also being 42 per cent (reference Table 3), It appears, 

therefore, that as apprenticeships form the largest employment outlet 

for boys, industry has the right to demand certain standards in accordance 

with their_needs, 



It was considered that the best place to obtain information regarding 

the mathematical problems experienced by craft apprentices within 

industry would be the Industrial Training Boards. Sixteen were 

contacted (21) and were asked if they could provide:-

a) any statistical information which would illustrate the 

mathematical problems of school leavers entering craft 

apprenticeships; 

b) any samples of mathematical tests given to prospective craft 

apprentices ; 

c) the names of any publications giving examples of mathematical 

problems likely to be experienced by craft apprentices in their 

industry(ies); 

d) information regarding films or slide packs, etc., which may be 

purchased and which illustrate the mathematical problems of 

their industry(ies). 

Generally the training boards were very helpful. There appeared to be 

a feeling of discontent regarding the mathematical standards of craft 

trainees but little statistical evidence was available to actually 

indicate areas of weakness. Typical comments made are as follows. 

17 
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Matthews, Senior Research Officer, Engineering Industry Training Board 

''There is considerable danger in being negative in approach, in looking 

only for deficiencies and ignoring those attributes of school Mathematics 

(not necessarily traditional) of value to industrial entrants. 

Examination of Mathematics tests is not a simple process; many are out 

of date and test neither potential nor essential attainment successfully. 

In very many cases the reliability of such instruments is not tested and 

is unknown. " 

Bonney, Senior Training Adviser, Air Transport and Travel Industry 

Training Board 

"There is a very desperate situation regarding the unacceptably low 

mathematical standards of young people entering craft.apprenticeships," 

Thorogood, Training Manager, Foundry Industry Training Committee 

"Basic computational skills are weak. The relative lack of numeracy also 

becomes one of the main areas of learning difficulty in further education." 

Fairley, Training Information Adviser, Paper and Paper Products 

Industry Training Board 

"Like most industries, the paper and paper products industry is aware of 

the problems of low standards of numeracy in school le avers," 

Hughes, Adviser, Training Research and Information Services, Printing and 

Publishing Industry Training Board 

"we have no hard data on the mathematical problems of school leavers 

entering printing apprenticeships but in a number of areas the College 

staff have told us that they now need to run remedial Mathematics classes 

for students on printing (and other craft) courses," 

With reference to a series of meetings between representatives of 
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industry, the careers service and teachers in Sussex, Hughes says 

"The main problem seems to be that there is too much emphasis on the 

conceptual aspect of Mathematics without the children also being taught 

the number manipulation that is necessary using these concepts." 

Thornton, Senior Training Adviser (Technical), Iron and Steel Industry 

Training Board 

"Many of the iron and steel producers are teaching remedial Mathematics 

to craft apprentices." 

It would appear that methods of testing applicants for craft apprentice

ships vary considerably for different industries, In some cases no 

Mathematics test is given and in others Mathematics is tested stringently. 

None of the industrial training boards could supply statistical information 

on results of their tests but most of them commented that they were 

concerned about the fall in standards (presumably by observations and 

comments made by training officers in their organisations). 

No films or slide packs were suggested showing mathematical applications 

in industry. Few examples were received of mathematical applications, 

Those sent were rather specialised, for example those referring to the 

printing and publishing industry, and required practical explanation in 

order to obtain a full understanding of the principles, that is 

"Machine Printing 

1) An Spp leaflet is to be printed sheet work in red and black and 

has a print run of 4,750 copies, This job would require: 

a) 2 make readies and 9,500 impressions 

b) 2 make readies and 19,000 impressions 

c) 4 make readies and 9 0 500 impressions 

d) 4 make readies and 19,000 impressions 
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"Graphic Reproduction 

2) On a camera with a 20 inch focal length lens, focussed at same 

size, the diameter of the stop using the Vl28 ratio will be: 

a) 5 /32nds 

b) 
10/32nds 

c) 
15/32nds 

d) 
20/32ncts" 

The Iron and Steel Industry Training Board were able to provide 

comparative results from N,l,I,P, Apprentice Battery Tests supplied by 

an establishment in South Wales. The results in 1974 are compared with 

those for 1966, a year chosen apparently because the standard of 

applicant, and hence recruit, was felt to be entirely appropriate to 

the training provided, 

RESULTS OF N,I,I,P, BATTERY 
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One interesting fact emerging from the graphs is that the general trend 

of each one is the same, although there is a much greater decline in 

attainment in the Arithmetic test than in the intelligence tests. 

The drop in standards in the intelligence tests may indicate that the 

candidates in 1974 were chosen from a lower ability range than those 

in 1966, owing to the fact that more young people continue with further 

education. The decline may also be due to the tests being outdated 

over the 8 year period (10). 

A lforking Party led by Collins, Mathematics Adviser for the London Borough 

of Hillingdon, also concluded that the ability levels of applicants for 

apprenticeships had declined and this should be borne in mind when 

making judgements on the level of numeracy displayed (22). 

The Rubber and Plastics Industry Training Board have taken positive steps 

by setting up a study group to discuss problems regarding recruitment of 

young people to their industry. This group consists of both industrialists 

and educationalists. In their first report (23) the study group calls for 

a much greater importance to be given to effective and appropriate methods. 

of learning, especially with regard to numeracy, in our national scheme 

of educational priorities. 

A most revealing piece of research was provided by the Engineering 

Industry Training Board in their booklet "school Learning and Training" (14). 

Contrary to the beliefs of many industrialists, they found that 'modern' 

Mathematics is not the cause of mathematical difficulties at the start of 

training. They also reveal that mathematical topics of direct relevance 

to first year training tend to be included in school syllabi. There was, 

however, no indication of the depth in which each topic was covered. 
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Probably the most important conclusion drawn from the study was that the 

motivation of pupils to learn whatever Mathematics is presented to them 

is sure to be critical to mathematical attainment, Instructors giving 

remedial teaching in the first year of training found high motivation 

of trainees once they understood the need for arithmetic skills as part 

of the job, It was felt that more demonstrations of practical applic-

ations were required within schools, 

This view is echoed by Matthews (24), who stresses that school Mathematics 

should be relevant and realistic, tt " tt School Mathematics , he says, must 

start from the real world of today in which the child finds himself and 

it must provide preparation for the real world of five or ten years hence 

when children will be starting a job," 

The Nuffield Secondary Science Project rates what it calls significance 

as its most important.objective and so do a number of mathematical projects, 

The reasons for learning certain skills must be transmitted to pupils 

within school, At a recent conference attended by the author (25) 

school pupils were present who were working on S,M,P, work cards. Two 

seemingly intelligent 14 year old girls were doing exercises on sets. 

When asked why they were studying this topic and what use it would be to 

them in the future, one girl said she did not know, The other girl said 

"Well, I might want to be a teacher when I leave school and I will 

probably need to learn about sets in order to teach others." This answer 

seemed to indicate that she also did not really know, 



Rees's study (26) concluded that the performance of students on day

release courses in technical colleges was considerably worse in 

calculation questions when compared with non-calculation questions. 

It was also found that students avoid calculation questions in national 

examinations. It may be argued that if pupils were motivated more in 

their school work then their confidence and degree of skill would almost 

certainly increase and the problems outlined by Ruth Rees would definitely 

be reduced. 

Motivation is a vital factor in improving mathematical standards of 

pupils within schools. It is most encouraging to see many bodies 

organising liaison between schools, colleges of further education and 

industry in order to achieve this. One of the leaders in this field is 

The Working Mathematics Group. This is composed of industrialists and 

teachers who work in pairs - one person from industry and one from 

teaching. The aim of the Group is to offer source material which teachers 

· will find valuable in meeting syllabus requirements and which, in so doing, 

will help students to achieve an understanding of industrial activities. 

It is also intended that the material could be used in early training 

programmes within industry because it is in a form which helps to fill 

the gap between school or college Mathematics and commercial or industrial 

applications. This Group, developed from a part of the Continuing 

Mathematics Project (C.M,P,) has achieved a certain amount of integration 

between the work of schools and industry and may be an indicator of 

future trends, 

The City and Guilds of London Institute has received, in recent years, a 

number of requests from colleges and schools for schemes with a vocational 

orientation for young people of average ability in full-time education. 
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Their Foundation Course curriculum (27) was designed to motivate young 

people to improve their basic educational skills, to introduce them to 

the responsibilities and attitudes of the world of work and to help them 

reach an informed choice of career. The Institute has initiated five 

guide schemes, which are Community Care, Construction, Engineering, Food 

Industries, Science Industries. 

With regard to numeracy they say that the objectives should be related to 

the practical requirements of employment and to everyday needs of citizens. 

They list the following in their syllabi:-

1) Understand the four rules of number - addition subtraction, 

multiplication and division - and be able to apply them in appropriate 

concepts. 

2) Identify correct units for quantities, costs and equipment 

characteristics. 

3) Make approximations of costs, quantities, times and measurements 

within reasonable limits. 

4) Understand concepts of tolerance in measurement, order of magnitude, 

and accuracy. 

5) Calculate volumes and capacities of vessels and solids. 

6) Calculate areas of plane figures. 

7) Use simple calculating devices for the four rules of number. 
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8) Understand the principles of costing and be able to apply them to 

specific jobs. 

9) Calculate wages in relation to rates of pay, allowing for deductions. 

10) Understand simple statistics in percentage and proportion terms. 

Develop surfaces of simple solids, (extra for Construction) 

Read simple engineering drawings and make 

working drawings of jobs to be undertaken 

to B,S,308, 
extra for Engineering 

Be able to understand and present simple 

statistics in graphical form. 

Understand and apply concepts of ratio and 

proportion. 

Understand the concept of decimals, fractions 

and percentages and the relationship between 

them, 

extra for Science 
Use simple calculating devices for the four 

rules of number. 

Know the use of simple logarithms. 

Appreciate the use of computers, 

Understand simple statistics in graphical form,.' 
...1 
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One of the most comprehensive guides to the mathematical requirements 

of industry is the contents of the Technician Education Council's Unit 

"Mathematics 1". A student can obtain a credit for this unit if he has 

obtained a G,C,E, 'o' Level Grade Cor a C,S,E, Grade 1 in Mathematics, 
' 

The syllabus is well set out and gives the teacher specific, defined 

objectives, It also is a clear indicator of what a c.s.E. pupil with 

Grade 2 or 3 (considered to be eligible for acceptance to take this unit) 

would be required to cover in the 60 hours allocated, 

The contents of this syllabus are far more demanding than the numeracy 

section included in the City and Guilds Foundation Courses (which is aimed 

at the 'average' pupil, i,e. Grades 3/4 C,S,E,). Also it is noticeable 

that none of the 'modern' topics is incorporated, that is sets, matrices, 

etc •• Some c.S,E. pupils following a 'modern' syllabus may have spent a 

considerable time on these during their school course, 

The contents of the T,E,C, Mathematics Unit 1 syllabus closely correspond 

with the mathematical needs of apprentices outlined by Worthy (28) after 

her visits to a series of Coventry engineering companies. The only 

deviation is that she found five-, six- or seven-figure logarithm tables 

should be used, compared with four-figure tables used in the T,E.C. syllabus, 

It has generally been established by many researchers that for many years 

to come apprentices will need to be competent at using both the imperial 

and metric systems of measurement. According to Lindsay (16) "Metrication 

of the engineering industry cannot be completed at a stroke, since much 

machinery, many thousands of orders, orders for spares and replacements, 

new aero-engines and other items for export, particularly to the U,S,A., 

and semi-prepared material could remain 'imperial' even into the next 

century," This is also concluded by Worthy, 
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Another factor which has an important effect on mathematical attainment 

within schools is truancy. It was interesting to note that when the 

I.M.A. survey (8) took place, London (I.L.E.A.) registered a 28 per cent 

absence figure. The figures were (for 5th Year pupils tested):-

AuthoritY Absence Rate 

Buckinghamshire 

Dyfed 

Essex 

Leeds 

London (I.L.E.A.) 

per cent 

11 

15 

14 

16 

28 

Overall Absence Rate = 18 per cent 

Teachers will justifiably argue that they cannot properly teach pupils 

who are truants. Even occasional truancy could upset a child's work 

programme within school. 

As a schoolteacher, the author feels that industry could help schools 

considerably by refusing to offer apprenticeships to known truants. This 

could be a great incentive to pupils to attend regularly. 

In addition to the investigation of the contents of school syllabi, much 

research has taken place concerning the experiences required by Mathematics 

teachers and methods of teaching. The Government announced in March 1978 

that it is to set up a special inquiry into the teaching of Mathematics 

in primary and secondary·schools. It will look particularly at the 

effectiveness and intelligibility of the way the subject is taught and 

the way the mathematical curriculum matches up with the skills required 
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for further education, employment and adult life in general. 

This follows on from a statement in the recent Green Paper (29) that 

"The Secretary of State (for Education) believes that wherever possible 

preference should be given to applicants who have had some employment 

outside the world of education. She had particularly in mind mature 

students." 

It is also generally felt that more Mathematics graduates must be recruited 

into schools. In 1975 the number of graduate mathematicians in secondary 

schools was approaching 7,000. This was estimated to be 1,582 fewer than 

was needed. The D.E.S. stated early in 1977 in its "statistics in 

Education" publication that the number of Mathematics graduates in schools 

had increased by approximately 26 per cent since 1969. Over the same 

period in Science subjects there had been a 45 per cent increase. 

The Royal Society Report (3) calls for better qualified Mathematics teachers. 

It also strongly recommends that industry should organise training 

programmes for Mathematics teachers to acquaint them with industrial 

applications. 

In conclusion it appears that much of the research work already done 

highlights the need for improvements in schools regarding method, cou~se 

content and standards of teaching. With greater co-operation between 

schools, colleges of further education and industry, all parties, and 

in particular the young people who are being trained, should benefit. 
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Chapter 3 

RESULTS OF A SURVEY OF OPINIONS OF INDUSTRIAL TRAINING OFFICERS IN 

LEICESTERSHIRE, WARWICKSHIRE AND TYNE AND WEAR REGARDING THE MATHEMATICAL 

NEEDS OF YOUNG PEOPLE ENTERING CRAFT APPRENTICESHIPS 

Bearing in mind the research work outlined in Chapter 1, it was felt 

that it would be of value to research, by questionnaire, the views of 

a number of industrial training officers regarding the mathematical skills 

required by school leavers entering craft apprenticeships. Additionally 

it was hoped to ascertain an indication of the level of mathematical 

ability displayed by apprentices during their initial period of 

industrial training. 

The aim of the survey was not to produce objective evidence, but to request 

the opinions of training officers who, in the majority of cases, had 

extensive experience of the selection, education and training of craft 

apprentices. 

The area chosen for the main survey was Leicestershire and Warwickshire, 

two counties having strong industrial traditions and being conveniently 

located for personal approaches. A subsidiary survey was taken in Tyne and 

Wear, selected as representing an area of "heavier" industry. It was hoped 

that comparison of the results gained in each area would prove to be of 

interest. 

A most helpful contribution to the surveys was made by the Careers Service 

in the three areas chosen, the officers of which provided lists of firms 

employing craft apprentices. 
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Survey of Opinions of Training Officers in Leicestershire and Warwickshire 

Introduction 

Personal visits or telephone calls were made to most of the 48 selected 

organisations in Leicestershire employing or training apprentices. 

Representatives of 38 of these establishments completed and returned the 

questionnaires issued, as well as one officer at a Skill Centre which, 

although not directly involved with apprentices, offers to mature people 

training for employment in a variety of skilled trades. The author spoke 

principally to training officers (together with some apprentices) working 

in these firms and was most impressed by their response to the project 

and by their willingness to invite him into their companies to discuss the 

problems being experienced. Most of them expressed deep concern about the 

level of numeracy of job applicants. 

Of 32 questionnaires mailed to Warwickshire firms employing craft 

apprentices, 15 were completed and returned. 

A detailed analysis follows of the 54 completed questionnaires, which 

represent the opinions of training officers responsible for over 4300 

apprentices and 300 craft trainees. Preliminary categorisation of the 

contributing organisations reveals the types of employment in which these 

young people are involved. 



Analysis of Responses to Questionnaires 

Types of Establishments Contributing to the Survey in Leicestershire 

and Warwickshire 

46 firms/training organisations involved with engineering (light, 

medium, heavy, electrical, mechanical, automobile, etc.) 

6 firms/training organisations involved with the building trade 

1 Skill Centre 

1 Armed Services Recruitment Office 

54 

32 
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Academic Entry Requirements for Craft Apprenticeships 

a) Engineering Establishments 

Definition of academic entry requirements Number of 

as written by Training Officer Establishments 

"o" Level .3 

c.s.E. Grades 1 and 2 5 

C.S .E. Grade 3 23 

c.s.E. (no grade specified) 8 

None 8 

47 

In cases where examination passes were required, specific subjects 

were quoted, the most common ones being English, Mathematics, 

Physics, Technical Drawing and Metalwork or WoOdwork. In the 

tt tt tt ' t1 other requirements section, success in tests and interviews 

tl u " featured prominently, as did a good report from school and a good 

.. personality • 



b) Building Trades 

Definition of academic entry requirements 

as written by Training Officer 

None 

Full-time education until Summer of final year 

and to have taken examinations 

c.s.E. Grade 3 

c.s.E. or "o" Levels 

Number of 

Establishments 

3 

1 

1 

1 

6 

34 

Definitions were rather vague. For the building trade it appeared 

that physical make-up, i,e, health and hardiness, was very 

important as well as a good personality, 

c) Skill Centres 

Definition of academic entry requirements 

as written by Training Officer 

None, but candidates are assessed by an 

internal test 

Number of 

Centres 

1 



Shown below are questions and responses collated. 

Qu. 1 

Qu. 2 

Qu. 3 

Qu. 4 

Are you satisfied, generally, 

with the mathematical ability 

of your craft apprentices on 

appointment? 

Do you feel that pupils in 

schools obtain enough 

instruction in basic 

printing, writing and 

presentation of work? 

Is this important? 

Do you feel that the mathematical 

ability of your intake has 

increased/decreased/remained the 

same over the last 5-10 years? 

Yes 16 

No 37 

No Response 1 

Yes 

No 

No Response 

Yes 

No 

No Response 

Increased 

Remained 

54 

4 

50 

54 

53 

1 

54 

2 

the same 7 

Decreased 40 

No Response 5 

54 
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Qu. 5 

Qu. 6 

If the answer to Qu. 4 is decreased, 

do you attribute this to:-

a) the teaching of modern 

Mathematics? 

b) a drop in standards of 

school teaching? 

c) comprehensive education? 

d) the social attitudes of 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

parents and pupils to schools? No 

e) having to choose your intake 

from a lower ability range 

(i.e. more people staying on 

at school)? 

Yes 

No 

32 

2 

28 

4 

21 

7 

23 

8 

20 

12 

36 

Percentage 

of 

total (54) 

39% 

13'/o 

42"/o 

1$ 

No Response 5 9% 

Would you like to see more .Yes 47 

consultation between schools, No 

technical colleges and industry Enough 

regarding the contents of school Being 

syllabi, or do you feel that Done 6 

enough is already being done No Response 1 

in this field? 
54 



Qu, 7 Do you feel that Mathematics 

teachers would benefit from 

industrial visits and vice versa, 

and if so: 

a) would you be prepared to 

receive teachers and 

illustrate your problems 

inside the firm? 

b) would you be prepared to 

make visits to schools to 

observe what is happening 

there? 

c) are you already implementing 

a) and b)? 

Yes 

No 

No Response 

Yes 

44 

7 

3 

54 

42 

No 5 

No Response 1 

Undecided 6 

54 

Yes 45 

No 7 

No Response 2 

54 

Yes 27 

No 25 

No Response 2 

54 
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Qu, 8 

Qu, 9 

How do you feel schools can best test 

the progress of their pupils? 

a) by testing at the end of every 

2 years? 

b) by testing at the end of 

every year? 

c) by coursework and continuous 

assessment? 

d) don't really know 

Others stated:-

combination of b) and c) 

by testing every 3 months 

No Response 

Do you feel that all applicants 

for craft apprenticeships should 

have a basic working knowledge 

of Technical Drawing? 

4 

24 

2 

22 

1 

1 

54 

Yes 43 

No 10 

No Response 1 

54 

38 



Qu. 10 Other than Mathematics, what 

subjects taught in schools do you 

feel would be useful to prospective 

craft apprentices? 

39 

English 54 

Physics 45 

Chemistry 16 

Biology 1 

Foreign Lang. 3 

History 4 

Geography 4 

Metalwork 47 

Woodwork 31 

Tech. Drawing 45 

Art 12 

Religious Ed. 2 

Others: 

Careers 1 

Economics 1 

Commerce/ 

Business 

Studies 1 

Machine work 1 

Physical Ed. 1 

Engineering 

Science 1 

Good General 

Education 1 



Qu. 11 

Qu. 12 

Qu. 13 

Qu. 14 

What time of year do you select 

your craft apprentice intake? 

Is each candidate required to 

take a Mathematics test? 

Do you understand the difference 

between c.s.E. Modes 1, 2 and 3? 

Do you consider c.s.E. Grade 1 

to be equivalent to an "o" Level 

pass? 

Autumn 

\'/inter 

Spring 

swnmer 

Not 

applicable 

Autumn/ 

Spring 

Spring/ 

summer 

All Year 

No Response 

Yes 

No 

Yes 

No 

1 

1 

29 

10 

1 

3 

4 

3 

2 

54 

48 

6 

54 

33 

19 

No Response 2 

54 

Yes 36 

No 17 

No Response 2 

54 
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Qu, 15 

Qu, 16 

Qu, 17 

Qu, 18 

Do you feel it is essential that 

school leavers entering craft 

apprenticeships have a good 

knowledge of tables (up to 

12 X 12)? 

Do you feel that school leavers. 

entering craft apprenticeships 

require an ability to carry out 

simple mental arithmetical 

calculations? 

Is enough emphasis placed on 

mental arithmetic in schools? 

Yes 

No 

Useful but 

not 

important 

Yes 

No 

Yes 

No 

49 

1 

4 

54 

52 

2 

54 

34 

Not Sure 20 

54 

The following is a list of topics which may be found 

in a C,S,E. syllabus. 

Would you please indicate whether you feel that these 

topics are covered in schools 

well/satisfactorily/unsatisfactorily/not sure 

and also if you feel that they are 

required/useful but not important/not required/not sure. 

41 



..................... 

NO, TOPIC Well 
_:Sat is- Unsatis- Not No Yes Useful No Not No 
factorily factorily Sure Response Sure Response 

--c-

1. Addition, Subtraction,· Multiplication 
and Division of whole nUffibers .. .. 1 .10 30 3 10 52 - - - 2 

2, Addition, Subtraction, Multiplication 
and Division of decimals .. .. .. - 8 33 3 10 52 - - - 2: 

3, Addition, Subtraction,· Multiplication 
and Division of fractions .. .. - 6 36 2 10 48 4 - - 2 

-4. Everyday Units of Length, Mass, 
.. Currency, etc. .. • • •• • • • • - 10 29 4 ·u 45 4 - - 5' 

5• Percentages .. . . • • • • •• 1 4 27 10 12 30 16 5 - 3 . 
•. 

6, Ratio and Proportion . - 4 .. . . . . . 23 13 14 30 15 3 1 5 

7, :Lengths, Areas and Volumes (i.e.' 
·cylinder, cube, etc;) 8 28 6 12 -. . .. .. - 40 11 - - 3 

8~ The Circle (sector, arc, etc,) .. - 5 29 7 13 38 11 2 - 3. . 

9, Lengths , Areas and Volumes of 
similar objects .. .. ... .. - 6 23 11 14 31 14 4 1 4 .. 

10, Approximation and Estimation .· 
(sig, figs., dec. places) .. .. - 4 24 12 14 31 13 4 3 3 

11, Indices and standard form .. .. - 2 16 20 16 16 13 13 6 6 

12, Use of Slide Rule ... .. .. .. - .• 2 10 26 16 6 31 13 1 3 

13, Use of Logarithms ... .. .. . . - 5 20 14 15 26 16 6 2 4 

14. Use of Calculators •• .. . . .. - 1 5 32 16 6 24 16 . 3 5 

15, The Binary System ... .. .. .. - 1 6 31 16. 2 13 30 3 .6.:L'?: · 

16.:. Car.tesian co-ordinates, plotting ' -":: ' :-: . -
grriphs .. .. .. ... .. .. - 2 8 27 17 12 13 19 3 ·. '7· 

~ ···" .. 
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. , ... ----- ---- --- -- - ----. -·---- -- -- - -- - COVERED REQUIRED 

NO. TOPIC Sat is- Unsatis- Not No Well Not No 
factorily factorily Sure Response Yes Useful No 

... 
Sure Response 

'17, Using graphs to solve simultaneous 
equations •• .. •• • • • • • • - 3 5 29 17 3 16 25 3 7 

18. Statistics -pie charts, bar charts, 
mean, mode and median . . . . •• - 5 6 26 17 4 15 26 3 6 

1 .19. Probability •• . . . . . . . . - 1 5 31 17 6 9 31 3 5 

20. Set notatiorlltheory . . •• .. - - 5 31 18 3 8 28 8 7 

21. Algebra - including solution of 
equations, transposition .. .. - 1 17 22 14 22 16 9 4 3 

22. Arrow diagrams and mappings .. .. - 'l 3 33 17 3 12 24 9 6 

23, Matrices (uses, addition, 
multiplication) .. • • . . .. 1 2 3 30 18 4 6 28 9 7 

24. Angles and their measurement (degrees, 
minutes and seconds) .. .. .. - 7 20 13 14 42 8 1 - 3 

25, Calculating, angles (alternate and 
corresponding, etc,) .. .. •• - 5 21 14 14 36 11 1 2 4 

.26, Constructions (angles, parallel 
lines, angle bise~tors, etc,) .. - 7 15 17 15 32 11 I 5 2 4 

27, Angles of triangles, polygons, etc .. ' 

(i.e. calculation of internal and 
external angles) .. .. • • •• - 7 13 19 15 28 14 3 3 6 

28. Symmetry .. .. .. .. .. •• - 7 4 29 14 10 18 12 8 6 

29, Transformation, geometry of 
reflection, rotation, translation, 
enlargement .. .. .. .. . ... - 1 4 32 17· ,:4 . 9 24 .11 6 

~~: '. 

30, ,Congruent and similar triangles . . -. - . 6 . 6 24 18 f.~ .::1'4 1;:; 17 3 7 ,. 



• ..,...._ -~- ~ <e, COVERED • .· REQUIRED 
·'··"' 

. ,I 

NO, TOPIC Satis- Unsatis- Not No Yes Useful No Not No 
Well factorily factorily Sure Response Sure Response 

....... ·~'"'-"""";a.;::, .. . . .. .. .. .. - - ---- ·- ·- . 

32, The use of scale drawing .. .. 1 6 9 21 17 23 11 8 6 6 
' 

33, Loci .. .. • • .. .. . . I 1 - 8 28 17 11 9 21 6 . 7 

34, Third and first angle projection •• 1 9 18 12 14 36 5 2 6 5 

35, Squares and square roots .. .. 1 .6 20 14 13 
' 

32 14 3 2 3 . 

36, Theorem of Pythagoras . - 7. ' 18 14 15 35 12 1 - 6 .. .. .. __ . 
37. Trigonometry - simple problems 

involving sine, cosine, tangent •• - 3 20 17 14 33 11 4 1 n 

38, Angles of elevation and depression .. - 2 6 31 15 13 16 15 •4 ·6 

39·. Bearing and navigation problems .. - 1 5 30 18 7 7 31 3 6 

40, An appreciation of computers and 
computing .. .. • • •• • • • • - 3 5 29 17 3 13 28 4 6 .. 

41', Wages and salaries - overtime, \ 
piecework, commission, bonus, etc. -.. - 13 23 18 19 19 7 2 7 

42. Deductions from income, i.e. tax, 
National Insurance, superannuation, 
etc. .. .. .. .. .. .. .. 1 - 12 23 18 18 21 6 2 7 . 

43, Simple interest, profit and loss .. 1 - 8 27 18 7 22 17 1 7 . 
44, Compound interest .. .. .. .. 2 - 5 30 17 5 21 19 2 7 

45. Banks - current and deposit accounts, 
cheques, etc. .. .. .. .. .. 1 1 7 28 17 7 25 14 1 7 

46, Rates, rents, mortgages .. .. .. 1 1 7 28 17 8 22 15 2 7 

"" ' 
'., __ .... ~-~ 
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COVERED REQUIRED _)_:;-~l:~: 
I 

! 

NO. TOPIC Sat is- Unsatis- Not ·}:;:.~:iJ!f?,: ---~: .. ;-.; Well No Not~ ' 

factorily factorily Sure Response Yes Useful No l . sure·: '.l{espOns e 

47. Insurance and assurance 1 1 
.... , .... ' ... ·-.. .. .. " "" ~I 0 ~V ~V ~ 

48. Gas and electricity charges, reading 
meters .. .. .. .. .. .. 1 2 5 29 17 7 22 16 . 2 7 

49, G.P.,O. Services - post and telephone 
charges . . .. .. •• .. .. 1 1 5 30 17 5 22 18 2 7 

. !I 50, Hire purchase, discount, depreciation l 1 5 30 17 6 23 16 2 7 
. 

51, Cost of holidays, 24 hr. clock, 
.. timetables , foreign exchange .. .. l 1 5 29 18 5 24 16 2 7 I I 

' 
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Qu,l9 Are there any other areas or topics which you feel are being 

covered? or should be covered? If so, please indicate below. 

-

Covered Required 

Topic Sat- Unsat- Not Not Well isfact- isfact.;. Yes Useful: No 
ox-ily ox-ily Sure ··I. Sure 

. 

Behaviour at 
interviews .. . . X X 

Manners .. .. X X 

Strength of 
materials .. .. X X 

' Moments of force .X X ! .. 
I Stress and stra1n .. . X X 

i :;peUlng .. .. X X . 

Letter writing ! 
X .. X 

Filling in applic-
ation forms .. X X 

General topics • (news items) .. X X 

1\. good apprec1a-
tion of the 
different types 
of industry .. I X X 

' How to present 
i 
; oneself at inter-
' view .. .. .. X X 

. 

' 
' Political history .. X X 

Computer studies .. X I X 
' Humanities .. . . X X 

Environmental 
studies .. • • X X 

Sport .. .. . . X 

Spelling & general 
meaning of words ... . X X 

Report writing ·---.. X X 

I 

Imperial/Metric 
conversions .. X X 

Cutting speeds/ 

I feeds .. . . . . X X 

Industrial/ 
conunercial 
economics .. .. X . 



Qu,l9 (continued) 

Topic 

Spelling·
terminology 

. Wrihng, pr~mang·, 
presentation\" :: 

Transposit~on of 
formulae • . · .. 

Simplification.of 
formulae •• 

··Metrication and 
equivalents 

· Life in a working 
environment 

Industrial 
relations •• 

.. 

Health, safety and 
welfare • . : •. 

Current affairs .. 
• • 

'. Discipline •• 

Well 
Sat

isfact
orily 

Unsat
isfact
orily 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Not 
Sure 
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X 

X 

X . 

X 

X 

X 

X 

X 

X 

X 



"l ... 
§l 
t'l I English ..... 

Physics 
' Cll g 

c.. I Chemistry t'l 

~ 
Cll 

8 "' I Biology zc 
CllC" 
.... "'· t;<D 
\2 n I Foreign 
"' ~ Langauge 
t; 0 
>'J::S 
0 .o-j History 
tl:l fS 
t'l., 
c:: .... 
~ b I Geography 
c::S .,.. "' .... 
>'I '"I 
0 "' I Metalwork 
'0 
:<! 
0 
Cll 
'0 I Woodwork t'l g ... 
< I Technical t'l 

n Drawing 
:<! 

~ ... I Art 
;t> 

:g 
:<! I Religious t'l 

~ Education 
.... 
n gs 

Careers 

0 ... 
Economics :r 

<D 
'1 

"' 
~1 "~·' ~ Education 

~ Commerce/ 
<D Business 
P. Studies 

Machine 
Work 

Physical 
Education 

817 

0 l5 1.3 ~ 

re--

1--

-

r 

RESPONSE {%) 

.... 
0 g g; ~ ~ <0 

0 8 
I 



~ "' ..... 

"' ~ t>:1 z t>:1 
>-l 

NO (%) 

H 
n "' t>:1 I 

"' ::0 
g! 

~ "' 0 ..... z z "' 

1$ ~ .... 
0 0 

• I L 

..... 
0 "' ~ 8 
~ t) 

t>:1 
0 

>-l t"' 

~ ..... z ..... t>:1 z ..... ..... z z 
0 

~ fil 
"' ..... t>:1 
0 

~ t>:1 

"' Cll ..... 

~ 
E; 
..... 
t"' ..... 
>-l 
>< . 

fil 
g 
~ 

REASON FOR DECLINE 
0 ~ "' 0 0 . 

The Teaching o:f 
'Modern' Mathematics 

A Drop in Standards 
o:f School Teaching 

Comprehensive 
Education 

The Social Attitudes 
o:f Parents and Pupils 

to School 

Intake Chosen from a 
Lower Ability Range 

·-- --

YES (')',) 

"" 8 8 0 
I 

-

~ 8 8 
I 

.... 
8 

"" "' 



100 

90 ,- r- .--
,-I- r- f-- r-

r- f.-
~ 

.--
r- r-

80 1- f.- r- r-~ r-

70 f-
.-- [/ 

r-
80 v V v r-- B ~ f.-

/ 
I/ V l/ V l7 17 f- t7 ..... ~ V l/ l/ _r- v f,- r- V I/ l7 C7-

~ V ~ v "" 50 - '/ v V V V e-r- I/ [7 [7 ""' - [? '/ 17 l/ V 1/ l/ 
br- / V V 

1<1 ,- / l/ l/ V V V V 
1/ I/ l/ i/ 

~ I/ l/ !/ l/ l/ t/ V V 1/ l/ ~ / V V V V 
40 - V / / I/ l/ V V V I/ V / i/ / / / V / V "' / V / l/ V V v '/ l/ / I/ V 

"' r- v-V > V V ~ / / / / / / / / fll / V V / / V 
1- l/ / / V '/ I/ / ~ V v-v 17 ~ V / 

'/ V / V / / / / / 30 / V / l/ / V '/ V :r / / / '/ / / 
r-- / V / / I/ V --P~~ V V V / / ;/ 

/ V I/ / / '/ / / V / / / / 
7 f-.- / / v / ~ / V / / V V ~ V V V / 

/ / / ~ / / V / / I/ f- V / V / / ~ / / -V/ / / / / / / / 20 
7/ 7/ / / ~ / / V /~ V V / / / /V/ ~ V / l/ / ~ 1/ / l/ / V / / / V I/ V V / / / [/ I/ IV ~ / 

/ V / 1/V I/ l/ l/ I/ 1/ 1/ I/ ~1/~V V V V 1/l/1/ I/ l/ ~ l/ Vv~;;-vvv I/ V ]/ V V V IV 1/ l/ 1/ l/ 1/ ~ 
[/ V 1/ I/ V V 

10 l/ I/ l/ I/ [/ l/ I/ I/ I/ V V l/ VI/V l/ V lv 1/ V V V 1-VVVl/lvv l/ ~ V V V 1/ V ~ V VI/ V 1/ l/ V IV V V v 1/ 1/ IV ]/ v 
vVS~VVVvvv 

I/ 1/ V ]/ I/ V vvvv l/ 1/[/V I/ ~ l/ V V 1/ 1/ I/ 
I/ V V l/ V 

0 V V V V l/ / / / / / / 
V V l/ V l/ I/ /I/ I/ l/ / / v l/ 1/ V I/ I/ 1/ 

TOPIC l 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 po 31 32 3l 34 35 36 37 pa 39 fro 41 ~ 43 44 45 46 ~7 ~8 49 50 51 

FIGURE 3 - ARE TOPICS BEING COVERED WELl/SATISFACTORILY IN SCHOOLS?: SHADED AREAS SHOW 'NOT SURE' RESPONSE 

en 
VffiEREAS PLAIN AREAS INDICATE NO RESPONSE MADE o 



RESPONSE (%) 

..... 
NO, TOPIC ..... g (>) ol> tn 8 Cl CO 0 

0 0 0 0 0 0 0 
"1 .... 
~ l Whole Numbers 

"' ol> 

I 

;::l 
2 Decimals 

"' I:"' 

"' < 3 Fractions > 
i'i , 
!iJ 4 Everyday Uni 
>-3 

~ .... 5 Percentages g 

~ 
Ratio and c:: 6 Sl Proportion 

>-3 
.... 

Lengths, Areas z 7 

"' and Volumes 
Cl 
::<: 
8 
f;; 8 Circle 

(3 

Sl 9 
Similar 

, Objects 

;::l , 
c:: 10 
.... 
1il 
~ 11 

Indices and 

~ Standard Form 

fil 12 Slide Rule 
Cl 

~ 
>-3 13 Logarithms 

~ 
;::l 

~ 
, 14 Calculator 

D ~ .... 
[;J Binary 
"' 15 

System 
.... ... .... ... 

Cc>-ord ina tes , ~ z 
;::l ;::l t:J 

16 Plotting .... , .... l'l 
Cl "' ~ "' Graphs 11 "' "' 0 0 .... iil .... z z z "' 17 Using Graphs 0 "' 0 l'l 

• . 
g [;'J 
~ 10 c:: 
fi .... 

;::l 
• l'l 

t:J 
• 

IS 



".1 ,NO.I TOPIC 
H 

~ 
~ 118 [Statistics 
or. 

1 ...... 

~ 119 !Probability 

H z 
~ 12o I set 
0 
~ 

121 Algebra 

Arr 
22 Dia 

Map pi 

23 Matrices 

24 Angles 

Alternate 
25 Correspon 

An les 

26 Construct ions 

27 
Angles of 
Triangles 

28 Syuunetry 

29 
'Iransfo 
Geometry 

-
Congruent 

30 l Similar 
Triangles 

31 I Vectors 

32 I Scale Drawing 

33 I Loci 

Third an:! First 
34 I Angle 

Projection 

eg 

RESPONSE (%) 
.... 

IO 
.... ~ ~ or. "' 8 ~ ~ tO 8 0 0 0 0 



I NJ.I TOPIC 
".! . 
.... 
<;) 

~ 135 ,Squares and 
Square Roots .,.. 

' '~ 

8 I 36)Pythagoras 
~ .... 
a I 37)Trigonometry "' t:l 
~ ---· -- . 

Angles of 
38) Elevation and 

Depression 

391
Bearing and 
Navigation 

401
computer 
Appreciation 

41 
Wages and 
Salaries 

42 Deductions 

Simple 
431 Interest, 

Profit and Los 

44 
Compound 
Interest 

45 Banking 

46 1Rates, Rent, 
Mortgages 

47 IInsurance 
Assurance 

Gas and 
48)Electricity 

!charges 

49 lo.P.o. 
Charges 
--
ire Purchase, 

Discount, 
:Depreciation 

:t oflblidays, 
51 ~oreign 

Exchange 

£!: 

RESPONSE (%) 

~ (!) I o ~ t<> 
0 0 8 8 Cl gs CO 

0 

~ 

8 



~0 
~~40 
l:;~~ 

::~~ 
...:10-:1 
!;!~ 30 

~~ o:..: 
~"' 20 _._ 
0~ 
~u~ 
~"' §@Q 10 

~~ 
"' "'1 
0: 0 l!z 

r-

j-1-
1-1-

r-

1-r-
1-

~ 

r-

..--
.--

1-

r-

1-
,--

1-

r-

r-.-
1- h--1--r--- :=I ~ 

I TOPIC 1 12 13 I 41 s 16 17 I SI9110tl1l12ll3114ll5 [l~17j1sl1.912ol21l22l23124125j26l27l2sl2913ol31l32133134jssj3ej37!3s~9~4J~1~42j43l4414.514ej47j4sl49~0 151 
~ 0 

"" ~ •;:.. 

::: 10 
g) 
!:> 
~ 20 
"' .... 
~ 
"' s 30. 
t:l 
~ 

&i 40 -

8 
~ 

~ 

Cl) 50 -a 
~ 
0: 60 

1-
1-

1-

I-I-

.___ 

'--
1-

1-L-

1-1-

14_r-t-~ 
1-

1-
L-

'-

I l__ 

y_~ 
1-

1-
1-LU-

1- L-1-

1-

'-L UL 

FIGURE 5 - RESPONSES INDICATING THAT TOPICS HAVE BEEN COVERED WELL. SATISFA9TORILY OR PNSATISFACTORILY "' ... 



55 

Written Comments Accompanying Questionnaires 

The following extract from a letter sent to the author by a training 

officer contains many points raised frequently during the investigation, 

"The questionnaire covers what has become an emotive subject with 

training officers - certainly in engineering where, at one time it was 

inconceivable that remedial mathematics would have to be given to some 

apprentices - but all those that I am in contact with manage to view 

the situation objectively, despite many being parents of children 

actively controlled by an education system that they firmly believe 

has become an end in itself, rather than a means of preparation for the 

working life that the vast majority of the population has to become 

involved in, 

"You may by now have realised that my answers could be biased by personal 

opinion, but I have used my not inconsiderable experience as an 

engineering training officer to make them realistic, I would ask that 

you do not regard them as an official reply. 

.. f I enclose a description o the aptitude test given to all apprenticeship 

applicants. The standard of pass required for a sUbsequent interview 

depends upon the number of vacancies available, and the general standard 

of applicants which varies from year to year; also the area in which 

posts are offered. We are not obliged to fulfill our target if standards 

are not adequate, In 1976 this Area recruited only 66 per cent of its 

target for that very reason, I am not allowed to let you have a copy of 

the test, 
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"I believe that the education system prepares pupils adequately for the 

exams to be taken. Unfortunately the nature of these, certainly in 

science subjects, bear no relation to the requirements of industry, 

and only give weight to the argument that examinations are unnecessary 

and should be abolished in favour of a system of continuous assessment 

by teachers - teachers who by now are a product of the very system 

itself about which there is so much doubt! 

"r am of the considered opinion that the overall abilities - numeracy, 

literacy, etc. - have declined at an alarming rate since 1968/69 for 

two main reasons. 

"1. Social and political influences having produced vast school 

complexes that leave the individual pupil nothing with which to 

identify himself, resulting in boredom and disinterest. This 

could be reflected in the seemingly large staff movements that 

do take place, my own son having had three English teachers -

all new - in one year. 

"2. The advent of the modern educationalist outlook which does not 

pay due regard to the facts of working life and the needs of 

industry, and adopts the most unrealistic attitudes when attempts 

are made at serious discussion between teachers snd industry to 

try and resolve the problems that beset us. 

"I have taken part in a number of these latter discussions, and find that 

the only factor, and divisive at that, to emerge is that opinions are 

polarised. 
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"Industry, I believe, welcomes new approaches and methods provided that 

they are beneficial and necessary, and not merely an inferior substitute. 

I have heard it said that industry must follow education. The tragedy 

is that experiments in education affect people for life, and can also 

affect the industrial future of a society in a detrimental manner. It 

would seem that do~ is the main armourment of the educationalist and 

inexperienced young teacher. It does not occur to some that in science 

based industries, dealing in matters controlled by scientific laws and 

facts - and, incidentally, backed up by inescapable mathematic proof in 

the 'traditional' sense - that approximations, probabilities and general 

overall concepts are just not on! Basic principles have to be understood 

even to the point that 1 + 1 = 2 is vital to the efficient running of any 

business, and that communication of any kind between people is just as 

important. 

"A favourite expression that comes up at these meetings time and time 

again, is that in ten years time no one will need to be able to add up 

or know tables because they will all have calculators - hence my answer 

to Qu. 14 in the 'Topics' section(l). As to Qu. 14 on the second page< 2 >, 

I would have answered yes in 1971 but not now. Nowadays I find that the 

'O' Level pupil, by virtue of being considered able to do an •o• course, 

has more ability to cope with the change from modern maths. to traditional -

the c.s.E. pupil is being squeezed out. 

(1) 
This question asked training officers to comment upon how well the 

topic of calculators is covered in schools snd whether or not it is a 

useful subject. In this case the training officer answered 'Not sure' to 

each question, and made the point that 'Rubbish in means rubbish out'. 

(2) 
This question asked 'Do you consider c.s.E. Grade 1 to be equivalent 

o an 'o' Level ass?' 
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"The change in examination gradings is not at all helpful to either 

pupil or employer, the latter having to establish new standards, which 

takes time, and the pupil obtaining the new 'non-fail' category 'U' 

certificate becomes a dead duck! 

"As I said, this is an emotive subject and one can get carried away as 

you may have noticed, I do have lots of background information that 

cannot be contained in a letter - I have copies of City and Guilds 

exam, papers from about 1965 1 the standard having remained fairly 

constant but the ability of students having declined," 

The following quotations have been extracted from other correspondence 

received, 

"I am also most concerned at the prospect of a single examination system 

to replace the separate G,C,E,/C.S.E. examinations and feel that this 

l 
. •• 

will lead to a further owering of academic standards, 

" 1 •• The schoo leaving age should be 15, 

"Being a Building and Civil Engineering Company who only employ brick-

layers and carpenter apprentices (craft) as opposed to engineering 

apprentices, our further educational emphasis is on the boys' actual 

craft ability, i,e, to work with their hands, This is why, wherever 

possible, we take advantage of short full-time courses with the emphasis 

on practical work, part-time education in City and Guilds being a 

continuation of the full-time course. In taking boys with the minimum 

requirement in C,S,E. examinations, we have not found that this level 

of education has prevented such boys in being successful in City and 

Guilds examinations, therefore it must be concluded that C,S,E. Mathematics 
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is of a sufficiently high standard for our craft apprentices to be able 

to continue to be successful in City and Guilds Mathematics and other 

allied examinations, Possibly this company is at an advantage because 

for every vacancy we have, there must be at least three applicants 

applying; consequently we are in a better position to pick the most 

suitable boys, .. 

"Even simple addition, subtraction, etc,, gives concern as to 

inaccuracies.'' 

"one problem in particular is that industry is still working in imperial 

units, to a large extent, and schools teach only the metric system, The 

situation is made worse by applicants for craft apprenticeships not 

.. having the ability to convert from one system of units to the other, 

"Retention of the basics, particularly the required topics, seems to be a 

problem, It appears that pupils do very little repetition and practice in 

the classroom, The concept seems to be 'Educate for life' not work," 

"There is no doubt at all that pupils are being encouraged to stay on at 

school, especially those that may get lower 'O' Levels, They are, in my 

opinion, being 'kidded on' that they will achieve 'A' Levels sufficient 

to get them on to higher education, They are also aware of the employment 

situation and some are putting off the effort, hoping that things will 

.. change, 

"Success with any subject, especially concerning the less academic student, 

is dependent upon rousing and maintaining interest, i,e, demonstrating the 

relevance of the subject or particular facet to their needs, present or 

future, It is noted that considerable mathematical ability is possessed 
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by those who indulge in horseracing, etc., in calculating odds and 

winnings, Invariably these people are from the lower end of the 

industrial tree and the facility with numbers has been learnt elsewhere 

than at school - motivation? Coverage of a topic is somewhat naturally 

variable between different schools - or should it be?" 

"I feel that mathematical syllabuses for C,S ,E, are generally relevant 

to our needs as are modern mathematics projects, It may be the case 

that syllabuses need modifying marginally to give more practice in 

arithmetical manipulation, Knowing tables is basic to arithmetic and 

there is evidence that school leavers are not 'imprinted' in this 

respect and are consequently slow and inaccurate iri simple calculations. 

The standard of numeracy and literacy.amongst boys not selected as craft 

apprentices (i,e, those who are offered operative type jobs) is too low 

and schools should apply themselves to this problem as an act of 

.. common humanity. 

"Pupils should be taught how to relate mathematics to everyday life and 

practical problems." 

"I feel that it is essential that schools liaise with the technical 

colleges to attempt to ensure that pupils have the correct subjects for 

college entry." 

"There is too much teaching of fashionable subjects (e.g. social studies); 

too much teaching of Arts subjects not required by industry; too little 

effort put into teaching the skills needed by industry, e.g. to be able 

to recognise whether a piece of metal/wood is 2:ft or 6:ft long and 

knowing how many 6 in lengths can be cut from it, Many pupils are 
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discouraged by teachers from entering industry unless in a 'nice' job, 

i,e, design, sales; physical skills are often decried, The fact of 

life that 'time is money' is often ignored, e,g, time spent learning 

tables as a child pays dividends during working hours, Discipline is 

sadly lacking - both imposed and self-discipline, In an industrial 

" environment, lack of discipline is dangerous and expensive, 

"we feel that the comprehensive system of education is not working -

more intelligent pupils do not learn to their full capabilities, slower 

students tend to get left behind, not only at school and later at work 

but also in life in general, We think that the old method of streaming 

gave students greater opportunities to learn and a better basic 

standard of education," 

"Quality is better than quantity! For the average school leaver it is 

best to be competent at a limited range of topics than not to be in full 

control of a wide range of subject headings," 

"one gets the impression that not enough time is spent on the 'three R's' 

and the standard is much lower than it used to be," 

"I would like to see all mathematical concepts related to real life 

situations, or, in the case of pure maths,, developed from the basic 

mathematics of life and modern living, I believe that a great many young 

people live a less full and interesting life because of their mathematical 

impairment, " 
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Observations on the Questionnaire 

Academic Entry Requirements for Craft Apprenticeships 

It can be seen that the academic entry requirements vary considerably 

from firm to firm, It was apparent that the requirements of the building 

trade were less stringent than those of firms employing engineering 

trainees, There was evidence to suggest that training officers consider 

c,S,E. qualifications to be important and that c.S.E, Grade 3 or above 

in certain specified subjects was the usual standard of attainment 

expected, (Figure 1 indicates subjects of prime importance,) 

Question 1 . 

This was not a good question and was found to be ambiguous, Many 

training officers pointed out that the standard of mathematical ability 

of applicants, as opposed to intake, had decreased, In some cases, they 

argued that if a person was selected then he usually had been successful 

in academic tests, or otherwise he would not have been offered a job, 

guestions 2 and 3 

The author has observed in school that many pupils have little regard for 

neatness and presentation of work, for example in many cases application 

forms are completed without reasonable care and attention, and typical 

selection tests indicate that many candidates lack the ability to set 

down calculations in a neat and logical manner. Responses to the 

questionnaire indicated that training officers felt this aspect was 

important and that more instruction was necessary in schools, The author 

believes that such instruction should begin at an early age and should be 

emphasised as being important, 
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Questions 4 and 5 

It was interesting to note that 40 training officers out of 54 indicated 

that the mathematical ability of their intake had decreased over the 

last 5/10 years, and that a combination of causes was responsible 

(reference Figure 2), 

Questions 6 and 7 

Replies to these questions showed the majority of training officers were 

in favour of reciprocal visits between themselves and schools; however, 

only half of the organisations contacted were implementing such a policy, 

Question 8 

Coursework and continuous assessment were felt to be important, whereas 

in many schools it is the practice that C.S.E, results are obtained by 

examination at the end of the 5th Year, with no credit being given for 

term work or effort, 

Question 9 

The importance of Technical Drawing is highlighted by the findings. 

As a discipline it should help to improve standards of neatness and 

presentation of work, 

Question 10 

It was generally felt that Mathematics, English, Physics, Metalwork or 

Woodwork, and Technical Drawing form a sound base for any pupil intending 

to enter a craft apprenticeship, As only 5 subjects are mentioned, it is 

possible to add Arts subjects to create a well-balanced education (reference 

Figure 1), On two occasions Religious Education was stated to be important 

as there was a need to improve the morals of young people (the training 
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officers assumed that R.E. in schools did this). In the building trade 

physique and fitness appeared to be important, thus indicating a need 

for Physical Education. 

Bearing in mind the results of the survey, a suggested timetable for 

Upper School pupils who wish to enter craft apprenticeships could be as 

follows. 

Consider a 40-period week: 

:; periods, Mathematics 

.. English 

.. Physics 

.. Technical Drawing 

.. Metalwork or Woodwork 

.. ) 
Two other option subjects chosen by pupil .. ) 

3 periods Games/Physical Education 

1 period Religious Education 

1 period Careers Education 

Questions 11 and 12 

It is evident that the majority of selection tests take place during the 

Spring Term and that a large percentage of applicants will be required to 

take a mathematics test. Many firms use their own selection tests. 

Some use the N.I.I.P. and P.T.I. tests. 



Questions 13 and 14 

Some training officers expressed concern regarding the difficulty of 

maintaining equivalent standards for several Mode 3 examinations and 
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a Mode l examination in a particular area. Some expressed doubts about 

Mode 3 examinations and prefer to rely on Mode l, 

Questions 15, 16 and 17 

The author has observed that the work of many pupils in school has been 

retarded by their inability to cope with basic mental arithmetic, 

especially relating to an effective knowledge of tables. The results 

of the questionnaire emphas.ised the need for such ability in the working 

environment. 

Question 18 

This section proved to be most informative. Figure 3 illustrates that 

a large percentage of training officers were unsure of the manner in which 

many topics were being covered in schools. Figure 4 indicates the 

responses made when training officers were asked if topics were required, 

By comparison of these two diagrams it was concluded that many of the 

topics listed may not· be included in selection tests and may not be used 

during the apprentice's training, Figure 5 shows responses indicating 

that topics have been covered well, satisfactorily or unsatisfactorily. 

From inspection of Figure 4 a possible C,S,E. syllabus to suit the needs 

of young people entering craft apprenticeships could be as is shown below, 

Proposed C.S.E. Syllabus 

The four rules applied to whole numbers, decimals and fractions 

Everyday units of length, mass, currency, etc. (metric and imperial) 



Proposed c.s.E. Syllabus (continued) 

Percentages 

Ratio and Proportion 

Lengths, areas and volumes 

Lengths, areas and volumes of similar objects 

The circle 

Approximation and estimation; significant figures and decimal places 

Angles and their measurement (including minutes and seconds) 

Calculating angles, i.e. alternate,corresponding, etc. 
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Construction of angles, parallel lines, angle and line bisectors, etc. 

Angles of polygons, i.e. calculation of interior and exterior angles 

Third and first angle projection 

Squares and square roots 

Theorem of Pythagoras 

Trigonometry - simple problems involving sine, cosine and tangent 

In addition to the above the following topics are also suggested for 

inclusion. 

Logarithms (4-figure) - (needed for computation) 

Algebra - directed numbers, simplification of brackets, common factors, 

simple formula manipulation and substitution, solution of equations -

(strongly requested, especially by engineering training officers) 

Cartesian co-ordinates, plotting graphs - (very useful in science subjects) 

The following topics were felt to be useful but not essential and could be 

included in the syllabus if time permitted. 

Indices and standard form- (as an introduction to logarithms) 

Slide Rule 
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The Use of Calculators 

Symmetry 

Congruent and similar triangles 

Scale Drawing 

Angles of Elevation and Depression 

Wages and salaries 

Deductions from income 

Simple and compound interest 

Profit and loss Considered to be useful for 

Banking "life" but not specifically 

Rates, rent and mortgages for craft occupations 

Insurance and assurance 

Gas and Electricity charges 

G.P.o. charges 

Hire purchase, discount, depreciation 

Cost of holidays, 24 hour clock, etc. 

At the same time as teaching the most suitable syllabus, it is very 

important that the teacher tries to make the work meaningful by the use 

of applications in everyday life. In his thesis, (19), Graham has 

attempted to show methods of applying basic mathematics to practical 

situations. Many simple practical applications, suitable for the c.s.E • 

.. pupil, can be found in Apprentice Maths: Mathematics for the School 

Leaver Entering Craft Employments" by Bajpai and Bond (30). 

The recent H.M.I.'s Mathematics statement (31) endorses these views by 

.. saying that examples of the applications in science, technical subjects, 

geography, economics and from industry and commerce will enliven the 

teaching of Mathematics". 
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Selection Tests 

When discussing selection tests, it was apparent that a large degree of 

inconsistency emerged from firm to firm regarding the length of tests 

and also the amount of knowledge required, Many firms used their own 

tests, others used the N,I,I,P, and P,T,I. tests, All firms testing 

applicants stressed the need for quick and accurate use of addition, 

subtraction, multiplication and division applied to whole numbers, 

fractions and decimals, 

Five sample tests, based on actual selection tests received, are shown 

in Appendix 1, It can be seen that firms A, B and D test many more 

mathematical topics than firms c, E and F. 

With reference to the requirement for speed and accuracy, many C,S,E, 

pupils of Grade 3/4 ability tend to be rather slow and it was suggested 

» fl by training officers that more emphasis on tables and mental arithmetic 

in schools would help, 
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Survey of Opinions of Training Officers in Tyne and Wear 

Introduction 

33 completed questionnaires were received, Once again training officers 

were most willing to assist with the project, 

The findings represent the views of training officers responsible for 

approximately 1800 craft apprentices, 

Analysis of Responses to Questionnaires 

Types of Establishments Contributing to the Survey in Tyne and Wear 

30 firms/training organisations involved with engineering (light, 

medium, heavy, electrical, mechanical, automobile, etc,) 

3 firms/training organisations involved with the building trade 

33 



Academic Entry Requirements for Craft Apprenticeships 

a) Engineering Establishments 

Definition of academic entry requirements 

as written by Training Officer 

"o" Level 

c.s.E. Grade 3 - "o" Level 

c.s.E. Grades 3 or 4 

c.s.E. (no grade specified) 

None 

None specified 

b) Building Trades 

Definition of academic entry requirements 

as written by Training Officer 

Full secondary education 

None 
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Number of 

Establishments 

6 

9 

1 

6 

7 

1 

30 

Number of 

Establishments 

1 

2 

3 



Answers to questions are collated as follows. 

QU. 1 

Qu. 2 

Qu. 3 

Qu. 4 

Are you satisfied, generally, 

with the mathematical ability 

of your craft apprentices on 

appointment? 

Do you feel that pupils in 

schools obtain enough 

instruction in basic printing, 

writing and presentation of 

work? 

Is this important? 

Do you feel that the mathematical 

ability of your intake has 

increased/decreased/remained the 

same over the last 5-10 years? 

Yes 

No 

No Response 

Yes 

No 

No Response 

Yes 

15 

18 

33 

4 

29 

33 

30 

No 2 

No Response 1 

Increased 

Remained 

33 

3 

the same 9 

Decreased 20 

No Response 1 

33 

71 



Qu, 5 

Qu, 6 

If the answer to Qu, 4 is decreased, 

do you attribute this to:-

a) the teaching of modern 

Mathematics? 

b) a drop in standards of 

school teaching? 

c) comprehensive education? 

d) the social attitudes of 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

parents and pupils to schools? No 

e) having to choose your intake 

from a lower ability range 

(i,e, more people staying 

on at school)? 

Yes 

No 

15 

3 

12 

4 

4 

9 

10 

6 

8 

8 

72 

Percentage 

of 

total (33) 

46')', 

9% 

36% 

12% 

12% 

27% 

30% 

187o 

24% 

24% 

No Response 2 6% 

Would you like to see more Yes 29 

consultation between schools, No 

technical colleges and industry Enough 

regarding the contents of school Being 

syllabi, or do you feel that Done 4 

enough is already being done No Response 

in this field? 33 



Qu, 7 Do you feel that Mathematics 

teachers would benefit from 

industrial visits and vice versa, 

and if so: 

a) would you be prepared to 

receive teachers and 

illustrate your problems 

inside the firm? 

b) would you be prepared to 

make visits to schools to 

observe what is happening 

there? 

c) are you already implementing 

a) and b)? 

Yes 29 

No 3 

No Response 1 

Yes 

No 

33 

24 

5 

No Response 4 

Undecided 

Yes 

No 

No Response 

Yes 

No 

33 

26 

7 

33 

11 

16 

No Response 6 

33 

73 



Qu, 8 

Qu, 9 

How do you feel schools can best 

test the progress of their pupils? 

a) by testing at the end of 

every 2 years? 

b) by testing at the end of 

every year? 

c) by coursework and continuous 

assessment? 

d) don't really know 

Others stated:-

combination of b) and c) 

No Response 

Do you feel that all applicants 

for craft apprenticeships should 

have a basic working knowledge of 

Technical Drawing? 

1 

3 

17 

2 

10 

33 

Yes 

No 

No Response 

26 

7 

33 

74 



Qu, 10 Other than Mathematics, what 

subjects taught in schools do you 

feel would be useful to prospective 

craft apprentices? English 33 

Physics 23 

Chemistry 5 

Biology -

Foreign Lang, l 

History 

Geography 

Metalwork 32 

Woodwork 21 

Tech, Drawing 27 

Art 6 

Religious Ed, 

Others: 

Basic Economics 

and Commerce l 

Link Courses l 

Simple Building 

Construction l 

Geology l 

Subjects of Hand/ 

Eye Co-ordination l 

Engineering Science l 

Mechanical and 

Elec, Practice 1 

75 



Qu. 11 

Qu. 12 

Qu. 13 

Qu. 14 

Qu. 15 

What time of year do you select 

your craft apprentice intake? 

Is each candidate required to 

take a Mathematics test? 

Do you understand the difference 

between c.s.E, Modes 1, 2 and 3? 

Do you consider C,S,E, Grade 1 

to be equivalent to an "o" 

Level pass? 

Do you feel it is essential that 

school le avers entering craft 

apprenticeships have a good 

knowledge of tables (up to 

12 X 12)? 

Autumn 

Winter 

Spring 26 

Sunm\er 7 

No Response 

Yes 

No 

33 

25 

7 

No Response 1 

Yes 

No 

No Respon.qe 

Yes 

33 

24 

9 

33 

20 

No 12 

No Response 1 

33 

Yes 29 

No 

Useful but 

not 

important 4 

33 

76 



Qu, 16 

Qu, 17 

Qu, 18 

Do you feel thst school leavers 

entering craft apprenticeships 

require an ability to carry out 

simple mental arithmetical 

calculations? 

Is enough emphasis placed on . 

mental arithmetic in schools? 

Yes 

No 

Yes 

No 

32 

1 

33 

13 

Not Sure 20 

33 

The following is a list of topics which may be found 

in a C,S,E, syllabus, 

Would you please indicate whether you feel that these 

topics are covered in schools 

well/satisfactorily/unsatisfactorily/not sure 

and also if you feel that they are 

required/useful but not important/not required/not sure, 

77 

~· In this instance a summary of responses is shown in Figure 9, 
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Comparison of the Two Surveys 

Generally, training officers in Tyne and Wear were more satisfied with 

the mathematical ability of their recruits than their counterparts in 

Leicestershire and Warwickshire. 

The results of the two surveys corresponded closely and do support the 

many comments expressed nationally by industrialists regarding the 

mathematical ability of school leavers entering industry. 
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Conclusions 

(1) Industry has indicated that young people entering craft apprentice

ships require to be competent in basic mathematical skills, 

especially the four rules applied to whole numbers, decimals and 

fractions. 

(2) The surveys show that many young people who leave school are not 

competent in the basic mathematical skills required by industry. 

(3) Many young people are excluded from craft apprenticeships because 

of their inability to effectively cope with basic mathematical 

concepts. 

(4) It appears that many mathematical topics taught in schools are 

irrelevant to the needs of industry. 

(5) More liaison and discussion between schools and industry would be 

beneficial. Schools should be given the opportunity to explain why 

certain mathematical topics are included in their syllabi and also 

to illustrate how these topics can be used by trainees at craft 

level in industry, e.g. sets, matrices, vectors, the binary system, 

probability, etc •• 

(6) In addition to dissatisfaction with numeracy of school leavers, 

there appears to be similar concern regarding the literacy of these 

young people. 



Chapter 4 

RESULTS OF A SURVEY OF OPINIONS OF LECTURERS IN COLLEGES OF FURTHER 

EDUCATION REGARDING THE MATHEMATICAL NEEDS OF YOUNG PEOPLE ENTERING 

CRAFT APPRENTICESHIPS 

87 

In addition to the research carried out within industrial establishments, 

the author had received vociferous criticisms of the poor standards of 

mathematical attainment of school leavers from local colleges of further 

education responsible for the academic training of apprentices, It was 

therefore considered to be necessary to ascertain the views of lecturers 

in these establishments and to compare their opinions with those expressed 

by training officers, 

It was decided to carry out the survey in Leicestershire, Warwickshire, 

Tyne and Wear, Derbyshire, Nottinghamshire and Northamptonshire, 

39 colleges were contacted, mainly by post and a few by personal visits, 

The Directors of Education of the authorities concerned were most helpful 

and readily granted permission for the colleges to be approached, 

30 completed questionnaires were received and were analysed collectively, 

It was felt that the number of replies did not justify analysis by region, 
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Shown below are questions and responses collated. 

Qu, 1 

Qu, 2 

Qu. 3 

Qu. 4 

Are you satisfied, generally, with Yes 

the mathematical ability of newly No 

appointed craft apprentices? No Response 

Do you feel that pupils in Yes 

schools obtain enough instruction No 

in basic printing, writing and 

presentation of work? 

Is this important? 

Do you feel that the mathematical 

ability of your intake has 

increased/decreased/remained the 

same over the last 5-10 years? 

No Response 

Yes 

No 

No Response 

Increased 

Remained 

the same 

Decreased 

No Response 

4 

26 

30 

2 

28 

30 

30 

30 

1 

10 

19 

30 

88 



Qu, 5 

• 

Qu, 6 

If the answer to Qu, 4 is decreased, 

do you attribute this to:-

a) the teaching of modern 

Mathematics? 

b) a drop in standards of 

school teaching? 

c) comprehensive education? 

d) the social attitudes of 

parents and pupils to schools? 

e) having to choose your intake 

from a lower ability range 

(i.e. more people staying 

on at school)? 

Would you like to see more 

consultation between schools, 

technical colleges and industry 

regarding the contents of school 

syllabi, or do you feel that 

enough is already being done in 

this field? 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 

No 

No Response 

Not Known 

Yes 

No 

Enough 

Being 

Done 

No Response 

14 

2 

7 

4 

4 

4 

7 

3 

11 

3 

1 

30 

30 

89 

Percentage 

of 

total (30) 

47'/. 

7'/. 

23')'. 

13% 

13')', 

13% 

23% 

10';'. 

37'/. 

lOYo 

3')', 



Qu. 7 Do you feel that Mathematics 

teachers in schools would benefit 

from visits to colleges of 

further education and vice versa, 

and if so: 

a) would you be prepared to 

receive teachers and 

illustrate your problems 

inside the college? 

b) would you be prepared to 

make visits to schools to 

observe what is happening 

there? 

c) are you already implementing 

a) and b)? 

Yes 

No 

No Response 

Yes 

No 

No Response 

Undecided 

Yes 

No 

No Response 

Yes 

No 

27 

2 

1 

30 

28 

1 

1 

30 

28 

1 

1 

30 

7 

18 

No Response 5 

30 

90 



Qu. 8 

Qu. 9 

How do you feel schools can best 

test the progress of their pupils? 

a) by testing at the end of every 

2 years? 

b) by testing at the end of every 

year? 

c) by coursework and continuous 

assessment? 

d) don't really know 

Others stated:-

combination of b) and c) 

by testing every 2 months 

No Response 

Do you feel that all applicants 

for craft apprenticeships should 

have a basic working knowledge 

of Technical Drawing? 

4 

13 

3 

9 

1 

30 

Yes 

No 

20 

9 

No Response l 

30 

91 
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Qu, 10 Other than Mathematics, what 

subjects taught in schools do you 

feel would be useful to prospective 

craft apprentices? English 26 

Physics 26 

Chemistry 6 

Biology 3 

Foreign Lang, 

History 

Geography 2 

Metalwork 26 

Woodwork 12 

Tech. Drawing 26 

Art 2 

Religious Ed, 1 

Others: 

Engineering 

Technology 2 

Reading 1 

Sociology 1 

Qu, 11 Would a C,S,E, option subject Yes 12 

"Mathematics for the Craftsman" No 8 

be beneficial in addition to Not Sure 10 

tl lt present C,S,E, Mathematics 
30 

(i,e, as with Pure Maths, and 

Additional Maths. at 'o' Level)? 
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Qu. 12 Do you consider c.s.E. Grade 1 Yes 9 

" " to be equivalent to an 0 Level No 20 

pass? No Response 1 

30 

Qu. 13 Do you :feel it is essential Yes 27 

that school leavers entering No 

craft apprenticeships should Useful but 

have a good knowledge o:f not 

tables (up to 12 x 12)? _ important 3 

30 

Qu. 14 Do you :feel that school leavers Yes 26 

entering craft apprenticeships No 

require an ability to carry Useful but 

out simple mental arithmetical not 

calculations? important 4 

30 

Qu. 15 Is enough emphasis placed on Yes 

mental arithmetic in schools? No 17 

Not Sure 12 

No Response 1 

30 



Qu. 16 The following is a list of topics which may be found 

in a c.s.E. syllabus. 

Would you please indicate whether you feel that these 

topics are covered in schools 

well/satisfactorily/unsatisfactorily/not sure 

and also if you feel that they are 

required/useful but not important/not required/not sure. 
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NO. 

. 

I 2,, 

';'3_~-. 
4. 

6·. 

7:. 
. 

8. 

10,. 

11, 

12, 

13, 

14 •• 

15_, 

16. 

• 

TOPIC. 

~::-,-.--... <'.;~.~"'· !•'-
:.A~ddi tion, Subtrn<;t:j_on; Mu1 t1p1ication 
·~' ._, ..... . -....z-./ ~~-.' ·. 
• and Division co~.;•-)V.!iole• numbers •• 

Addition, Subt~abtion, !.!ultip1icat1on 
allct DivisiOn.:..·e,;f :'decimals • • • • • • 

--· '~--:. 

Addi tion/;\:jiil:ltr'action, Mu1 tiplicat ion 
and Divisioi(o!\1:ractions .. .. 

Everyday' ui):i_t_$ o{ Length, Mass, 
. ' _" ~ ~-

Currency,, ijtc.-~'·~··~-i: • • • • 

.. .. .. 
Ratio arid Pro!l'ottion .. 
Lengths, Ar~as- iind Volumes (i,e.o 
cylinder; cbbe',··.'iltc.) • • • • 

The Circle, O.i'ector, arc, etc.) · 
-· ~:.:..:-'.-,' ·- . 

Lengths, Areas·.,and Volumes of 
similar objec;ts; •• 

Approximation:_and Estimation 
(sig. figs.~, :tie~~ places) . ..- _. ... _-

Use of Slici~;-rt~i'e . . .. 

.. 

.. 

.. 

. ; 
---~ 

.. 

.. 

.. 

.. 

.. 
Use of Log:i~J thms .. . . . . . 
Use of Ca1dul.t{t'6rs •• ,' .. -__ . -. 

_·_ Cart<isian':-:f~BD'tO:inates, 
_ .. :gr_aPhs- ';.:~::~~ :- · .. .-. • . 

p~ott ing (,:;.L 
.. • •".-'<:.::;~~,:,>~'~:,:; 

Well 

7 

1 

1 

5 

1 

1 

1 

. 

Satis
factorily 

9 

9 

4 

8 

9 

4 

10 

7 

7 

2 

1 

4 

2 

3 ·; , .. 

9 

COVERED 

Unsatis,.;_. 
factorily 

.·-_I\ .. 
7 

14 

19 

10 

13 

19 

13 

15 

13 

18 

21 

8 

17 

9 

8 

Not 
Sure 

1 

1 

1 

1 

1 

l 

1 

1 

2 

2 

2 

9 

·No 
Response 

6 

5 

5 

6 

6 

5 

5 

7 

8 

8 

7 

12 

2 7 

7 12 

7 12 

REQUL'lED 

Yes·· Useful 
Sure 
Not 

No 

30 

30 

27 

29 

26 

23 

27 

24 

20 

20 

17 

4 

14 

9 

3 

16 

' .. ---
2 

1 

···•:A 

3 

5 

1 

-: 
5 2 . 

9 

10 1 

9 12 

12 1 

14 6 

11 12 

9 2 

1 

3 

2 

2 ;· 

1 

..-... · 
. ···r·Nd_:!>:·'-/ _· 
Response 

1 

3 

1 

2 

1 

1 

2 

2 



NO. TOPIC 

i'i ' . Using graphs to solve simultaneous 
equations •• •• •• •• •• .. 

18. Statistics - pie charts, bar charts, 
mean, mode and median • • • • • • 

' 19. Probability . . .. . ; 
20. Set notation/theory 

21. Algebra - including solution of 
equations, transposition •• .. 

22. Arrow diagrams and mapping .. 
23. W.atrices (uses, addition, 

V/ ell 

--

COVERED 
. 

Sat is-'·.· Unsatis- Not 
factorily factorily Sure 

1 11 6 

3 9 8 

1 6 13 

2 2 13 

21 1 

l 3 14 

REQUIRED 

No 
Response 

Yes Useful No 

12 . 9 8 
11--=--i-_;:- 7 

10 7 9 9 

10 4 6 16 

13 4 18 

8 23 5 

12 1 6 17 

Not No 
Sure Response 

1 5 

3 2 

1. 3 

4 4 

1 l 

4 2 

multiplication) • • • • • • • • - 1 4 19 4 2 
··~-r--~------------~~--+-~------r-----+---r-----~~----+-~--+-----~ 

2 14 12 

24. 

26. 

27. 

28. 

29. 

Angles and their measurement (degree! 
minutes and seconds) . . • . • • 

Calculating angles (alternate and 
corresponding, etc.) •• •• 

Constructions (angles, parallel 
lines, angle bisectors, etc.) •• 

Angles of. triangles, polygons, etc. 
(i,e, calculation of internal and 
external angles) •• •• •• 

Symmetry .. . . . . . -... 
Transformation, geometry of 
reflection,. ~otation, .translation, 
eniargenlerit'_, . ·-~~· • • • • • • 

.. 

.. 

.. 

.. 

.. 
30, ·Congruent and.similar triangles 

.. 

2 6 14 

6 14 

2 8 9 

7 11 

. 8 6 

2 3 

:::. 3 10 

2 6 25 5 

3 7 19 7 2 1 1 

4 7 18 9 1 1 1 

5 7 17 10 2 l 

8 ' 
8 10 12 6 1 1 

14 11 2 lO 13 3 2 

7 lO 9 11 7 1. 2 

"' Cl 



·. 

NO, TOPIC 

" .. • • .. . . ,.-
32. Th~'.use of scale drawing •• 

LOCi· .. .. .. .. .. 
34, Third and first angle pro.jection 

35, Squares and square roots 

36, Theorem of Pythagoras 

37,. · Trigon~metry - simple problems 
·:. .. · .. ihvol ving sine, cosine, tangent 

.. 

.. 

. . 

.. 

.. 

.. 
•• 

38. <Angles of elevation and depression , , 

39. Be('ring and navigati9ir. pr,oblems. ·., 
•' - . -. .. _. . ~ .. ," "'. ·-

40. 

,41. 
'-~' 

An aP.preciation of comp\lt(;J:.s·' >fri:ct'' 
com-puting • • • • 

Wages and salaries - overtime, 
piecework, commission, bonus, etc. 

Dedudtions from income, i.e; tax, 
National Insurance, superannuation, 

. etc.-· . • • . 

43;;)· ·;simple inter!"st; profit and loss 

Compound interest 

Banks - cur~ent and 
t

,. 
cheques, e .,c., . _• 

.. 
deposit 

·~_;. -. 

.. 

.. 

.. 
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Written Conunents Accompanying Questionnaires 

"Whilst the mathematical level of most students is satisfactory, this 

is probably due to selection at interview by the firms, Having carried 

out some of the interviews the rejection rate is extremely high ( in the 

region of 807,) and it would appear that many of those who fail such 

interviews/pre-testing are from particular schools. It would appear 

that:-

a) there is no conunon core of mathematical teaching in our schools 

b) many pupils are classed as mathematically incompetent at an 

early stage 

c) mathematical concepts are not sufficiently covered in schools 

d) insufficient time is allowed in schools for practice once, and if, 

" a mathematical concept has been understood. 

The following quote is from a Principal of a College of Further Education:-

"With regard to recent work carried out by the Sheffield Regional Centre 

for Science and Technology (reference their report 'Numeracy and School 

Leavers') and the recent investigations carried out by the Engineering 

Industry Training Board -

'The weakness of both these surveys is that they tend to dodge one of 

the main issues, which is why schools are adopting Modern Mathematics 

approaches, knowing full well that much of the material covered in a 
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Modern Mathematics course will have little or no practical value in 

a work situation of the type in which most of the young people going 

through the courses will eventually find themselves. 

'In the East Midlands area, after carefully considering the problem 

at what seems to me to have been an innumerable number of meetings and 

conferences, it has been recommended to the schools in our area that 

they adopt the E,M.R.E,B. c.s.E. Mode 1 Mathematics syllabus, as this 

includes most of the Mathematics which we would normally regard as 

being desirable for apprentices and young people entering industry and 

commerce, It is true that we would like to see either the traditional 

" " ... or the semi-modern alternatives in every syllabus adopted, 

Other comments were:-

"Syllabus too broad for engineering craft apprentices; priority should 

be tables, arithmetic rules, mental arithmetic, percentages, fractions, 

decimals, areas of common figures. No other topics should be introduced 

until numeracy to this level is absolutely familiar." 

"Provided the student is motivated and has the basic mathematical 

principles together with a sound knowledge of his tables, he will succeed 

on a craft course. '' 

"Calculators are being used indiscriminately, e,g, students will use them 

on very simple calculations which could be accomplished through simple 

mental arithmetic." 

I 

I 

·I 
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"some students who have good c.S.E.s in Modern Mathematics have :found 

it almost impossible to tackle the G* Mathematics and have been unable 

to tackle other than the City and Guilds 200 course." 

"Most students leaving school with a good knowledge o:f number, decimal 

and vulgar fractions plus a basic knowledge of geometry and trigonometry 

and some elementary algebra would be acceptable as a craft apprentice • 

Any further mathematical knowledge would be useful but not essential. 
.. 

"General opinion is that one of the greatest problems which the largest 

percentage of craft apprentices experience is their inability to retain 

and store given information over any length of time unless it is 

repetitive. This could be attributed to day release as opposed to block 

release where the student is under constant tuition and interest can be 

maintained." 

"During the last five years, the engineering industry has failed to 

attract the calibre of recruit that it previously did. We believe that 

school leavers have the sense and sophistication to avoid it in favour 

of something more acceptable. Employers, probably misled by the 

introduction of c.s.E., and bemused by modern maths., realise that their 

recruits do not know their arithmetic but do not always sense that it is 

the recruit who is lacking and ~ the schools. Thus they tend to blame 

the schools in general and, often, modern maths. in particular." 
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A Comparison Between the Results of the Surveys of Industrial Training 

Officers and Lecturers in Colleges of Further Education 

1) Generally the findings of the survey of lecturers correlated 

closely with those of the survey of training officers, 

2) Coursework and continuous assessment was favoured as a method 

of assessment of progress, 

3) It is interesting that only 40 per cent of lecturers felt that 

" i . .. an option subject Mathemat cs for Craft Apprentices would be 

beneficial, 

4) Once again subjects considered to be useful indicated the need 

for English, Physics, Metalwork, Woodwork and Technical Drawing. 

5) The main contributory factor to the decline in mathematical ability 

was thought to be the teaching of modern Mathematics, although 

nearly 40 per cent of lecturers questioned felt that their intake 

was chosen from a lower ability range than 5-10 years ago, 

6) The mathematical requirements of apprentices as defined by 

lecturers were very similar to those noted by training officers, 

A greater percentage of lecturers, however, specified ratio and 

proportion, use of the calculator, percentages, co-ordinates, 

plotting graphs, using graphs and algebra as being important, 
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7) From the responses made it appears that lecturers are in a 

better position to judge whether individual topics have been 

covered well, satisfactorily or unsatisfactorily during a school 

mathematics course, 

In addition to the foregoing findings it is interesting to make special 

mention of the opinions of twenty members of the lecture staff of 

Chesterfield College of Technology who produced a discussion document 

in 1977 (32). 

They believe that, in general, students who enter college courses and 

take Mathematics as a first year subject have basic common deficiencies 

irrespective of the course they have followed at school. Inadequate 

numeracy was typified by counting on fingers and working out simple 

arithmetic in the margin, e,g, 4 x 2,6, 

They found that there was an obvious lack of continued practice by all 

students in the use of decimals and fractions, which were needed at a 

very early stage by some students, e,g, resistor values in parallel and 

micrometer readings. They also mention that students have a laclt of 

understanding of negative numbers and algebra, 

Further,the lecturers were critical of the different modes of school 

course and examination with respect to the lack of uniformity of 

standards, This becomes more important when it is realised that students 

with c.s.E. Grade 1 are all~ved to commence T,E,C, Mathematics 1 Unit 

Level 2 without first working through Unit Level l, A C,S,E, Grade 3 

will qualify a student to study Unit Level l. In both cases certain 

basic skills will be expected, 
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The lecturers felt that much of the school time of students taking 

G.C.E. (Modern) and some c.s.E. Mode 3 Mathematics courses is devoted 

to the acquisition of a new and not immediately useful vocabulary. 

This time, they felt, is spent at the expense of regular repetitive 

practice of fundamental mathematical manipulations. 

Multiple choice examinations were also criticised as it was felt they 

provided no requirement for reasoned argument or algebraic and 

arithmetic accuracy. 

It appears, therefore, that schools have an essential role in preparing 

pupils to have the basic mathematical skills required in order to 

satisfactorily undertake a further course of study at a college of 

further education. This applies both to the T.E.c. courses and the 

" tt craft courses, e.g. 200 Series Basic Engineering Craft Studies • 



Chapter 5 

ANALYSIS OF TilE PERFORMANCE OF FINAL YEAR c.s. E. PUPILS WHEN 

A'ITEMPTING A TYPICAL MATHEMATICS TEST AS USED DURING SELECTION 

PROCEDURES FOR EMPLOYMENT OF CRAFT APPRENTICES 

Introduction 
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During the first six months of the research programme, the author visited 

and spoke to many training officers who select and employ craft 

apprentices. They showed him completed Mathematics test papers and 

highlighted the deficiencies in the mathematical knowledge of applicants, 

especially concerned with the four rules applied to whole nwnbers, decimals 

and fractions. 

It was felt that it may be an interesting exercise to compile a Mathematics 

test similar to those used in industry and to test the 5th Year c.s.E. 

pupils at a comprehensive Upper School. The test was designed to cover 

basic topics and included both metric and imperial systems of measurement. 

Testing was done in February 1977, at the time of year when most firms 

select their next intake of school leavers. It was considered that the 

results should be indicative of the pupils' performance levels when 

required to take similar tests during interview procedures. 

The pupils were not forewarned Of the test and were given no time to 

revise, the aim being to assess their working knowledge of various 

mathematical processes. It was intended to compare performance of boys 

and girls to see if there was any noticeable difference. The author 

hoped the test would identify areas of weakness and would either verify 

or contradict statements made by industrialists. 
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Teachers at the school involved were shown the test and were invited 

to estimate what percentage of pupils would give the right answer to 

each question. The purpose of this was to ascertain whether the teachers 

generally over-estimated or under-estimated the pupils' performances. 

The Test 

The test (as',shown on pages 115, ,ll6and,ll7), consisted of 25 questions 

mainly concerned with the four rules applied to whole numbers, decimals 

and fractions, but also included were questions on percentages, area, 

simple algebra and the circle. Two questions were included to test the 

pupils' knowledge of the imperial system. Each question was given one 

mark, the maximum mark obtainable being 25. The questions concerning 

algebra and the circle (Nos. 23 and 24) had two parts worth half a mark 

each. 

Although algebra and the circle may not appear in many definitions of 

" tt the common core , knowledge of these is required by prospective craft 

apprentices and this it was decided to include the questions. 

The teachers claimed that all the topics incorporated in the test were 

included in the school's c.s.E. syllabus and therefore the pupils should 

have been conversant with them (although a few forms may not have dealt 

with the circle at the time of the test). 

35 minutes was allowed for the test, which compared favourably with the 

time allocation for similar tests in industry. 
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An Analysis of the Ability Range of Pupils who took the Test 

The 5th Form at the school could be analysed in their mathematical 

ability ranges as follows, 

C,G,E. pupils following a G.C.E, Mathematics course 

Pupils taking some G,C.E, and some c.s.E. subjects 

and following a c.s.E. Mathematics course 

c,S,E, pupils following a C,S,E, Mathematics course 

in addition to other C,S,E. subjects but no 

G,C,E. subjects 

Pupils in the General Education Department doing 

neither G,C,E, nor C,S,E, Mathematics 

118 (16%) 

71 (10'7.) 

356 (50%) 

172 (24%) 

717 

The pupils who took the test were from those studying all C,S,E, 

subjects (chosen because most firms ask for C,S.E, subjects when 

selecting craft apprentices), If the pupils were placed in order of 

ability, the sample tested would lie between the 24th and 74th percentiles, 

The sample tested excluded 71 pupils foll~ving a mixed course of 

G,C,E, and c.s.E, subjects. They would be expected to have obtained 

above average results, It is anticipated that this type of pupil, if 

applying for an apprenticeship, may well be technician material, 
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MATHEMATICS TEST 

Time Allowed - 35 minutes 

Do Not Write on this Sheet -Fill in Answers Only on Answer Page Provided 

l. 337 + 189 + 993 

2. Subtract 179 from 236 

3. Divide 684 by 9 

4. Multiply 797 by 8 

5. What is the stun of £1.55, £103.40, £116.97? 

6, Subtract £1.19! from £28.00 

7. I buy 27 articles costing £3,21 each, 11hat does the bill amount to? 

8, I buy 35 articles and the total bill amounts to £77.00, How much 

does each article cost? 

9, 1.923 + 139 + 0,00215 

10, Work out 28.6.x 4.70 

11. Divide 256 by 0.16 

12. A quarter of my money is £8,50, How much do I have. 
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13. A piece of wood is cut as in the diagram. 

What is its area? . 

'\ . ~ 
. i 
~ 

LJtmJ 
14. 2a x 11 

3 
16. Convert i6 to a decimal 

17. Express 0.625 as a fraction 

18. How many cm in 32m? 

19. In a school of 600 pupils, a survey shows that 240 like the 

Bay City Rollers. What percentage of pupils is this? 

20. I have £150 in the bank. If I withdraw 20Yo of my money how much 

do I receive? 

21. How many ounces in 3! lb? 

22. How many inches in 3i ft? 

23. The formula connecting Voltage, Current and Resistance is V = IR 

(a) Rearrange the formula to make I the subject 

(b) If I = 3.2, R = 25, calculate V 
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24. A circle has diameter 10 cm. 

(e) Calculate its circumference 

(b) Calculate its area ( 7\ "' 3.14) 

25. 

X 

Calculate X 

-
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Results of Test 

The overall results of the test are sh~vn on page 121. It was found that 

the mean score for all candidates was 13. There appears to be no 

significant difference between the performance levels of boys and girls. 

Tables 1, 2 and 3 show the breakdown of how individual questions were 

attempted. lt is interesting to note that the questions with the least 

number of correct answers were:-

Question 17 (4.5l'o correct) - conversion of decimals to fractions 

Question 16 <a.w. correct) - conversion of fractions to decimals 

Question 15 (16. 5')', correct) - division of fractions 

Question 25 (16.5% correct) - addition and subtraction of fractions 

Question 11 (20.3% correct) - division of a whole number by a decimal 

Other comments arising from the results are:-

1) Multiplication of whole numbers and decimals seems to be an area 

of weakness (reference Question 4 (71.8% correct) and Question 10 

(53.87• correct)). 

2) Question 9 (62% correct) illustrated the fact that many pupils 

are not competent in addition of decimals. 

3) Question 11 showed weakness in division by a decimal. It may be 

argued that this type of calculation is not often used by a c.s.E. 

pupil in the current syllabus, although the process will have been 

taught at the beginning of the 4th Year and also in the High School. 



The same comments could apply to Question 15 (division of 

fractions). 
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4) Question 13 (39,1% · correct), concerned with calculation of area, 

caused many problems. It can be argued, however, that.some of 

the difficulties experienced stemmed from the pupils' inability 

to divide the shape into a rectangle and a triangle in order to 

find the total area, 

5) The poor results obtained in Questions 16 and 17 may be due to 

the fact that problems in the classroom are solved using either 

fractions or decimals and that direct conversions like this, 

although the pupils have met them, are not practised regularly, 

6) Question 19 (28,2% correct) was concerned with percentages, The 

results for this question were most disappoint.ing since C,S,E, 

pupils at the school used percentages frequently, although 

Question 20 was more typical of the type of problem experienced 

by pupils in genersl, 

7) The results of Question 20 (58,6f, correct) were more encouraging 

but still indicated a lack of knowledge by many pupils. 

8) Questions 23 and 24 were not well attempted, 

9) It may be argued that failure in Question 25 was the result of an 

inability to define the steps required to obtain the final answer, 

The question was involved because it tested two concepts: 
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a) the interpretation of a diagram into a mathematical problem 

and 

b) addition and subtraction of fractions, 

As well as being a fairly complex question, it was last on the 

3 9 3 
paper. If the question 44- 116 - ~had been set as, say, 

Question 13 1 the results may well have been higher. 



NUMERACY TEST - OVERALL RESULTS 
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Boys ••• 

Boys and Girls Combined ... 
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Total number of points scored 

Median score 

Mean score 

Standard deviation 
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Total number of points scored 

Median score 

Mean score 

Standard deviation 

= 

"' 

= 
= 

= 

= 
= 
= 

= 
= 
= 
= 

= 
= 

= 
= 

= 

= 

= 

= 

= 

= 

= 

= 

121 
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143 

37 

20.5% 

1829 

12.7 

12.8 

4,33 

176 

123 

53 
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1641,5 

12.8 

13.3 

4,57 

356 

266 

90 

25. 3')', 

3470,5 

12.7 

13 

4,44 
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RESULTS OF NU~fimACY TEST. - BOYS AND GIRLS COMBINED 

The tables show the percentage of pupils who obtained correct and incorrect 

answers to questions and also indicate the percentage who did not attempt 

questions. 

TOTALS (266) 7· 
QUESTION No No 

Correct Incorrect Correct ID.correct 
Answer . Answer - -

1 246 19 1 92.5 7.1 0,4 

2 249 17 0 93.6 6.4 ·.o 
3 2ll 

. 

53 2 79.3 19.9 0,8 

4 ' :t91 7l 4 71.8 26!,7 1.5 

5 213 27 26 80.1 10.1 9;8 

6 170 88 8 63.9 33.1 3.0 

7 215 50 1 80,8 18,8' 0,4 

8 177 73 16 66,5 27,4 6,1 

9 165 98 3 62,0 36,8 1,2 

10 143 ll8 5 53,8 44,4 1,8 

ll 54 159 53 20,3 59,8 19.9 

12 2ll 51 4 79,3 19,2 1,5 

13 104 lll 51 39,1 41,7 19,2 

14 92 141 33 34,6 53,0 12,4 

15 44 125 97 16,5 47,0 36,5 

16 23 124 119 8,6 46,6 44,8 

17 12 75 119 4,5 28,2 67,3 

18 197 44 25 74,1 16,5 9,4 

19 75 128 63 28,2 48,1 23,7 

20 156 68 42 58,6 25,6 15,8 --
21 165 66 35 62,0 24,8 13,2 

22 154 78 34 57,9 29,3 12,8 

23 All Correct 34 79 97 
12,8 

36,4;:, .. 29,7 
23 One Part 56.:· 21,1 ... :·:~~x:. 

Correct 
24 All Correct 45 

77 76 
16,9 

28.9 28,6 

24 One Part 68 25,6 
Correct ,.,, .. 

25 44 ll4 108 16,5 42,9 40,6 
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PERCENTAGE TOTALS FOR BOYS AND GIRLS (SEPARATELY) 

.I -.. 

BOYS ·•. GIRLS 

QUESTION % % % % ')', ')', 

Correct Incorrect No Correct ·Incorrect No 
Answer AilSwer 

1 94,3 5.7 0 90,9 8,4 0,7 

2 92.7 7.3 0 94,4 5,6 0 

3 80,5 18.7 0,8 78,3 21.0 0.7 

4 71,5 26.8 1,6 72.0 26,6 1,4 

5 77,2 10.6 12,2 82.5 9,8 7.7 

6 64,2 33.3 2,4 63,6 32,9 3,5 

7 78,9 21.1 0 82.5 16,8 0,7 

8 61,8 30,9 7,3 70,6 24,5 4,9 

9 65,0 34.1 0,8 59,4 39,2 1.4 

10 57,7 40,7 1,6 50,3 47,6 2.1 

ll 26.0 52,8 21.1 15,3 65.7 18,9 

12 83,7 16.3 0 75,5 21.7 2.8 

13 49,6 40,7 9,8 30,0 42.7 27.3 

14 25,2 60,2 14,6 42.7 46,9 10,5 

15 9,8 50,4 39,8 22,4 44.1 33,6 
'----

16 10,6 45.5 43,9 7,0 47.6 45,5 

17 6,5 33,3 60,2 2,8 23,8 73,4 

18 73,2 22,8 4,1 . ·.74,8 
··'. 

11.2 14,0 

19 34,1 51.2 14,6 . 23.1 45,5 31.5 

20 65,0 26.8 8,1 53,1 24,5 22,4 

21 56,1 32.5 11,4 67,1 18,2 14.7 

22 61,0 29.3 9,8 55,2 29.4 15,4 

23 All Correct 17,1 32;5 29,3 ~.1 27,3 42,7 . 
23 One Part 21,1 21,0 

Correct 
24 All Correct 13,8 

38,2 22,8 19,6 
21.0 33,6 

24 One Part 25,2 25,9 Correct 
25 19,5 48.8 31,7 14,0 37,8 48,3 

I 
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FREQUENCY DIST!llBUTION TABLE OF SCORES 

BOYS GIRLS BOYS AND GIRLS 

SCORE 

Frequency Cumulative 
Frequency Cumulative Frequency 

Cumulative 
Frequency Frequency Frequency 

0 0 0 0 0 0 ' " 0 
0,5 0 0 0 0 0 0 
1 0 0 0 0 0 0 
1,5 0 0 0 0 0 0 
2 0 0 0 0 0 0 
2,5 0 0 0 0 0 0 

····~ 

3 2 2 1 1 3 3 
3,5 0 2 0 1 0 3 
4 1 3 0 1 1 4 
4,5 0 3 0 1 0 4 -5. 0 3 6 7 6 10 
5,5 1 4 1 8 2 12 ·-
6 1 5 2 10 3 15 
6,5 0 5 1 11 1 16 . 

7 5 10 10 21 15 31 
7,5 1 11 1 22 2 33 
8 7 18 5 27 12 45 
8,5 1 19 :l 29 3 48 
9 10 29 6 35 16 64 
9.5 0 29 2 37 2 66 

10 7 36 4 41 11 77 
10,5 3 39 1 42 4 81 
11 4 43 9 51 13 94 
11,5 3 46 6 57 9 103 
12 8 54 8 65 16 119 
12.5 6 60 7 72 13 132 ----- ·- ·------··-·-
13 5 . 65 9 81 14 146 
13,5 4 69 5 86 9 155 
14 6 75 5 91 11 166 
14,5 2 77 2 93 4 170 
15 8 85 5 98 13 183 
15,5 6 91 2 100 8 191 
16 4 95 6 106 10 201 
16,5 1 96 5 111 6 207 . _., ------
17 3 99 6 117 9 216 

---~ r· 17,5 0 99 7 124 7 223 
, .. 

18 3 102 4 128 7 230 
18,5 3 105 2 130 5 235 .. 
19 3 108 4 134 7 242 

~.5 1 109 2 136 3 245 
20 2 111 1 137 3 248 
20,5 3 114 3 140 6 254 ------ ·-- ---
21 2 116 1 141 3 257 
21,5 1 117 1 142 2 259 
22 1 118 0 142 1 260 
22.5 3 121 1 143 4 264 
23 

···-::--
123 143 2 0 2 266 

23,5 0 123 0 143 0 266 
24 0 123 0 143 0 266 

" . 
24,5 0 123 0 143 0 266 
25 0 123 0 143 0 266 
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Teachers' Expectations of Students' Performances 

Teachers were asked to estimate what percentage of students would give 

the right answer to each question (for Questions 23 and 24 they were 

asked to estimate how many pupils would answer at least one part 

correctly). The means of the estimates (M%) for seven teachers were 

compared with the actual scores for the whole sample of pupils and the 

results were as shown in Table 5. 

The following points arise from the results:-

1) For many questions the expectations of teachers were not high, 

thus indicating that teachers appreciate that difficulties are 

experienced by pupils in certain areas. 

2) Teachers' estimates varied considerably on some questions, 

e.g. Questions 21 and 22 range from S7o to 90%, Question 25 from 

zr, to 60%, Question ll from 157. to 75%, etc. 

3) It was interesting to note that Questions 15, 16, 17 and 25 were 

all over-estimated and that Questions 21 and 22, concerned with 

the imperial system, were under-estimated. 

Appendix 2 consists of graphs showing comparisons between individual 

teachers' estimates and actual overall scores. 
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TEACHERS' ESTIMATES COMPARED WITH ACTUAL OVERALL SCORES 

Teachers' Estimates of Correct Answers Actual , 1:···; ·, Overall·' QUESTION 
A B t. c D E F G Mean M Score S M -s 

' 
% % c;'o % % % % % % % 

1 90 99 99 95 9S 95 95 95,9 92,5 + 3,4 

2 so 90 60 so 80 90 90 81,4 93,6 - 12,2 

3 75 80 50 70 85 85 70 73,6 79,3 - 5.7 

4 75 80 75 70 90 90 80 80.0 71.8 + 8.2 

5 85 85 90 80 95 90 80 86.4 80.1 + 6.3 

6 65 70 50 60 80 so 70 67.9 63,9 + 4,0 

7 60 70 65 60 80 80 70 69,3 80,8 - 11.5 

8 50 60 40 50 80 75 60 59,3 66,5 - 7.2 

9 65 70 70 65 80 75 so 72.1 62.0 + 10 .• 1 

10 . 70 60 60 60 75 60 70 65,0 53,8 + U:.2 
.<' 

11 30 20 15 50 75 40 30 37.1 20,3 + ;J.6iB 

12 50 30 70 65 85 60 70 61,4 79,3 - 17;9 

13 40 30 35 50 70 50 . 70 49,3 39,1 ,!' .io. 2. 

14 20 30 40 60 65 40 50 43,6 34,6 . '+:; 9,0 

15 5 30 20 55 50 35 40. 33,6 16,5 + 17,1 

16 10 20. 40 20 60 20 30 28,6 8,6 + 20.0 '. 
17 ;. 20> 

'·-;· : 
20 30 20 60 20 30 28,6 4,5 + 24,1 

18 I 75 35 60 45 75 90 80 65,7 74,1 8,4 -
19 60 30 40 40 50 70 60 50,0 28.2 + 21.8 

20 50 .• · . 35 65 40 70 80 60 57,ib 58,6 - 1.5 .. 
21 .,".·.to~· 5 30 15 70 90 60 40,0 62,0 - 22,0 

. . .': ~ . .' . 

22 10" 5 30 20 70 90 60 40,7 57,9 - 17.2 

*23 10 25 30 40 60 30 70 37,9 33,9 + 4.0_ 

*24 ,50 20 25 55 75 30 60 45,0 42,5 + 2,5 

25 2 20 25 50 45 60 40 34,6 16,5 + 18, ~. 

* Teachers were asked to forecast the percentage getting at least 

1 part of the question correct, 
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Conclusions 

1) The results of the test endorsed the claims made by industrial 

training officers that many c.s.E. pupils are not competent in 

using the four rules applied to decimals and fractions, and 

indicated some weakness in division and multiplication of whole 

numbers. 

2) At the time the tests were taken, 266 pupils were present out of 

a total of 356, i.e. 25.3 per cent of c.s.E. pupils were absent. 

Further analysis shows that absence for girls was 20.5 per cent 

compared with 30.1 per cent for boys. 

3) It was considered that many of those absent at the time of the test 

may be frequent non-attenders and that if they had been present 

and had taken the test, the mean score of 13 would almost certainly 

have been reduced. 

4) It was estimated that 15 per cent of pupils taking the test should 

obtain Grades 1 or 2 c.s.E. (the small percentage is due to some 

G.C.E. pupils taking c.s.E. Mathematics). Industry generally states 

that for craft apprenticeships, Grade 3 c.s.E. is the norm. It is 

estimated that for a Grade 3 pupil the maximum mark in a test of 

this type would be 17.7. If Grades 1 and 2 c.S.E. pupils generally 

tend to be accepted for technician posts, then the mean scores 

obtained by applicants for craft apprenticeships would be much lower 

than 13. 
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Proposals for Further Study Resulting from the Test 

The results of this investigation suggest that the following areas are 

worthy of further study. 

1) Is enough emphasis given to basic arithmetic in schools? 

2) The scores indicate a wide range of ability within the c.s.E. band. 

Ie there a case for streaming, which would enable the very weak 

pupils to concentrate on basic arithmetic and the bright pupils 

to progress at a faster rate? 

3) The four rules applied to whole numbers, decimals and fractions 

plus some other topics included in the test have undoubtedly been 

taught prior to the pupils' arrival at Upper School. Is there a 

case for more co-operation between Primary School, High School and 

Upper School to establish why, after eleven years at school, pupils 

still experience difficulty? 

4) Is it possible to define a minimum level of attainment for c.s.E. 

pupils leaving school with a view to ensuring that they are 

competent in specific·mathematical processes? 
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Chapter 6 

REPORT ON VISITS ORGANISED FOR TEACHERS TO INDUSTRY 

The Royal Society Report (3) recommended that the objectives of c.s.E. 

ngthematics courses should be continually reviewed by teachers in 

discussion with industrial and other employer interests at regional 

and local levels, In addition, it advocated that industry should 

organise training programmes for teachers to acquaint them with 

industrial applications, The Report stated that there is still 

insufficient communication between schools and industry, 

Discussion between schools and industry regarding the problems 

experienced by school leavers is taking place in many areas of the 

country and, bearing this in mind, it was decided to organise visits 

for teachers in the Loughborough area to industrial establishments to 

investigate the value of such visits to both industrialists and teachers, 

Two visits were organised in the Spring Term of 1977 to local firms 

employing craft apprentices, The visits were arranged for Mathematics 

teachers with the aim that industrialists could describe the mathematical 

problems encountered by craft apprentices during the early part of 

training, could discuss the difficulties experienced by employers and 

thus, hopefully, could help to promote understanding between industry 

and schools, 

The Mathematics Departments of fourteen secondary schools were contacted 

and were invited to attend, In addition, the Leicestershire Mathematics 

Advisers were invited, Of the fourteen schools invited to attend, 
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six replied and all of these sent representatives to the meetings. 

The author was, however, disappointed with the response from schools. 

Visit 1 

William navis & Co. (Leicester) Limited, Builders and Contractors, 

Forest Field, Forest Road, Loughborough. 

Thursday, 28th April 1977 at 7.00 p.m. 

Number attending - 18 

The meeting was arranged in conjunction with Mr. E. Moore, the Personnel 

and Training Officer. It was proposed that during the visit skilled 

craftsmen would talk about the mathematical needs of craft apprentices 

within the building trade. Moore opened the proceedings by giving a 

basic introduction, and proceeded to say that there was a greater choice 

of applicants for jobs this year and that boys with better qualifications 

present themselves much better at interview. He felt that, because of 

the large number of applicants, he was able to select boys with much 

higher qualifications than he would normally expect and that Grades 2 and 

3 c.s.E. and possibly Grade 1 were being considered at that time as 

compared with Grades 4 and 5 in previous years. The visitors were sh~vn 

a short film explaining the company's operations. It progressed through 

the design stages of buildings, illustrated the basic processes for 

building and also showed various types of buildings partly built and 

fully built as a means whereby the visitors were introduced to the type 

of work carried out by the company. 

. ' 
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The second speaker was David Atkin, who had been promoted into a 

managerial position after having started his working life as an 

apprentice bricklayer. Atkin said that very little Mathematics was 

involved in basic bricklaying, excepting an ability to calculate wages. 

The company, however, has a policy of offering promotion when possible 

to the apprentices in bricklaying. Thus they must have the ability to 

cope with a technical college course since, for promotion, it was felt 

that a general knowledge of applied Mathematics was required. 

Advancement may lead to jobs as site engineers or quantity surveyors 

and, even if apprentices did not aspire to these types of jobs, the 

work of site engineers and quantity surveyors ought to be appreciated. 

He gave many examples of the Mathematics that may be encountered by 

bricklayers. They may have to understand trigonometry and Pythagoras 

to measure the diagonal of a building to check for squareness. They 

may use the 3-4-5 principle for setting out. Sometimes they encountered 

areas and volumes of triangles and circles for calculation of quantities 

for gables and floor areas. They may have to calculate the diagonals 

of a square or rectangle (reference Figure 1). They may also have to 

understand the geometry of the circle. An interesting application is 

calculation of the tread of a stair, given the rise of the steps and the 

angle of inclination of the staircase (reference Figure 2). 

T 

I a.'l 2>-.;.> 

Figure 1 Figure 2 
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Also involved was the calculation of minimum falls for drains and the 

fall between two manholes, Atkin said that ratio, proportion and 

volumes were most important, too, especially with regard to mixing 

concrete, A knowledge of densities and the weights of sand and cement 

to produce a given volume was also required, 

If a bricklayer does aspire to promotion, he will almost certainly need 

to use logarithms and to know how to obtain squares and square roots, 

The types of calculation involved here are weights of walls when 

initially designing buildings, Another important area is calculation 

of quantities and subsequently calculation of material costs, for example 

to find the cost of one square metre of brickwork, A builder must have 

an understanding of discounts (for bulk purchase), wage calculations, 

bonus earnings, etc •• The point was made here that some wages are 

so much for so many square metres, i,e, if a man earns X pounds for 

50 square metres, how much will he get for a certain job? 

The third speaker was Mr. Hames, a carpenter, who explained the difference 

between carpenters and joiners. A joiner was a shophand who made things 

in a workshop, whereas a carpenter was a fixer who received part-finished 

articles from the joiner and fixed them on site, Hames said that quite 

a lot of Mathematics was used in carpentry, especially the four rules 

of whole numbers, decimals and fractions. Other important aspects are:-

Percentages 

Squaring and cubing 

Logarithms 

Isometric views 

Losses in cutting out and waste factors 

Areas of triangles for roofing and gables 



Geometrical scales (full, half-size, 1-200, 1-50) 

Methods of projection (first and third angle) 

Construction of angles and triangles 

+ 1 
An understanding of tolerances, i.e. what does - 16 mean? 

Simple setting out, construction of right angles, use of the 

0 right angled triangle and 45 angles, etc. 
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He felt that many topics labelled "mOdern Mathematics" were a waste of 

time and that more emphasis ought to be put on speed of operation in 

Mathematics, stressing that in industry time means money. He would 

support streaming within schools and felt that, in some cases, boys and 

girls who had been members of mixed ability classes possibly suffered 

from this. 

Mr. Willows, a plumber, was the fourth speaker. He said that neatness 

and presentation of work was most important and that many apprentices 

had very little idea of how to lay down a calculation in a neat and 

logical manner. Fractions, decimals, use of the imperial system, 

logarithms and algebra were all important to a plumber; algebra was 

involved in pipe bending, calculation of velocities in pipes (substitution 

and transposition of formulae were used). Plumbers need to understand 

volumes and geometry, and basic Physics was an essential. He felt 

that trainees should aim for promotion, and should work for City and 

Guilds Certificates. He continually emphasised that more concentration 

on neatness was a priority. 



A general discussion followed on the electrical work within the 

building trade and, once again, decimals, fractions, metric/imperial 

conversions and transposition of formulae were all mentioned. 
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A most interesting discussion concluded the meeting and there was a 

lively exchange of ideas. On the one hand the craftsmen tended to 

criticise "modern Mathematics" and on the other hand teachers defended 

it. The plumber said that it was important for trainees to be able to 

think logically about a job. This was countered by some teachers, 

who explained that the aim of s.M.P. was to educate children to think 

logically. Overall, the meeting conveyed to teachers that there was 

deficiency in certain areas and that, contrary to what same people had 

previously believed, a good knowledge of Mathematics is useful to the 

apprentice within the building trade. The importance of fractions, 

decimals and the four rules applied to whole numbers emerged, as did 

the need to concentrate on conversion from metric to imperial systems 

and vice versa. It was stated that imperial units will be in use well 

into the 1980s. 

Another point which arose during the conversations was that entrants 

into the trade needed to have a good appreciation of estimation, which 

appeared to be lacking, and also that mental arithmetic ability amongst 

applicants was very poor. Another area of deficiency in the school 

leaver was an understanding of geometry and geometrical constructions. 

Feedback from the teachers who attended indicated that they enjoyed the 

chance to talk to industrialists and that, generally, they were impressed 

by the open and frank discussion which ensued. It was most encouraging 

to hear that some teachers appreciated the opportunity to learn what a 

job in the building trade entailed for young people who leave school. 
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Visit 2 

Brush Apprentice Training Centre, Swingbridge Road, Loughborough 

Wednesday, 4th May 1977 at 6.30 p.m. 

Number attending - 23 

This visit was organised in conjunction with Mr. P, Morley, the then 

Apprentice Training Officer, It was intended that Morley would outline 

the various types of apprenticeships available at Brush, highlighting 

the mathematical requirements of each, and subsequently that· visitors 

would be able to see practical demonstrations of Mathematics within the 

workshop, 

Brush deals with three t~pes of apprentices - craft, technical and 

student - ~ho follow training schedules as laid down by the Engineering 

Industry Training Board, Grades 3/4 C,S,E, in English and Mathematics 

are the usual entry requirements for craft apprenticeships, These 

apprenticeships woulq produce skilled welders, machinists, platers, 

fitters, etc.. They would have to follow a technical college course 

called City and Guilds Craft Studies and, although the technical college 

set no specific standard for entry to this course, Morley felt that 

pupils with C,S,E, Grade 5 in Mathematics could not cope with the work. 

Technical apprentices were appointed with 4 n n 0 Level G,C,E, passes in 

Mathematics, English, Physics and Technical Drawing or Metalwork. The 

technical college required students to have Mathematics and Physics in 

order to follow their ONC/HNC courses (TEC commencing September 1977). 

These apprentices would become technicians, draughtsmen, test engineers, 

production engineers, etc., on completion of their training. 
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" " Student apprentices required 2 A Level passes in Mathematics and 

Physics for entry. They would eventually become technolo~ists and 

designers after following a IIND or B,Sc, course. 

A short film was shown illustrating engineering developments made in the 

aeronautical field by Hawker Siddeley Limited (of which Brush Electrical 

Machines Limited is a member company). This was intended to give the 

visitors some idea of the standards and achievements made in recent 

years. The main part of the evening involved a tour of the workshops 

where the visitors were able to see mathematical applications as 

encountered by first year craft apprentices. Examples were available 

from a wide range of en~ineering skills including fitting, machining, 

welding, electrical work and fabrication. Teachers had the opportunity 

to discuss informally with the instructors present the relative 

mathematical skills required for certain jobs. 

The comments made by teachers confirmed that the visit had been most 

worthwhile and very well or~anised, although they felt that the visit 

to Wm. Davis Limited had been more informative. They would have 

preferred a session in which the instructors at Brush stated their 

opinions to the group, followed by a general discussion, The main 

feature of this visit was that teachers were given the opportunity to 

see the machine tools, to understand the Mathematics involved in using 

the machine tools and also to gain an insight into the levels of 

mathematical ability required by craftsmen in the en~ineering industry. 

This experience, the author feels, will benefit all those who attended. 

It was most encouraging, also, to hear the comments from the five teachers 

involved with pastoral work who attended, all of whom were non-mathematic~ 

ians. They felt that it is most important for non-mathematicians to have 

an appreciation of the relevance of the school curriculum to the world 

of work. 
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Visits of this type appear to be most beneficial to teachers and it 

was very pleasing to hear requests from some teachers for visits to 

other establishments, namely a hosiery firm, a bank and some principal 

employers of·girls. 

Conclusions 

1. The initial response from teachers to the two visits was 

disappointing. 

2. Those teachers who attended felt that the visits had been most 

useful. 

3, Both the companies contacted were eager to co-operate in the 

visits and took a great deal of trouble to organise interesting 

programmes. 

4. An interchange of ideas proved to be beneficial to both sides. 

This was apparent from the enthusiastic discussions which took 

place on each occasion. 

5. \'/hen contacting schools after the visits, it became apparent 

that sufficient interest had been aroused to create further 

discussions between teaching staff. 
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Points for Future Consideration 

1, Organisation of such visits by County Mathematics Advisers may 

result in a more positive response from teachers. The author, 

being merely a member of a school Mathematics department, was 

not known to all the schools invited to attend. 

2. Industrial training personnel are very willing to voice their 

opinions regarding the mathematical needs of young trainees, 

The formation of a working party consisting of teachers, 

industrialists and lecturers from colleges of further education 

to discuss syllabi appears to have merit. The main obstacle 

" seems to be, in some cases, resistance from schools to being 

told what to teach", 

3, Given more finance and encouragement from local authorities, 

indications are that industry would welcome the opportunity to 

give teachers an insight into the academic requirements of the 

apprentice, At present the opportunities for this type of 

in-service training seem to be very limited, 

4. With greater co-operation between schools and industry, it may 

be possible to motivate pupils to work harder at school, If 

they are sure that the majority of the work is relevant to their 

future needs and this is impressed upon them during school visits 

from industrial training officers, then the importance of learning 

and working hard may become apparent, 



--------
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Chapter 7 

REPORT OF SHORT REVISION COURSE "MATHEMATICS FOR CRAFT APPRENTICES" 

HELD AT BURLEIGH COLLEGE, LOUGHBOROUGH, DURING JUNE 1977 AND JUNE 1978 

Introduction 

As a result of an industrial conference held at Burleigh College in 1976, 

which produced many complaints from local training officers that the 

mathematical ability of their school leaver intake was unsatisfactory, 

tt . tt 
a short Mathematics revision course Mathematics for Craft Apprentices 

was organised by the Mathematics Department at Burleigh. The course was 

held during the last four weeks of the Summer Term 1976 and was attended 

by eight students who had just finished their studies and were due to 

start work for two local firms in September of that year. The course 

was organised by the author at very short notice but was felt to be both 

worthwhile and successful by students, College staff and the two training 

officers involved. 

It was decided to offer a similar course in June 1977 drawing on the 

experience gained in the previous year and with improvement in mind. 

The main aims of the course were:-

(i) to provide prospective craft apprentices with revision in basic 

Mathematics in order to equip them more fully for their work, 

both in the factory and at the Technical College; 

(ii) to improve liaison and links between schools and industry as a 

means whereby joint discussions could help to highlight any 

strengths and weaknesses in the academic ability of school leavers 

entering craft apprenticeships. 
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Method of Approach 

Material for use by students on the first course in 1976 was prepared 

after consultation between members of the Mathematics Department at 

Burleigh College, a lecturer at Loughborough Technical College, the 

Apprentice Training Officer at Brush Electrical Machines Limited 

and the Training Manager at Herbert Morris Limited. The discussions 

resulted in the following topics forming the basis of the course. 

Significant figures and decimal places 

Fractions (the four rules) 

Decimals (the four rules and conversions from fractions to decimals 

and vice versa 

Use of logarithms (four-figure) 

Squares and square roots 

Theorem of Pythagoras 

Lengths, areas and volumes 

Angles (including minutes and seconds) 

Algebra (solution of equations, substitution, transposition of formulae) 

Percentages 

Ratio and proportion 

The 1977 Course 

The content of the 1977 course was as previously mentioned with the 

addition of Estimation. Wherever possible practical applications of the 

Mathematics covered were included (please see Appendix 3 for the booklet 

used throughout the course and the teacher's guide- this version is 

modified to avoid infringement of copyright on certain questions). 
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Once. again the Apprentice Training Officer from Brush and the Training 

Manager of Herbert Morris were consulted to discuss whether or not 

alterations were needed. During one of the visits it was suggested that 

the students might be tested before and after the course in order {a) 

to ascertain individual weaknesses and (b) to monitor any improvements. 

This suggestion was adopted and the results of these tests are examined 

later. 

It was decided that the course should be run during June and students 

would be asked to attend on three occasions each week:-

Monday 

Wednesday -

Friday 

9.20 - 11.15 a.m. 

2.00 - 4.00 p.m. 

9.20 - 11.15 a.m. 

The dates and times were chosen for the following reasons. 

1) c.s.E. examinations had finished 

2) It was felt that three short sessions per week were better than 

one longer period when students may easily become bored and lose 

interest. 

3) It was felt that, for all concerned, daytime sessions were 

preferable to sessions held in the evening. 

4) The times were arranged to coincide with periods when staff at 

Burleigh College had relatively light teaching commitments 

(i.e. many pupils had left, others were taking G.C.E. examinations, 

etc.) 



Details of the course were circulated to approximately 30 firms and 

five Upper Schools in the district, Prospective students were asked 

to enrol one week before commencement of the course, Publicity and 
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enrolment were dealt with by the College's Community Education Department, 

whose help and organisation proved invaluable to the author as it removed 

much of the administrative work of the course, 

It was proposed that a report should be sent to firms regarding the 

attitude and progress of each participating student (reference Figure l), 

Jn addition to the Mathematics course, four one-day sessions were 

organised to give prospective apprentices an insight into the basics of 

Technical Drawing, These were organised by two members of the Design 

Department, 

FIGURE 1 - REPORT TO EMPLOYERS 

BURLEIGH COLLEGE 

C " i " Short ourse - Mathemat cs for Craft Apprentices 

Progress Report 

Name ......................... Attendance ....................... . 

company ••.••.••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Attitude to Work 

Progress 

Signed ........................ (Tutor) Date •••••••••.••.••••••••. 
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Response to the Course 

The 1977 course attracted 37 students includin~ two who had not then 

obtain jobs. The students were to be employed by the following firms. 

Brush Electrical Machines Limited, Loughborough 

Herbert Morris Limited, Loughborough 

William Moss & Son Limited, Loughborough 

Arthur Prince's Garage Limited, Loughborough 

Rolls-Royce (1971) Limited, Mountsorrel 

lfillowbrook Limited, Loughborough 

(crane manufacturers) 

(builders, contractors) 

(commercial vehicle 

manufacturers) 

Although the majority of students were ex-pupils of Burleigh College, 

former pupils of De Lisle Roman Catholic Comprehensive School, Loughborough, 

Coalville Upper School, Rawlins School and Community College, Quorn, and 

Longslade Upper School, Leicester, also attended. 

It was very gratifying to learn that some training officers had written 

to their prospective apprentices suggesting that they should attend the 

course. Their help with motivation was most useful. 

The Course 

From observations of the initial test, it was apparent that the students 

attending had a wide range of abilities. It was therefore decided to 

divide the number into two equal groups, Group A being the students with 

lower test scores than those in Group B. It was felt that this may 

enable Group B to complete all the course at a good pace whereas Group A 

possibly should progress more slowly at the expense of not covering all 



the work. 

The general approach to both Groups was first to discuss the section 

being dealt with in order to check that the basics were understood, 

us 

and then to give the students practice by working through the examples 

in the booklet. At the end of each session homework was set, which was 

to be marked at the beginning of the next session, 

Both Groups responded very well to the course. Attendance was generally 

good and the majority of students achieved a good standard of neatness 

and presentation of work, With a few exceptions, timekeeping was also 

good and both Groups were motivated to work hard, mainly due to the 

influence and interest shown by local training officers, The students 

knew that a report would be sent to their prospective firms regarding 

attitude, progress and attendance. Visits were made to the College by 

two training officers who, by looking at the work and talking to the 

students, greatly helped to sustain interest and a high work rate. 

Initial and Final Tests 

The two tests given were similar, The questions used and the responses 

obtained are shown in Appendices 4 and 5. Students were given a maximum 

of two hours in which to complete the test but the vast majority finished 

well within this time. One mark was given for each correct answer and 

a summary of scores obtained is shown in Table 1. From the initial test 

it was found that some of the students were very weak mathematically. 

Furthermore, many of the questions set were poorly attempted by the whole 

group, as is indicated by the number of correct answers to the questions, 

Students were not told their scores as it was felt that many of them 

would be rather demoralised by their performances. 



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

GROUP A 

Estimated 

Student c.s.E. Initial Final 
Attendance Student 

Number Grade Test Test 
(max. 12) Number 

(where ., r. 
possible) 

1 4/5 26 26 12 19 

2 Not taken 8 12 12 20 

3 3/4 20 28 12 21 

4 4 14 34 12 22 

5 - 8 16 10 23 

6 - 2 14 12 24 

7 4 26 16 12 25 

8 3 26 55 12 26 

9 - 16 20 12 27 

10 2/3 24 43 11 28 

1.1 3 29 35 9* 29 

12 - 33 49 11 30 

13 4 22 37 12 31 

14 4 39 37 10 32 

15 l/2 37 67 7* 33 

16 - 18 35 9 34 

17 - 33 75 11 35 

18 - Abs, 45 9 36 .. 
;'::37 

TABLE l -TEST SCORES AND ATTENDANCE RECORD (1977) 

GROUP B 

Estimated 
c.s.E. Initial 
Grade Test 

(where ., 
possible) 

1 57 

3 39 

- 45 

- 43 

2 45 

- 49 

- 53 

2/3 45 

2/3 61 

2 57 

- 80 

1 51 

1 59 

1 45 

- 43 

~o' Level 51 

- 86 

1 Abs, 

4/5 Abs. 

-'-

Final Attendance 
Test (max. 12) 

% 

65 11 

41 10 

47 10 

49 12 

55 8 

63 10 

63 9 

73 12 

75 10 

80 9 

94 10 

77 10 

90 12 

69 4* 

51 12 

76 7* 

96 7* 

92 9 

12 6;g 

* Some absence 

due to examination 

commitments 

- Pupil from a 

school other than 

Bur1eigh College 

' \ 

.... ... 
tO 



Initial- Test Final Test 

' 

Mean Score 22.4% 35. Bi'o 
Group A 

Standard Deviation 10.2% 17.4% 

Mean Score 53.5% 66.7% 
Group B 

Standard Deviation 12.4% 19.7% 

Groups A and 
Mean Score 37 • 9'7o 51.7% 

B combined Standard Deviation 19. 2'1· 24.67o 

TABLE 1 (CONTINUED) - GROUP SCORES 
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By comparison with the initial test, the final test results showed an 

improvement in most topics, with algebra and volume still causing 

problems. Generally the test results indicated that only a limited 

amount of progress had been made by the students, and in two instances 

the final test scores were lower than the initial test scores. In many 

cases, however, the tests results obtained did not reflect the effort 

made by students during the lessons and it may be that some of the boys 

panicked under test conditions. 

Feedback and Comments from the Students 

At the end of the course students were asked to complete a questionnaire 

in anonymity. Analysis of the comments is shown in Table 2. Other 

general comments made by students indicated that they felt the course 

had been worthwhile. 

Overall Conclusions 

1) It was interesting to note that the mathematical ability of some 

of the students was weak, bearing in mind that these boys had 

been selected for craft apprenticeships and generally, especially 

with reference to the engineering trade, could be assumed to have 

more ability than other applicants rejected during selection 

procedures. 

2) In a recent publication called "Basic Skills in Mathematics for 

Engineering" issued jointly by the University of Nottingham Shell 

Centre for Mathematical Education and the Engineering Industry 

Training Board it is stated that "the craftsman is typified as 

having achieved from low to middle grades in c.s.E. Mathematics. 

Above c.s.E. Grade 3 he might possibly aspire to be a technician, 
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although this does vary according to local conditions." The 

test results indicated, however, that students who were expected 

to obtain C.S.E. Grades 1 or 2 could cope reasonably well with 

the topics covered and that those expected to obtain from low to 

middle grades in c.s.E. Mathematics definitely struggled with 

many basic aspects. This may imply, therefore, that there is 

some discrepancy between the expected capabilities of pupils 

attaining low to middle grades in c.s.E. Mathematics and their 

actual abilities. 

3) The course proved beyond doubt that it is possible to motivate 

young people to work hard at Mathematics, given the right 

encouragement from their prospective employers. 

4) It was felt that the two tests given could be improved in the 

future, making them less demanding. It is suggested that tests 

similar to the Vernon Miller Graded Arithmetic Test, which 

contains .questions progressing from elementary to complex, would 

be more suitable. It is also suggested that the tests should be 

of shorter duration and that short tests at the end of each 

section studied may have proved beneficial. 

5) The 1976 course was attended by eight students. It was noticeable 

that as the class size in 1977 was la/19 students, the amount of 

individual attention given was greatly reduced. It is suggested 

that, especially for the weaker students, a class size of a/10 

would be advantageous, but this may not be a viable proposition 

owing to the extra teaching staff required. 
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6) Although many students appeared to gain confidence during the 

class sessions, it is obvious that in such a short period of 

time only a limited amount of progress is possible. This does 

focus attention on the need for constant emphasis of the basic 

skills in Mathematics during the school life of students. 

The 1978 Course 

Following the success of the 1977 course, a further short course was 

organised in 1978. Coursework consisted of the material used in 1977. 

The number of applicants was 52, as compared with 37 in 1977. Thus 

there was no opportunity to reduce the size of classes and, indeed, 

the Loughborough Technical College was approached to provide a teacher 

for the necessary additional class. 

Test results for students in 1978 were very similar to those detailed 

for 1977, as were the general comments made at the conclusion of the 

course. 

• 



Questionnaire forms were issued to students participating in the course, inviting them to answer a series of 

questions as shown below. Replies were to be anonymous. Answer boxes were marked from 1 - 5, 1 indicating 

"positively no", 5 indicating "positively yes" and 3, 4 and 5 indicating intermediate values. 

QUESTION 

Qu. 1 Do you feel that the course has been worthwhile? 

Qu. 2 Did you find the topics interesting? 

Qu. 3 Did you feel that they were relevant to the 
work that you will do in industry? 

Qu. 4 Did the teacher go too fast and cover too much 
work in the time available? 

Qu. 5 Do you feel that the topics were well explained? 

Qu. 6 Would this type of course benefit all school 
leavers entering craft apprenticeships? 

Qu. 7 Would you have liked the course to be full time 
(instead of 3 sessions) and cover other subjects 
relevant to your job, i.e. Technical Drawing, 
Metalwork, Science, English? 

Qu. 8 Did you feel that the homework set was necessary? 

Qu. 9 Did you feel that the interest shown by local 
training officers motivated you to work hard? ** 

Qu.lO Would you prefer to have no homework in future 
courses? 

GROUP A GROUP B GROUPS A & B. 
(16 completed forms) (16 completed forms) (32 completed forms) 

1 2 3 4 5 1 2 3 4 5 

- 2 14 1 3 5 7 

- 2 B 6 - - B 6 2 

1 3 3 9 1 4 8 3 

8 6 1 1 - 5 3 3 1 4 

- - 3 2 11 - - 4 7 5 

- - 1 4 11 l l 2 4 8 

2 3 4 4 3 8 3 l 2 2 

5 - 11 2 3 6 2 3 

2 3 4 6 2 1 6 2 5 

9 1 3 1 2 2 3 7 1 3 

1 2 3 4 5. 

1 3 7 21 

- -· 10 14 8 

13 

l 

10 

2 

2 

'·t 
' 

2 

::. --· 

9 4 2 4 

- 7 9 16 

l 3 8 19 

6 5 6 5 

3 11 2 14 

3 9 6 11 

11 4 10 2 5 

TABLE 2 - Slll,!l\!ARY OF COMMENTS (1977) 
** 1 student in Group A did not answer this question. 
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Suggestions for Future Development of Courses 

1) In order to link the topics covered on the course to practical 

problems likely to be encountered during an apprentice's training, 

members of the school's Design Department could be invited to 

organise workshop sessions which would enable students to apply 

the Mathematics to typical situations, 

2) The course could include individual projects, such as the calculations 

and scale drawing involved in the building of a garage, A project 

of this nature would involve the use of the following topics:-

volumes 

area 

Pythagoras 

decimals 

laying garage base 

calculation of paint, etc., required 

calculation of lengths of roof members 

- cost of materials 

measurement/scale drawing - preparation of plans and elevations 

3) A desirable pupil/teacher ratio would be say 10:1, This might be 

achieved with the co-operation of other schools, Numbers of 

students attending the course have increased progressively since 

the inception of the first course, industrialists obviously having 

encouraged their prospective employees to obtain some mathematical 

revision, It would seem, therefore, to be a practical proposition 

to have more than one course centre, as students would derive 

greater benefit from the extra help which could be offered by the 

teacher of a small clas~ 
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Chapter 8 

REPORT ON THE PREPARATION OF A BOOK "APPRENTICE ~IA'll!S 

THE SCHOOL LEAVER ENTERING CRAFT EMPLOYMENTS" 

MATHEMATICS FOR 

Tha Royal Society Report (3) recommends that "specially prepared material 

should be produced, such as films, tape-slides, books and example sheets, 

illustrating the use of Mathematics in industry, which may help to 

motivate -the pupils". 

As part of this project it was decided to produce a book which would 

show young people approaching school leaving age the Mathematics used 

by craft apprentices during their training, especially with reference 

to the engineering industry (30). 

Much research has already taken place into what mathematical concepts 

are required by these school leavers, This, together with the results 

of the author's surveys carried out in both industry and colleges of 

further education (reference Chapters 3 and 4), formed the basis upon 

which topics were selected for inclusion in the book, One of the most 

important objectives was to endeavour to include examples which showed 

practical applications of the mathematical topics covered, 

After examining many texts used in schools and colleges of further 

education, a book such as the one proposed was not available, The 

further education texts generally assumed that users knew the basic 

concepts and their examples tended to be rather difficult for the 

15/16 year old c.s.E. pupil, School texts lacked practical applications 

and no book could be found which dealt suitably with the topics required, 



The market appeared to be ready for a boolt of the type proposed. 

From the author's experience as a teacher it was anticipated that 

the book would appeal to:-

1) conscientious pupils within schools who appreciated that 

in the majority of cases they would have to achieve a 

certain standard in Mathematics to obtain a job 

2) caring parents who would use the book to help their children 

3) schools staff themselves, who would use the many examples 

and applications 

4) the first-year students on college of further education craft 

courses who, it has been established, usually are of a poor 

mathematical standard. 
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In addition to these it was considered that if the text was well 

structured it may help teachers with difficult, unco-operative pupils 

who could use it on an individualised learning basis knowing that the 

contents would possibly be useful for their future careers. 



Topics Included in the Book 

The chapters of the book are as listed below, 

1. Connnon Fractions 

2, Decimal Fractions 

3, Approximation and Estimation 

4, Indices and Numbers in Standard Form 

5, Logarithms 

6, Algebra 

7, Areas of Plane Shapes 

8, The Circle 

9, Volume 

10, Ratio and Proportion 

11. Percentages 

12, Squares, Square Roots and the Theorem of Pythagoras 

13, Angles 

14, Trigonometry 

15, Geometrical Constructions 
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In addition to these a set of specimen Mathematics selection tests 

based on those used in industry are included, together with a 

miscellaneous exercise which consists of past examination questions and 

a few questions supplied by industrial training departments, The 

authors are grateful to the following for granting permission to use 

questions:-



Northern Counties Technical Examinations Board 

Union of Educational Institutes 

North Western Regional Advisory Council for Further Education 

(incorporating the Union of Lancashire and Cheshire Institutes) 

City and Guilds of London Institute 

East Midland Educational Union 

Southern Regional Examinations Board 

British Aerospace 

Welsh Joint Education Committee 
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It was felt that the inclusion of questions set by the above 

organisations (including C.S.E., first year craft, and industrial 

questions) would help to give the book credibility. A few more 

difficult questions taken from technician examination papers are also 

included to try to further extend the more able readers. 

Policy Decisions Made 

The authors were very conscious of the need, on two counts, to restrict 

the length of the book. Firstly, a publication containing a large 

volume of work may deter a prospective buyer. Secondly, the cost of 

a large publication would be prohibitive to a young person and also 

to many schools operating with limited finances. Eventually it was 

decided to aim for a maximum cost of £3.00 per book, which would allow 

approximately 200 pages of text. 



Consideration was given to the inclusion of drawing/using graphs and 

averages, These topics frequently occur on first year craft 

examination papers. It was decided, however, that perhaps they were 

not so fundamental to apprentices as other items and consequently 
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they were omitted, Nevertheless a few questions on averages have been 

included in the miscellaneous examples section, 

Another decision to be made was whether or not to use 3- or 4-figure 

tables, S,M,P, tables used within schools are correct to three figures 

whereas industry/further education requir~4-figure tables, It was 

decided to work with 4-figure tables to cater for the needs of industry, 

This, however, may prove to be a problem in certain schools following 

S,M,P, courses who may not possess such tables, 

With regard to standards within the book, care was taken to adopt 

current S, I, notation (except !'or questions involving imperial units )(33). 

Standards for diagrams were based on B,S,308 (34) with a few exceptions. 

For example, B,S,308 uses the notation ·~· for diameter, e,g, ~30 mm. 

After discussions with teachers it was felt that 30 mm dia would be 

more appropriate for use in this publication, Similarly R30 mm was 

replaced by 30 mm rad. 

The Basic Approach 

The book is designed as a revision text, and it was intended that examples 

of a practical nature would form a major part, After initial tests with 

material it was found necessary to include instruction in the basic 

mathematical manipulations required to solve the practical problems. 

For example, at the age of 16 many C,S,E, pupils still do not have a 

satisfactory grasp of the four rules applied to fractions, 
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In order that readers do not waste time, the book is structured so that 

topics in which a student is competent will not be restudied unless he 

wishes to do so. The structure is as shown. 

t 
Pass 

Self Assessment Test 

Fail 

Basic Concepts 

Practice Exercises 

Self Assessment Test Pass 

v Fail 

Basic Concepts 

• 
~ 

Practice Exercises 

" 

Practical Applications Exercise 

V 

Pass 
Self Assessment Test 

"' 
Fail 

etc. 
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At the beginning of each new topic covered the student tests himself 

for competence via the self-assessment test. If he successfully 

completes this test he will progress to the next one. If he is not 

successful he will be required to read the subsequent text and then 

attempt practice exercises. All students are required to work through 

the practical applications exercises. 

This approach appears to have merit since a book which merely contains 

practical problems may bewilder many pupils whose basic mathematical 

knowledge is incomplete. 

Evaluation of the Contents 

It was important, in the initial stages, to test and evaluate the 

success or failure of the book's approach. Certain parts were tested 

at Burleigh College. Chapters on fractions, decimals, indices and 

numbers in standard form, logarithms, areas, volumes, the circle, 

squares and square roots and the Theorem of Pythagoras, trigonometry 

and geometrical construction were prOduced in module form. 

Volunteer pupils who wanted extra work in Mathematics were asked to 

attend an evening session at school on Mondays from 4.10- 5.20 p.m. 

throughout the school year 1976-77. These sessions, where the trial 

modules were used, proved to be successful. The pupils'·general 

opinions were that the work was well structured, tending to re-introduce 

and reinforce basic concepts before tackling more difficult problems. 

They could work at their own pace and appeared to be able to cope with 

the progression of work without much help from the teacher. The 

. practical applications exercises were found to be most useful as it was 

necessary for the students to apply their knowledge to the problems. 
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In some cases they remarked that the modules contained too many examples, 

A wide choice of examples, however, should prove to be useful to teachers, 

especially when setting homework, 

Graham (19) has also tested some of the practical applications exercises 

at Colston's School, Bristol, and has found that the pupils have enjoyed 

this type of problem, 

During 1977 the Careers Department at Burleigh College used three of the 

specimen selection tests included in the book as part of their careers 

programme, The feedback indicated that pupils had welcomed the 

opportunity to attempt these typical tests and, as a result, it is 

certain that such tests will be included in the School's 1978-79 careers 

programme, 

After initial trials of certain modules had been carried out with pupils, 

the complete book was presented to three people to ascertain their 

opinions. They were:-

John Bowles Head of Mathematics Department 

Burleigh College, Loughborough 

George Haynes 

Peter Morley 

Lecturer at Loughborough Technical College 

(dealing with Mathematics for craft apprentices 

and T,E,C. courses) 

Senior Training Officer, 

Brush Electrical Machines Limited, Loughborough 

(formerly Apprentice Training Officer) 



164 

Generally their comments were constructive, They pointed out small errors 

and, overall, their reaction to the book was very favourable, Examples 

of their comments follow, 

Bowles 

"1 like the general approach and think it will prove a most useful book 

for revision for those entering a craft/technician apprenticeship, 

"In particular I like those problems which are not just routine practice 

but try to relate the mathematical concepts to everyday engineering 

problems, In this respect I feel that the book may well be of great 

value to a teacher in the school classroom as a source of problems only, 

but not as an introduction to any topic, Clearly a child meeting the 

topic for the first time would need careful introduction from a teacher, 

Haynes 

"This impressed me as being a very useful book for the school leaver 

covering the Mathematics required by those entering an apprenticeship 

at craft and lowest technician levels. The emphasis is right for a 

revision text book, with concise development and a large number of 

examples. This course should ensure that apprentices have had practice 

in the Mathematics topics relevant to their further education courses, 

"There is a need for the intending apprentice to have more practice in 

the topics covered by this book, particularly when he is about to leave 

school, With the present wide variation in standards and topics taught, 

more firms are using entry tests for apprentices and the emphasis in 

these will, of course, be on 'practical' Mathematics," 

.. 



Morlcy 

"My main impression of the draft is ourSTANDING. I am sure with the 

right publicity you have hit on a winner. The things which impress 

me most are:-

1) .The Self-Assessment Tests - how many times do we pick up a 

newspaper or magazine and see a simple quiz or crossword and 

try it? If we succeed we try another one and so on. In the 

same way, I feel that these tests will motivate students to 

try out their knowledge. 

2) I am impressed with the way you go through the subjects - very 

slowly but thoroughly, the examples being so like those met in 

industry." 
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Following these encouraging remarks, the book is in the process of being 

published. 

Jelfs, in a paper featured in The Training Officer, July 1974 (35), 

states that learning depends on: 

Motivation 

Concentration 

Picturesque Presentation 

The amount of material to be learned 

Relevant student activity 

Reinforcement 

It is hoped that the book prepared is compatible with this philosophy. 



Chapter 9 

THE PREPARATION AND EVALUATION OF A TAPE-SLIDE PROGRAMME PRODUCED 

TO SHOW PUPILS WITHIN SCHOOLS SOME OF THE MATHEMATICAL CONCEPTS 

REQUIRED BY CRAFT APPRENTICES 

In an attempt to convey the importance of Mathematics to prospective 
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craft apprentices, it was felt that tape-sli~e programmes could prove 

to be a useful teaching aid, The author wrote to all the principal 

training boards and many suppliers of educational films, e,g, the National 

Audio Visual Aids Library, The National Council for Audio Visual Aids in 

Education, Gateway Educational Films Limited, There appeared to be, 

however, no suitable tape-slide programmes or films which showed basic 

mathematical applications within the workshop and which would be suitable 

for pupils within schools, 

It was therefore decided to produce a tape-slide programme as part of 

this research project. The author's initial aims were:-

1) to convey to school pupils the importance and relevance of 

Mathematics to craft apprentices 

2) to make the programme interesting 

3) to encourage school pupils to assist in the production of the 

programme - it was hoped that their ideas would control the 

complexity of the programme and would thus make it suitable 

for their peers. 
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Before commencing work on the programme, production techniques had to 

'' '' ) be carefully studied. The Ergonomics of Visual Aids Materials (36 

and "Let's Stamp Out Awful Lecture Slides" (37) provided valuable 

information which enabled the author to plan a strategy for the 

programme. The help and advice of Philip Francomb, Resources 

Co-ordinator, Burleigh College, was very much appreciated throughout 

the production. 

Originally it was intended to take slides in industrial surroundings 

but it was found more convenient to restrict location shots to the 

workshops at Burleigh College and Loughborough Technical College. 

These were well equipped for the type of shots required and in both 

cases teaching staff must be thanked for their enthusiasm and assistance. 

In addition to these, various pictures were taken from magazines and 

' some diagrams photographed from the Engineering Industry Training Board 

training manuals (permission for copying having been obtained)(38). 

All the books consulted recommended that artwork should he simple and 

clear. They advised that, in many cases, simple line drawings were 

better than actual pictures which appeared complicated. With this in 

mind artwork was prepared where necessary. 

The Programme 

After careful consideration it was decided to present the programme 

in two parts, each part lasting approximately 20 minutes. 



Putl 

This gives a brief introduction and shows a typical Mathematics 

selection test. It tries to give pupils an insight into some of the 

jobs an apprentice might do, the machines he will operate, and shows 

some of the things he might make. 

Slide No. 3 introduces four of the pupils who helped to make 

the programme - Rajesh, Andrew, Rasbmi and Kevin. 
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The programme emphasises the importance of accuracy and stresses that 

whilst 9 calculations right out of 10 might be good at school, it is 

not good enough in industry. 

. . 



Slide No. 14 - a large 

butterfly valve for a 

power station in Brazil -

illustrates well the need 

for accuracy. All the 

studs on the outer rim 

must be correctly 

positioned if it is to 

fit the mating part. 
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The programme includes the use of both the imperial and metric systems 

of units and shows applications of the use of decimals and fractions. 

Slide No. 28 Several calculations are involved when turning 

chess pieces on a lathe. 



Slide No, 30 A job 

in a three-jaw chuck 

involves calculation 

of depth of cut to 

reduce from one 

diameter to another, 

Slide No. 37 - prepared from the attached artwork - depicts 

a c.s.E. pupil's attempt to enquire if pupils fully understand 

the metric system for units of length, 

One of the most important parts of an engineering apprentice's training 

will be the use of measuring equipment. The programme shows some of 

the pieces of equipment which he will meet, 



Slide No. 51 illustrates the way in which a micrometer is used 

to measure the diameter of a bar. 

Slide No. 54 shows an internal micrometer which is being used 

to check the internal diameter of a component . 
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Slide No. 58 is one of two slides concerning the use of 

slip gauges as a means of setting a bar a given distance from 

the base of another component ready for drilling. 

Slide No. 62 is of a Vernier Caliper 
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• 



and Slide No. 63 

illustrates clearly 

how the Vernier 

Caliper can be used 

to check a given 

dimension. 

Slide No. 68 - artwork attached - depicts a laminated core. 
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A L Arvltf\/ATED GeE Is NlAoe:. LJp OF 
57 htc~T£.5 EAcH 0·75/Ylm 7i;;ct:::.. 

WHAT Is THE D IME.IVS to/\1 T ? 

SLIDE NO. 68 

• 
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P~t2 

This part dea~s with more advanced mathematical topics, involving 

ratios , trigonometry , the Theorem of Pythagoras, algebra, the circle, 

vol~ne, graphs, angles and geometrical construction. 

Certain ideas are developed. Consider ratio, for example. This is 

illustrated in several ways, one way being the pulleys on a single 

spindle drill used to obtain different speeds. Progression from 

this example leads to a description of gear ratios in a gear box. 

Slide No. 71 Changing the speed on a single spindle drill. 



Slide No. 72 Various pulley combinations on a single spindle 

drill will give the speeds shown on the machine plate. 

ELLIOTT No. 1 DRILL 
•ADE fN ENGLAND 

Slide No. 74 A typical gearbox, 

, ... 
•••o to•o 
uo 
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One of the uses of the Theorem of Pythagoras is illustrated by an 

example of a component which 

has to be set up on to two 

pins in the fixed jaw of 

a vice. 

Slide No. 87 

f1xed 
)aw 

I --...___ 
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Slide No . 88 The hole centres of the component must be accurate. 

It may be necessary to check the centre distance of the holes, 

requiring the use of the Theorem of Pythagoras. 

54· 5 01)\m 

5 6 ·5, ,m 
~~--------- -------~ 

Slide No. 90 is a 

further example of the 

use of the Theorem of 

Pythagoras in making 

a wooden square for 

checking corners of 

brickwork. 
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K.lv'oWL£DGE. OF N£ C.ecL£ Is ~61ute£.D 
WH£N MilKING A CoAT HooK.. 

E3 
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SLIDE NO. 97 

1 



Algebra is introduced by considering the calculation of fuse sizes 

which may involve both transposition of formulae and substitution. 

Slide No. 95 - artwork attached - gives a description of the 

calculations required to find the correct fuse size for an 

electric fire. 
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Slide No. 97, depicting a coat hook, reveals that knowledge of 

formulae relating to the circle is most useful in the manufacture 

of this simple item. (Line drawing attached) 

A c. S.E. pupil has used his initiative to produce the following two 

slides in a light-hearted attempt to illustrate the importance of an 

understanding of volume. 

Slide No. 99 Obviously the nurse does not know how much medicine 

is represented by 5 millilitres. 
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Slide No. 101 The artwork shows that the house-owner did not 

know how to calculate the volume of the garage base. Consequently 

be ordered too much ready-mixed concrete and has a large amount 

surplus to his requirements. 

In Slide No. 102 an attempt is made to show that the calculation 

is quite simple. (Line drawing attached) 



Problems Experienced in Production 

The first major problem was the inexperience of the author in the 

production of both slides and sound recordings. Guidance by 
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Philip Francomb, together with the excellent facilities in the television 

studio at Burleigh College, made the production of the programme a 

feasible proposition. 

The initial strategy was to involve pupils in making the programme, 

especially those who may become craft apprentices. This implied that the 

pupils would have to be chosen from c.s.E. forms. It was therefore known 

from the start that the most academically able pupils in the school, i.e. 

those in the G.C.E. forms, would not be involved. 

When planning first took place, one of the major problems foreseen was 

to make the programme appealing to 14-16 year old pupils and, at the same 

time, make its contents educationally sound, It was felt t~: · · · , use of 

c. s .E. pupils in the production would help to monitor responses to the 

contents and would be a good sounding board for ideas. 

The pupils involved were tremendously keen and enthusiastic. Ian Mullis, 

a 5th Year c.s.E. student at Burleigh, provided three excellent paintings 

showing his ideas on various mathematical concepts (reference Slides Nos. 

37, 99 and 101). 
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One of the principal problems was the standard of narrative. The pupils 

involved rehearsed during luncl1ttmes and gave up three evenings to attend 

the recording sessions at the studio. They tried extremely hard but 

were naturally nervous and ineXPerienced , which resulted in the tape 

requiring editing to cut out mistakes, stutters, etc •• 

A solution to this problem would have been to use sixth- formers studying 

''A" Level English, who probably would have produced a much clearer 

narrative. This, however, would have detracted from the original 

objectives. 

The final tape still contains mistakes and could be better, but it does 

represent the honest efforts of C.S.E. pupils. 

Evaluation of the Programme 

The programme was shown to two groups of c.s.E. pupils at the end of 

their fourth year (i . e . 14-15 year olds) and also to 8 volunteers from 

the 1978 Short Course (reference Chapter 6), i.e. 16 year olds who had 

obtained apprenticeships. 

one group of 4th Year C.S.E . pupils was shown both parts consecutively 

and another group was shown the parts at different times. The 8 

volunteers from the Short Course were shown both parts consecutively 

for convenience. At the end of the programme each group was asked to 

complete a few simpl e questions in anonymity, the results of which 

follow. Boys ' and girls ' replies are analysed separately. 

----------------------------------------------~----- --



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

GROUP 1 - Parts 1 and 2 Shown Consecutively 

Response in the ' 5' column means a definite ' Yes ' and response in the ' 1 ' column means a definite ' No'. 

Intermediate values are given in columns '2', '3' and '4'. 

Boys' Response Girls ' Response 

No. Question 
(Total Number - 31) (Total Number - 15) 

1 2 3 4 5 l 2 3 4 5 

1. Did you enjoy the programme? 1 67'o 3~ 13'7o 2~ 10% 47% 7% l:J!o 337o 0% 

2. Was it easy to understand? J<7o 6% 3Sfo 23% 33% 40"/o 13% 27% 7% 13% 

3. Had you previously realised 
that Mathematics was so 

10% 6% 6% 13% 65% 27% 13% OjO 13% 477o important to a craft 
apprentice? 

4. Would it be a good programme 
to show to all pupils during 

28!o 3% 3% 10% 58% OjO O'i'o 20'/o 33'Yo 4"7Yo careers lessons (say in the 
fourth year)? 



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

GROUP 2 - Parts 1 and 2 Shown at Different Times 

Response in the ' 5' column means a definite 'Yes' and response in the ' l' column means a definite 'No'. 

Intermediate values are given in columns ' 2', '3' and '4'. 

Boys' Response Girls' Response 

No. Question (Total Number - 38) (Total Number - 25) 

l 2 3 4 5 l 2 3 4 5 

1. Did you enjoy the programme? 13% 8'11> 26% 34% 19% 32% 8'!o 48'/o 4% 87o 

2. Was it easy to understand? 11% 8% 31% 2Cf/o 30% 2CI'k 28% 28% 4'7o 20Yo 

3. Had you previously realised 
that Mathematics was so 

57o 5'7o 3}'o lgrc, 68% 3~ \1'/o 4'7o 16% 48% important to a craft 
apprentice? 

4. Would it be a good programme 
to show to al l pupils during B?'o l e% 16% 13"/o 4 1'!o 20% Cf/o 1 2'7o 4' ' 64% careers lessons (say in the /0 

fourth year)? 

~----------------------------------------------------------------



GROUP 3 - 8 Volunteers (All Boys) From 1978 Mathematics Short Course 

(Ref. Chapter 6) 

Response in the '5' column means a definite 'Yes' and a response in the '1' column means a definite 'No'. 

Intermediate values are given in columns '2'. '3' and '4'. 

Boys' Response 

No. Question (Total Number - 8) 

1 2 3 4 5 

l. Did you enjoy the programme? - - - 1 7 

2. Was it easy to understand? - - - l 7 

3. Had you previously realised 
that Mathematics was so 
important to - -a craft - - 8 

a pp rent ice? 

4. Would it be a good programme 
to show to all pupils during - - - - 8 career s lessons (say in the 
fourth year)? 

.... 
\0 
0 



Pupils were also asked to give any personal comments or criticisms 

about the programme. 

Examples of boys ' comments were:-
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"It was an interesting programme but should only be shown to people who 

are going to do an apprenticeship." 

"The programme was very interesting. I enjoyed it very much." 

"I did not like the music much, but the progranune was good. " 

"I thought it was boring. I think if it had been moving pictures it 

would have been better.' ' 

"The programme wasn't too bad but it got a bit technical in places. 

It was a bit boring in places." 

"I think that it could have been a little less complicated and a little 

more time spent on each subject, but overall it was very good." 

"The programme was very enjoyable. I hope it will help any future 

pupils who watch it to at least point them in the right direction in 

unders tanding how important Maths . is." 

"The progranunes were a little long and I found it a little bewildering 

as we had not covered all the things shown." 



"Boring - it droned on." 

"Boring because it is all figures - it was stupid." 

Examples of girls' comments were:-

"It was boring as it was only about jobs for lads and what Maths. 

they need." 

"Boring and too long." 

"I think it was a very useful programme." 

"There was only things there for boys. There should have been more 

jobs using Maths. being shown for girls ." 

"People can realise how important Maths. is." 

"It was boring and it didn't explain things in good enough detail. 

It didn ' t interest me at all. It wouldn 't interest most girls. " 
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"Show a few more girls at work as it was mainly based on boys' careers 

and girls work on machines as well." 

"The slides were rushed through too quickly only saying a bit about 

each slide." 
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Examples of Comments from Short Course Students were:-

"An interesting programme." 

"A good programme but not enough explanation at times." 

"A good programme to show boys the Maths. needed by industry." 

Conclusions 

From the reactions of the pupils who watched the tape-slide programme 

it was concluded that:-

1. To prevent boredom it is beneficial to show Parts 1 and 2 at 

different times. 

2. Part 1 of the tape-slide programme was easily followed by most 

pupils as they had all worked on fractions and decimals at 

school. Part 2 caused problems as some pupils had never met 

certain topics before, e.g. trigonometry, the Theorem of Pythagoras, 

transposition of formulae. 

3. In our current society which boasts the Sex Discrimination Act 

it is apparent that it will be many years before girls will want 

to take up craft apprenticeships in any great numbers. The 

contents of the programme, it was felt , were relevant to boys 

but not to girls in most cases. 
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4. Considering the previous point , it is interesting to note that 

a majority of the girls strongly felt that the programme should 

be shown in careers lessons. 

s. The progranune could be most suitably employed with a s e l ected 

audience, e . g. as part of a metalwork/technology course. In this 

way students could relate the contents of the programme to the 

actual equipment in the workshop. 

6 . The programme could be improved by reducing the number of topics 

covered and dealing with each topic in greater detail at a slower 

pace. 

7. The "humorous" slides proved to be popular and poss ibly more of 

these would be useful in maintaining interest . 

8. If finance and time was available, a 35 mm film or video tape 

recording may be a more attractive method of presentation. 
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Chapter 10 

CONCLUSIONS, RECO~~DATIONS AND SUGGESTIONS FOR FUTURE RESEARCH 

Conclusions 

Many people claim that the mathematical standards of school leavers 

entering craft apprenticeships have declined over the past 5-10 years . 

Certainly the evidence obtained and views expressed during this research 

project support the conclusion that this is true. This conclusion is 

reinforced by the fact that many meetings/conferences, such as the one 

recently held at Salford University (39) are currently taking place to 

encourage dialogue between interested parties concerning the problems 

arising. 

As a result of discussions with many industrial training officers 

throughout the period of research, it is apparent that industry requires 

young trainees to be competent in relatively few mathematical topics. 

With this in mind their genuine anguish regarding standards must be 

taken very seriously , with remedial measures an immediate priority. 

( 
11 

The Royal Society Report 3) states that c.s .E. syllabuses in Mathematics 

should reflect the changing needs of society and industry. For this to 

be possible and effective there needs to be continuing dialogue between 

industry and teachers." This appears to be the solution to many of the 

problems . 
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Recently the Engineering Industry Training Board has put forward 

proposals to revolutionize its apprenticeship system and to ask schools 

to incorporate some training into the curriculum. This may prove to be 

a motivatory factor to many pupils as it could be shown to be an integral 

part of their future employment. The scheme would have to be 

administered with care, however, as Jarvis, General Secretary of the 

National Union of Teachers, points out. He believes "Any attempt to 

bring 'off the job' training into schools should be carefully tailored 

to meet the needs of all future apprentices and young workers, rather 

" ( ) than the requirements of just one industry. 40 

With regard to liaison between educationalists and industrialists, this 

research project has been successful in three significant ways. 

Firstly, the short course (reference Chapter7) has now been in operation 

for three successive annual sessions. At a conference at Burleigh College 

in 1977 attended by industrial traini.ng officers it was placed on record 

that the course represented "a considerable step forward". 

Secondly , although response from schools was disappointing, the industrial 

visits by teachers (reference Chapter b'> proved to be both enjoyable and 

constructive to all concerned . 

Thirdly, the preparation of the book (reference Chapter 8) brought together 

ideas from pupils, schoolteachers, a college of further education lecturer, 

an industrial training officer and a university professor . Their collective 

involvement gave the publication credibility. 

In addition, production of the tape-slide programme (reference Chapter 9) 

relied heavily on liaison between teachers and pupils, some of whom 
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wanted to train as craft apprentices. The programme, however, was only 

moderately successful when shown to a typical mixed class of c.S .E. 

pupils. It appealed more to boy students than to girls and the trial 

showings revealed once again that the mathematical interests and needs 

of c.S.E. boys and girls appear to be different. No doubt the programme 

would be more successfully used with selected classes or as part of a 

workshop course. 

Recommendations 

As a result of the research, it is considered that the following short-

term measures could be implemented by schools and industry in an attempt 

to improve the situation. 

It is suggested that schools should:-

1) Discuss syllabuses with employers to ensure that they are aware of 

what is being taught, and give them an opportunity to make 

constructive comments . 

2) Encourage much more liaison between primary and secondary schools 

and establish positive targets for achievement by pupils prior to 

transferring from one school to another. 

3) Encourage much more liaison between schools and colleges of further 

education with special regard to the contents of Mathematics 

syllabuses. 

4) Put more emphasis on basic arithmetic. 

I 

I 

I 

I 

____ j 
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5) Put more emphasis on mental arithmetic. 

6) Ensure that pupils have a good knowledge of tables, 

7) Realise that the imperial system is not yet obsolete and is still 

very important within industry. 

8) Put more emphasis on neatness and presentation of work, which 

has apparently deteriorated over the past few years . 

9) Request much greater support from parents with respect to 

encouraging their children to work hard, The Minister for Education 

pointed out at the Madeley conference that ,.Parents and society 

generally demand more of education, but it seems to me they do not 

always offer the support teachers are entitled to expect. Parents 

cannot demand discipline from schools if tbey do not insist upon it 

themselves. All of us know parents who seem unconcerned about how 

much television their young children watch, or even where their 

older children are." (15) 

10) Encourage teachers to visit local industry and commerce to see at 

first hand their problems. 

11) Investigate the possibility of work experience schemes/link schemes 

in industry for both pupils and teachers. 

12) Encourage pupils to stay on at school after the age of 16 only if 

they have already demonstrated that they will gain benefit from 

further studies. The C.B.I , Working Party (2) feels that not all 

those who stay on at school gain a worthwhile qualification and 
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as a consequence risk the frustrations caused by being outside 

the age of entry into certain apprenticeships. This point was 

echoed by Lindsay of the Shell Centre for Mathematical Education 

at the University of Nottingham in his paper given during the 

Brunel conference (25 ). It seems, however, that the Government's 

incentive of up to £7.00 per week to stay on at school after the 

age of 16 may, in some cases, be detrimental to the long-term 

job prospects of certain pupils (41). 

13) Schools should call for better text books. Generally for c.s.E. 

work texts lack in arithmetic practice. Collins, former 

Mathematics Adviser to the London Borough of Hillingdon, r a ised 

this point at the Brunel conference (25). 

It is suggested that industry should:-

1) Send typical selection tests to schools so that pupils can see 

what is required. The current secrecy regarding selection tests 

does not help to motivate the pupils to work hard at the basic 

Mathematics usually required. If pupils could see the type of 

questions they may be asked, then many of them would ensure that 

they are competent in, for example , fractions and decimals prior 

to interview. 

2) Give teachers the opportunity to make constructive comments on 

selection tests . Terminology used by industry and schools may 

differ slightly, to the disadvantage of the prospective apprentice . 

For exampl e , use of the formula V = IR. A teacher might say 

" i " Transpose t he formula to make the s ubject , whereas an 

I 

I 
I 

_____ j 



industrialist might say "Find the value of I". This type of 

anomaly could be removed by discussion. 
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3) Feed back information regarding results of selection tests. In 

this manner areas of weakness can be identified and schools can 

be given the opportunity to take remedial action during the next 

year. 

4) Always request a reference from school before final interviews. 

Some applicants may be truants from school and may give a totally 

false impression of school Mathematics, poor standards being 

attributable in some cases to poor attendance and lack of effort 

on the part of individuals. This would be mentioned on a reference. 

5) Think carefully about employment of truants, as a means whereby 

regular school attendance is encouraged. 

6) Emphasise the importance of Mathematics, English, etc. when 

addressing pupils in school. 

7) Request that pupils bring exercise books with them when attending 

interview as a means whereby pupil s will be motivated to take pride 

in their work. 

8) Encourage visits by both teachers and pupils to industry. 

9) Encourage the preparation of material in the form of films or slides 

which woul d show simpl e i ndustrial applications of basic Mathematics. 

If t hese could be mado available to schools they may be s uccessful 

in attracting and motivating pupils, particularly those working at 

C.S.E. level. 
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Suegestions for Future Research 

As a long-term measure, the following may be worthy of investigation. 

1) Develop the ideas currently being used by such groups as The 

Working Mathematics Group (42). It is suggested that such ideas 

could be developed regionally to suit the particular requirements 

of individual areas. Initially it would be proposed to set up a 

working party consisting of teachers from schools , further and 

higher education together with representatives from industry and 

commerce, It is suggested that County Mathematics Advisers would 

have the necessary contacts and expertise to convene such meetings . 

2) Develop the ideas of Mathematics laboratories as outlined by 

Baig (43), where practical applications could be demon~trated by 

the use of equipment. For example trigonometry may involve the 

clinometer, sine bar, slip gauges, etc . ; experiments regarding 

the circle could be conducted by bending lengths of material to 

produce certain shapes to check if calculations of unbent lengths 

of material have been correct; the Theorem of Pythagoras could 

be employed by calculation and checking of the hole centres of 

a component . 

A scheme of this type would need well-structured, well-written 

experiments with pupils working individually or in groups (this 

method is successfully used by some schools during Physics 

experiments) . The intention would be to reinforce practical work 

by classroom sessions in order that common core topics would not 

be overlooked. 
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3) Investigate the differing approaches to Mathematics teaching. 

For example, what are the merits of individualised learning versus 

class teaching?; what are the merits of mixed ability teaching as 

compared with a streamed situation? 

Some of the problems experienced by school leavers may have arisen 

as a result of uncertainty on the part of teachers that they are 

teaching the 'right' method. In a system where schools are given 

near autonomy concerning teaching methods do they prepare 

sufficiently well for radical changes? In "Mathematics in School" 

Gibbons raises many questions to be answered by teachers regarding 

mixed ability teaching (44). Could decisions by schools to change 

teaching methods in order to be progressive have a disastrous 

effect on their pupils? As one of the industrial training officers 

said "Experiments in education can affect people for life". 

4) Many researchers into problems of numeracy deal with 'the average 

student' and study the achievements of a large sample. The excellent 

case study by Dickson (45), which deals in depth with the achievements 

and experiences of 10 students, has much merit in that the progress 

and attainment of individual students is thoroughly investigated. 

It is felt that this approach could usefully be employed in future 

research work into the motivation of various types of student. By 

a concentrated study of individuals, reasons for under-attainment 

may become more apparent. 

5) Future research might take place concerning the evolution of our 

educational system and its effects on both staff and pupils, 

especially at secondary school level. Industrialists constantly 

__ j 



criticise teachers and schools but they fail to appreciate the 

pressures of teaching, A fellow schoolteacher gave the author 
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his ideas of comparison between past and current trends in schools 

(reference Figures 1 and 2), Is this a true reflection and if so 

does the future endless loop spell trouble for our schools and a 

further decline in standards? 

---------------------------------------------------------------- -------- ---
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THE PAST 

I 
Small School Small Schools - resources 

usually limited, 
,(/ "" 

Headmaster/mistress and 
Small Administrative Duties 

deputies usually taught at 

v least half timetable. 

Teaching, Preparation, Marking 
a priority 

Headmaster and staff known 

v by all pupils. 

~ 

Discipline Good (Small Numbers) 
Good pupil/teacher ratio, 

,v 

Problem Pupils Dealt with Staff turnover small. 

Speedily by Head and Deputies 
Tradition and loyalty of 

v 
staff valued, 

\Vorkrate and 
Academic Progress Good 

,v 

I 

FIGURE 1 
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CURRENT DEVELOPMENTS 

I 
Large Schools - resources 

usually good. 

Larger Schools 

- Principal (formerly Headmaster/ 

mistress) does not teach. 
More Administrative Paperwork 

and Meetings for Teachers 

it He/she is known by some pupils 

but not all. Main function to 
Less Time to Prepare 

and Mark Work chair meetings, formulate 

policies with 'management 

executive team ' . 
More Problems \'fi th Pupils 

in Class 

, it 
Pupils know some staff but not 

all. Some staff unknown to 

Discipline Declines other staff. 

,v 

" 
MaQY people classed as teachers 

\Vorkrate, Academic Progress 
Declines are, in fact, administrators 

with very limited teaching 

commitments . Seemingly good 
More Pastoral Staff Required 

for both Academic and pupil/teacher ratios unsatis-
Discipline Problems 

factory at classroom level due 

to reduced teaching posts. 

Higher Paperwork Load, 
Reduced Teaching Commitments 

for some Teachers 
Staff turnover high (they want 

to teach but are restricted by 
More Senior Administrators 

Required to Formulate Policies paperwork) . Tradition and 
to Improve Situation 

' 
loyalty of staff discouraged 

f 

and considered to be ' old-

fashioned' . 

FIGURE 2 
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APPENDIX l 

TYPICAL INDUSTHIAL SELECTION TESTS USED 

WHEN INTERVIEWING APPLICANTS FOR CRAFT APPRENTICESHIPS 
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SELECTION TEST - FIRM A 

Time Allowed - 40 minutes 

(1) 0.2 X 0 . 3 (2) 1.13 X 0.04 

(3) 0.00995 - O.OB (4) 32 

(5) ( 13 - 3) X 5 + 1 (6) 84 f 82 

( 7) 4 2 
X 3

3 
(8) 14 X 0 

(9) 9 , 213 f 13 Correct to 2 decimal places 

(10) A circle is divided into 12 equal sectors. What is the angle 

of each sector? 

(11) Calculate the circumference of a circle of diameter 2.85". 

(12) Divide £25.85 by 11 

(13) Find the sum of £18.07, £19.03 , £0.18 

(14) Multiply £0.93 by 3 

(15) Subtract £1 . 37 from £15 .18 

(16) Multiply £877 .60 by 5 

(17) A man buys a house for £5,000 and sells it for £6,000. What is 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 

his percentage profit? 

Find the sum of 2 .8g, 28g, 315g. 

If 1" = 2.54cm, how many cm in 14.5"? 

Work out 1 ,325 f 14 to 2 decimal places 

How many pence in £2.45? 

1 1 
Work out 2 + 4 

7 - 2 + 5 - -3 

Simplify 25 - 7 
12 

1 l l 
- + ---
2 16 3 

3 1 9 
1- + 18 + l6 4 

continued/ ••• 
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Selection Test - Firm A (continued) 

(27) 
5 9 3 

1- + 1-- 132 8 16 

(28) 
1 1 
4x2 

(29) 
2 1 
5x9 

(30) 
1 1~ 1- X 
5 4 

(31) 
1 • 7 
2';'8 

(32) ~!..! 
2 • 8 

(33) 
1 

Convert I6 to a decimal 

(34) Convert 0 .625 to a fraction 

(35) 
1 1 

Work out 0.375 + 8 - 32 giving your answer as a fraction 



SELECTION TEST - FIRM B 

Time Allowed - 30 minutes Questions can be attempted in any order. 

Do not waste time on questions you cannot do. 

( 1) 226 + 123 (2) Subtract 179 from 236 

(3) Divide 812 by 4 (4) Multiply 797 by 9 

(5) What is the square root of 144? 

(6) What is the val.ue of 92? 

( 7) 3 
a decimal (8) Work out 4 3 Convert - to -s+ 4 8 

(9) 7 3 
( 10) Work out 1 1 

Work out 'i6 - 32 4x3 

(11) Convert 0.25 to a fraction 

(12) Work out 1.923 + 139 + 0.00215 

(13) Subtract 13.63 from 19.08 

(14) Work out 28.6 x 4.7 

(15) Divide 256 by 0 . 16 

(16) 

Find X 

( 17) What is the square root of 13. 3? 

(18) What percentage of 60g is 20g? 

(19) Work out the weekly 

gets SOp per hour. 

gross wage of a man who works 40 hours and 

2.'- 9 ,, 

(20) 02~3" 
\'fork out the area of the rectangle 

(21) 

~ What is angle A? 
3 
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(22) A circle is divided into 8 equal sectors. What is the angle of 

(23) 

(24) 

each sector? 

1 4 of my money is £8. 50. How much do I have? 

1 
How many square cm in ~ square metres? 

continued/ ••• 



Selection Test - Firm B (continued) 

(25) What is the area of a circle whose diameter is 18"? 

(26) What is the circumference of the above circl e? 

(27) 

Find X and Y 

(28) 0 0 
3" 
4 8 

J. 2o .3'1 0 ·tf91 11 

0 
11" 
16 

X 

""VI 

~ 
~ 

"'" ~ 
...... 

1\:'J 

' 

0 
23" 
32 
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If you were asked to select a bar as near to 0.623" as possible, 

(29) 

(30) 

( 31) 

which of the above would you choose? 

Find the area of the triangle. 

s2 - 32 
Calculate ----

42 

Find Y 

/ · 2. 

'/ 

(32) A man earns £66 for a 40 hour week. How much will he earn for 

a 44 hour week? 

(33) What is the perimeter of a square whose area is 225sq.ins.? 

(34) What is the length of a diagonal of the above square? 

(35) 

Find angle X in the ,, 
parallelogram shown. 



SELECTION TEST - FIRM C 

No Time Specified 

(1) 

(2) 

(3) 

(4) 

(5) 

( a) 3 x 7 = 
(d) 7 X 9 = 

(a) 

(a) 

(a) 

(a) 

1 3 
4+9= 

5 15 28- 116 = 

~X 3 = 
4 

(b) 6 X 9 = 

(e) 11 x 12 = 

(b) 

(b) 

(b) 

(b) 

1..2... + 1.! = 
16 4 

&{.-~= 
4 8 

5 3ft X 5 = 

~!. 4 = 16 • 

(c) 8 x 9 = 

(f) 3 X 15 = 

( 6) 

( 7) 

(a) 4 .776 + 8.221 = (b) 9.663 - 2 . 442 = 
(a) 9.633 x 8 = (b) 4 . 661 X 3 = 

( 8) (a) 19.2 ;. 4 = (b) 2 . 667 ~ 3 = 
(9) Convert into mm (note 1" = 25. 4mm) :-

(a) ~" 
4 

(b) 4
11 

(10) Convert 88. 9mm to inches 

( 11) If a circle has diameter si" 
(a) Find its circumference (b) Find its area 

(12) Convert the following to decimals: -

(a) (b) 
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SELECTION TEST - FIRM D 

Time Allowed - 45 minutes 

(1) 
3 ~ Work out 1- + 4 8 

( 2) Work 7 
out 16 + 

3 132 

(3) 
1 1 

What is 2 of 2 7 

(4) Divide * by -l2 
( 5) Convert the following to decimals:-

(a) 1 (b) 1 
(c) 

7 (d) 9 
4 2 8 16 

(6) \'fork out:-

(a) l~ - 1:.2 (b) 
3 • 3 

8 16 41'8 

(c) 9 8 (d) 1.! :. l~ lM X g 2 • 4 

(7) Find (a) the circumference and (b) the area of a circle of 

(8) 

1, 
radius ~ • 

Find the volume of the shaft shown. 

<-iCO ) ~~L--~-2 ~~--J 
(9) Calculate the surface area and volume of a rectangular box 

3" X 4
11 

X 5". 

(10) Find the average length of six 

9.250, 9 . 251, 9.248, 9.247, 9.252, 9.240 . 

continued/ ••• 
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Selection Test - Firm D (continued) 

1·375
11 

(11) X 0·863 

+ 
Work out X and Y >-.. ll) 

r~ 
0 
~ 
........ 

() 

(12) Work out:-

(a) 103. 6 : 1 . 6 (b) 142 

(c) J 144 (d) j 89.5 

(13) An alloy contains 2g of zinc, 3g of tin, 5g of copper. What 

percentage of each metal is contained in the alloy? 

(14) 

Calculate Angle A 

(15) Find 

(a) length of side X 

(b) Angle A 
3 



SELECTION TEST - FI~i E 

Time Allowed - 5 minutes 

( 1) ADD 

2135 
132 

5 
1093 

( 5) MULTIPLY 

£ p 
2 68 

5 -

( 9) SUBTRACT 

(13) 

31421 
29589 

MULTIPLY 

£ p 
3 18 

9 

( 2) SUB'IRACT 

8691 
2989 

(6) ADD 

£ p 
9 16 

84 
101 76 

(10) MULTIPLY 

(14) 

8913 
34 

DIVIDE 

42 ) 8841 

(3) MULTIPLY 

1231 
43 

(7) DIVIDE 

12 ) 19632 

(11) ADD 

(15) 

176 
3984 

21 
2219 

SUBTRACT 

£ p 
37 16 
29 87~ 

219 

(4) DIVIDE 

3 8712 

(8) SUBTRACT 

£ p 
18 141 

5 99 

(12) DIVIDE 

9 r 7758 

(16) ADD 

£ p 
8 93 
9 41! 

872 



SELECTION TEST - FIRhf F 

No Time Specified 

(1) 163 
229 + 

(5) 944 
667 -

(9) 662 

__1 X 

(13) 4 ) 896 

(2) 316 
172 + 

(6) 997 
112-

(10) 887 
9 X 

( 14) 3 ) 699 

Simplify the following fractions:-

(17) 
3 1 1 
a+I6+4= 

3 1 
(19) 4x3= 

Convert to decimals:-

(21) 
5 (22) 3 
8 5 

Convert to fractions: -

(25) 0 . 75 (26) 0 . 33 

Simplify the following:-

(29) 834,96 X 1.09 

(3) 115 

297 + 

( 7) 163 

--22 -

(11) 412 
7 X 

(15) 9 ) 882 

(18) 
1 1 - - - = 3 5 

(20) 3 1 
f 16 = 

(23) 
9 

100 

(27) 0 . 021 

(30) 

(4) 447 

1 69 + -

(8) 443 

~-

(12) 687 
9 X 

(16) 8 ) 864 

(24) 7 -8 

(28) 1.625 
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APPENDIX 2 

MATHEMATICS TEST: 

INDIVIDUAL TEACHERS' ESTIMATES COMPARED WITH ACTUAL SCORES 



-------------------------------------------------------------~-------- ----- - -

Estimate 

Actual Score 
100 

90 

80 

,..... 
1:.~ 70 ..... 
tl) 

41 
$.t 60 0 
0 

en 
M 50 
Gl 
::J 
~ 
0 

40 < 
"0 
@ 30 
"0 
Q) 
~ 

~ 
..-4 

20 

~ 
tl) 

10 ~ 

0 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

Questions 

TEACHER A - ESTnr1ATES COMPARED WITH ACTUAL SCORES (CJo OORRECT ANSWER) 



Estimate 

Actual Score 

lOO 

90 

80 

,..., 
70 t.~ .._, 

(/) 
60 Q) 

$.4 
0 
() 

U) 
50 

r-4 

~ 
+> 40 0 
< 
'0 
17:: 30 
a! 

"0 
Q) 

20 +> 
('j 

~ 
+> 10 Cl) 

~ 

0 

1 2 4 5 6 1 2 13 14 15 16 17 18 19 20 21 22 23 24 25 

Questions 

TEACHER B - ESTIMATES COMPARED WITH ACTUAL SCORES ( '7o CORRECT ANSWER) 



Estimate 

Actual Score ---------
100 

90 

80 

""" 70 .. ~ ......, 

Ul 
Q) 60 f.4 
0 
0 

Cl) 

50 
r-1 
al 
=' +> 
0 40 
< 
'0 
1:: 30 al 

'0 
Q) 

+> 
al 20 
E 
..-4 
+> 
Ul 10 

Cs:1 

0 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

Questions 

TEACHER C - ESTIMATES COMPARED WITH ACTUAL SCORES (~o CORRECT ANSWER) 



Estimate 

Actual Score 
100 

90 

80 
""' t.lt 
'-' 

Ill 70 
Cl) 
M 
0 
() 60 

Cl) 

....c 
as 

50 ::J ... 
() 

< 
-g 40 
as 
'0 30 
Q) ... 
~ 20 .... ... 
Ill 

Cll 
10 

0 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

Questions 

TEACHER D - ESTIMATES COI\1PARED WITH ACTUAL SCORES (~o CORRECT ANSWER) 



Estimate 

Actual Score 
lOO 

90 

""' 
80 

~ 
"-' 

0) 70 
Ill 
$.1 
0 
0 

60 (/) 

~ 

~ 50 ..., 
0 
< , 
s:l 

40 
(U , 

30 Gl 
+) 

! 
20 ~ 

rtJ 
tO 

10 

0 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

Questions 

TEACHER E - ESTIMATES COMPARED IVITH ACTUAL SCORES ( ~o CORRECT ANSWER) 



.-------------------------------------------------------------------------------------------------------------------------·-- - -

Estimate ---- -

lOO Actual S -

90 

""' 
80 

.. ~ 
-....; 

Cl) 70 Q) 
s.. 
0 
0 

Cl) 60 
r-1 

~ 
50 ... 

0 
< 
'0 40 1:: 
aS 

'0 
«< 30 ... 
"' ~ 

20 ... 
Ill 
~ 

10 

0 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

Questions 

TEACHER F - ESTIMATES COMPARED WITH ACTUAL SCORES (~o CORRECT ANSWER) 



Estimate 

100 
Actual Score --------

90 

..... 80 

.. ~ 
'-' 

fll 70 
Cl) 
J..j 

0 
0 60 ("/) 

r-4 

~ 50 +.> 
0 
~ 

"0 c: 40 
cd 

"0 
30 Cl) 

+.> 
cd 
6 

"" 20 +.> 
UJ 
~ 

10 

0 

1 2 3 4 · 5 6 7 8 9 10 11 12 13 14 5 16 17 18 19 20 21 22 23 24 25 

QJ.Iestions 

TEACHER G - ESTIMATES COMPARED WITH ACTUAL SCORES ( '?o CORRECT ANSWERS) 



APPENDIX 3 

SHORT COURSE BOOKLET 

INITIAL AND FINAL TESTS 

TEACHER ' S GUIDE 
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SHORT COURSE - MATHEMATICS FOR CRAFT APPRENTICES 

1 . Signifi cant Figures, Decimal Places and Estimation 

(a) Write down the following numbers correct to the number of significant 
figures stated: -

( 1) 18.97451 (a) to 6 {b) to 4 (c) to 2 {d) to 1 

(2) 0.0038175 (a) to 4 {b) to 3 (c) to 2 (d) to 1 

(3) 1 . 948476 (a) to 5 (b) to 6 (c) to 3 (d) to 2 

(4) 11387935 . 9 (a) to 7 (b) to 2 (c) to 4 (d) to 1 

(b) Write down the following numbers correct to the number of decimal 
places stated:-

(l) 5.239771 (a) to 5 (b) to 3 (c) to 2 (d) to l 

(2) 186.27679 (a) to l (b) to 3 (c) to 2 (d) to 4 

(3) 0.064897 (a) to 5 (b) to 4 (c) to 3 (d) to l 

(4) 8.86299 {a) to 1 {b) to 4 {c) to 2 (d) to 3 

(c) Obtain an approximate answer to the following calculations by 
correcting all the numbers to 1 significant figure (give answers to 
1 significant figure):-

(1) 29. 6 X 34 . 1 {2) 87. 7 X 9 . 2 {3) 0.00354 X 227.9 

(4) 0 . 0884 X 110 (5) ~ (6) 0.00562 
o. 75 130 

(7) 14 . 3 X 15.9 (8) 97 X 0 . 0125 (9) 84 X 97 X 15 
215 600 0 . 012 

(10) 61 .5 X 0 . 13 (11) 41 . 7 X 88 (12) 1375 X 97. 6 
79.6 97 4 1 .9 

(d) Sketch the following shapes and (without using a rule) estimate and 
fill in the missing dimensions :-

(1) 

'----1 ___ _____,,~ 
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l.Significant Figures, Decimal Places and Estimation (continued) 

(d) 

(2) 

1 
~--------------------~~--~ ,_ 

CM ttl 

(4) (5) 
(s) 

Now check each length with your rule and add the correct 
dimension in pencil. 

-I 



2. Fractions 

Work out the following:-

1 1 1 
(a) 3 + 2 + 4 

(d) 
1 13 
~+32 

(g) 
1 3 

1- X -4 4 

( ) 3 • 9 
j 4-;'16 

(m) 5 • 1 
18-;' ~ 

3 5 1 
(b) 8 + 16 4 

3 2 
(e) - x -4 9 

(h) 
1 1! 1- X 
9 5 

(k) 
7 • 3 

16 -;' 32 

(c) 1.!! 
16 

1~ 
8 

(f) 
2 7 
5x8 

( i) 
3 
8th of £480 

(1) ~ • 1 
4 -:'8 

(n) The sketch shows a pin. It has length L = ~~~ and diameter 

3 .. 
D = 4 . Neatly sketch the pin and, using the values given for 

L and D, calculate (a) actual dimensions; (b) X. 

Show the dimensions on your sketch. 

I-

o[ 0 
- I<() -- -...... 

L_ - t 

lL 
4 

j_L 
6 

3L 
8 >< -

L 

232 



2. Fractions (continued) 

(o) The Vee ' d plate shown below has 4 holes drilled through it . 
From the dimension~ given find (l) dimensions A and B; 
(2) the radius 'of each hole . 
Four metal pins are inserted into the holes and distances 
c, D, E, F are to be checked. Calculate these values from 
the information given. 

(p) From the dimensions given, calculate L, R and X. 

X 

13" 
32 

..... 

233 
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3 . Decimals 

Worl< out the following: -

( a) 105. 13 + o.on + 27.33 (b) 333 + 715. 77 + 0 . 0005 

(c) 991 - 87. 9 (d) 3000 - 18. 91 

(e) 91.7 - 82.303 {f) 945.3 - 0 . 0025 + 1.57 

(g) 14 . 5 X 21.9 {h) 0.013 X 57.2 

(1) 1 . 75 X 29 . 71 (j) 409.5 . 13 T 

( k) 559 . 3 . T 17 (1) 2116. 8 f 5 . 6 

(m) 884.4 f 6 . 7 

(n) A component consists of a flat plate with two pins positioned and 

fixed as shown below. From the dimensions given, calculate: -

(1) A, B, C, D, E, F, G 

(2) The radii of the two pins 

(3) The perimeter length of the flat plate 

l ac?· 7 1/'f'lm 

A _I 16o ·oB mm 

tO 
26·5mM 

DJA 
\J t-

I 

- - - r f 

\( ~ ~ _/ r 00 f 
~ ~ ~ 

"-l\ () 
I E. I V) 

I 

4 o-somm D 6o·8omm 

~ 
~ 

~ I ___;_.; 
I i ll) 

~ ~ ~ I 
~ 

. 
~ ~ 

~ . ~ 

----------------------------------------- --
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3. Decimal s ( cont inued) 

(o) Convert the following vulgar fractions to decimal fractions 
(work to 3 decimal p l aces): -

(1) 
1 

(2) 
1 

(3 ) 
1 

(4) 
1 

(5) 
5 

(6) 
1 

2 4 8 3 8 5 

( 7) 
l 

( 8 ) 
7 

(9) 
1 

(10) 
15 

(11) 
19 

( 12) 
13 

16 8 64 32 64 16 

(p) Convert the following decimal fractions to vulgar fractions 
(in their lowest forms):-

(l) 0 . 7 (2) 0 . 03 (3) 0 . 125 (4) 0 . 15 (5) 0 . 009 

(6) 0 . 625 (7) 0 . 016 (8) 0 . 875 (9) 0 . 45 (10) o. 771 

(q) A man is asked to produce a bar 0 . 610" diameter . In the metal 
store the materials available are: -

1.. g ., 5.. 11.. 3 .. 2 diameter , I6 diameter , 8 diameter , 
16 

diameter, 
4 

diameter . 

Which bar will he choose in order to waste the least amount of 
material when machining? 

(r) If 1" = 25.4mm , convert the following to mm., giving answers 
correct to 2 decimal places: -

(l) 2 . 6 " (2) 7 . 36" (3) 14 . 55
11 

(4) 0 . 375
11 

(5) 1 . 75
11 

(s) If 1 " = 25 . 4mm., convert the following to inches, giving answers 
correct to 3 decimal places :-

(l) 37 . 4mm (2) 95 . 5mm (3) l4 . 6mm (4) 2 . 3mm {5) ll6mm 

(t) (l) Calculate the cost of 137. 5kg of material @ £4 . 21 per kg . 

(2) Calculate the cost of 87 . 6m of material @ £1 . 65 per m. 

(3) Calculate the cost of 44m2 of material @ 
l 

£44 . 212 per m. 2 

(u) Calculate the gross wage of employees who work: -

(l) 40 hours @ 97p per hour 

(2) 
1 

44'2 hours £1 . 37 per hour 

(3) 65 hours @ £1 . 05 per hour 
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4. Logarithms 

5. 

(a) Use four figure logarithms to work out the following: -

(1) 2.36 X 3.24 

(4) 3 . 624 X 2 . 315 

(7) 2086 X 1 . 104 

(10) 9804 
5073 

(13) 1103 X 77 . 31 
89 . 95 

(16) 14730 
1972 X 1 . 091 

(2) 

(5) 

(8) 

( 11) 

(14) 

(17) 

2 . 73 "3.18 

5 . 278 X 1. 406 

8671 " 3295 

17. 08 X 20. 43 
19.37 

1621 X 184 
1113 

14 . 13 
1 . 095 X 3 . 625 

(3) 

(6) 

(9) 

(12) 

(15) 

(18) 

4 . 19 X 1 . 84 

2073 X 4 . 108 

8007 
6. 50J 

70 . 3 X 6 . 74 
8 . 331 

5070 X 1196 
21. 47 X 135. 9 

97. 3 X 199. 2 
16. 4 X 18 . 7 X 1.77 

(b) Use four figure logarithms to work out the fol lowing:-

(1) 0 . 1375 X 0 . 003120 

(3) 0 . 0175 X 0 . 5131 

(5) 4781 X 0 . 9375 

(7) 473600 X 0 . 003714 

(9) 2741 X 0 . 514 X 0 . 0372 

(11) 0 . 003518 
0 . 0008977 X 137 

(13) 0 . 000442 X 1761 
5977 

Squares and Squar e Roots 

(a) Use logarithms to work out the 

(l) 61 . 322 (2) 913. 9 2 

(5) 4 . 7842 (6) 0 . 003212 

(9) ./ 85 . 91 (10) j 471 . 2 

(13) ./ 727100 ( 14.) / 63 . 21 

(2) 0.003712 X 0 . 1315 

(4) 375 . 3 X 0 . 002131 

(6) 87. 89 " 0 . 000331 

(8) 73. 61 X 0 . 008215 X 0 . 7376 

(10) 4782 X 0 . 003713 
0 . 002142 

(12) 0 . 774 X 7261 
0 . 00215 

(14) 87. 03 X 0 . 0973 
0 . 0532 X 1075 

following: -

(3) 813102 (4) 

(7) 0 . 00033212 (8) 

(11) .; 8881 (12) 

(15) j 0.0007781 (16) 

37. 32
2 

0 . 1562 

J 447000 

/ o . o572 

(17) 1 o . o 1o1 (18) 1 o . oo3345 (19) j o . oo00959 (20) 1 o . 4472 
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5 . Sguares and Sguare Roots (continued) 

(b) Use " <>quare" Tables to work out the following:-

(1) 6 . 6732 (2) 23 . 972 (3) 139. 42 (4) 873 . 12 

(5) 75192 (6) 81 . 922 ( 7) 0 .13752 (8) 0 . 0252 

(9) 0.6252 (10) 0.001312 (11) 0.0009842 (12) 0 .00752 

(c) Use " " i Square Root Tables to work out the follow ng:-

(1) j 4. 761 (2) j 59. 73 (3) / 6718 (4) ) 7913000 

(5) 1 8256o (6) j o . 007931 (7) J 0.9342 (8) j o.0485 

(9) J o . 5051 (10) .jo. 7790 

6 . Theorem of Pythagoras 

(a) Find the missing lengths in the following triangles:-

(1) (2) (3) 

7-5rn ~42-.n 
8 ·1 m lb·Brnrn c 

(4) (5) (6) 

/3·77cm B5mm 

( 7) (8) 

G 
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6. Theorem of Pythagoras (continued) 

(b) A lean-to garage is 2.4m wide and the roof is pitched so as to be 
3.4m high on one side and 2.9m high on the other. What is the 
rafter length of the roof? 

(c) A box measures 70mm by 52mm. It is to be divided into two 
compartments by a diagonal partition. What must be the length of 
the partition? 

(d) A ladder 5m long stands against a vertical wall on level ground 
with its foot l.Sm froa the wall. Calculate how far the top of 
the ladder is from the ground. 

(e) A piece of thin wire is bent as shown. 
of wire required. 

Calculate the total length 

30"'m 5o,.,, I tzo,.. ,.., 

(f) A casting is shown below, bores being indicated by shaded areas. 
From the information given, calculate centre distances A, B, C and D. 

-----,.c.../ ------7 

< ---4---® -t-

\) 
\{) 
' 

~ 
~ 

~ l 
\ll --
~ ~ 

"- ~ 

....... 

~ 
'Sl 

7· 1'2. 5 I/ 

!4 . 50 ,, 

2'3 ·7 5'' 
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7. Lengths , Areas and Volumes 

(a) (1) Give three examples of units of length 

(2) Give three examples of units of area 

( 3) Give three examples of units of vol ume 

(b) Name the following shapes and calculate (1) the lengths of their 
perimeters; (2) their areas. 

St-n~ 

-I 

r s 
l/J 

~[I 

r 
/5 'I 

' ~------~----~~ 

(c) The circumference of a circle = ? 

The area of a circle = ? 

..d"""" 
I SO mm 

1 I 

2] I 

D 
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7. Lengths , Areas and Volumes (continued) 

(d) If 7f = 3 . 142 

(1) Calculate the circumference of a circle with diameter 14cm. 

( 2) Calcul ate the circumference of a circl e with radius 6 . 3". · 

(3) Calculate the circumference of a circle with diameter 18mm. 

(4) Calculate the circumference of a circle with radius 45mm. 

(5) Calculate the areas of the circles in parts (1) to (4) a bove. 

(e) Calculcte the volumes of the following prisms:-

L 3 o m"' 

6'' 

12.'' 

(f) A block is to be made, as shown, 
from aluminium. If lcm3 of 
aluminium has a mass of 2.7g, 
find the mass of the block. 



7. Lengths , Areas and Volumes (continued) 

a. 

(g) You are asked to make 
a fully enclosed container 
as shown. Calculate 
(l) its volume 
(2) the total surface area 

(h) The component shown is to 
be made in cast iron. 
If lcm 3 of cast iron has 
a mass of 7 . 9g , calculate 
the total mass of the 
component . 

Angles 

(a) Explain exactly what the terms 
mean as applied to angles. 

(1) acute , 

., ----- - ....... 

41-ioL~.S 
DIZ1LLED /Heo

1 

I cM Ot4 

{2) obtuse, (3) reflex 

(b) Draw accurately and clearly mark the following angles: -

(1) 121° (2) 246° (3) 25° (4) 335° 

(c) (1) How many minutes are there in a degree? 

( 2) How many seconds are there in a minute? 

(3) How many seconds are there in a degree? 
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B, Angles (continued) 

( d ) Add together the following angl e s:-

( 4) 16°32 ' 4 7" and 1 ~49 ' 18" 

(5) 14°8' 1911 and 7~54'37" 

(e) Subtract the following angles:-

(6) 13034 ' 18" from 40°1 ' 1611 

9.Al gebra 

(a) 

(b) 

Solve the following equations:-

(1) 2x + 9 = 17 ( 2 ) 3(x-4) = 6 

(3) 3x + 3 = 12 (4) ( x + 7) = 4 
2 5 

(5) 2(2x + 1) = 18 (6) 7x - 1 = 27 

(7) 
1 3 6 (8) 

1 
4"+ = 3Cx + 2) = 14 

( 9 ) X (10) 1 8) 3(2 + 1) = 9 3C2x + = 12 

1 
10) (12) 1 

5) = (ll) 5(5x + = 3 2(2" + 4 

(13) 2x - 3 = x + 9 (14) 3x - 5 = 4x + 6 

(15) (3x - 2) = 2x - 1 
4 

R = RV x r is a formula for the calculation of rates 
lOO 

where R = rates pa id (£) 

RV = rateable value (£) 

r = rate (pence in the £) 

Transpose the formula to make: -

(1) RV the subject 

(2) r the subject 

(3) A house owner pays £136 rates per year. The rate charged, 
r , is SOp in the £ . Calculate the RV of the house. 
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9. Algebra (continued) 

(c) The formula connecting r . p.m. (revolutions per minute) and 
cutting speed is N = 12s 

1T d 
where N = revolutions per minute of spindle 

s = cutting speed (ft / min ) 
d = work or cutter diameter (in ) 

Transpose this formula to make:-

(1) s the subject 

(2) d the subject 

(3) Calculate N when s = l50ft./mil' . and d 
ltt 

=2 . 
(4) Calculate the rev /min . for a 2" bar to cut at 80ft ./min. 

(d) The formula for conversion of~. into 0 c is c = ~(F - 32) 

Transpose the formula to make F the subject. 

Convert the following: -
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(2) 63~ into 0 c (3) 185~ into 0 c 

(4) 98°C into ~ (6) 0°C into ~ 

(e) Horsepower may be calculated using the formula HP = I2R 
746 

\ihere I = current in amps 
R = resistance in ohms 

Transpose the formula to make:-

(1) R the subject 

(2) I the subject 

(3) Calculate HP if R = 3000 ohms , I = 3 amps 

(4) Calculate I if HP = 4 . 5 , R = 1000 ohms 

(5) Calculate R if HP = 10 , I = 5 amps 

(f) A man' s wage is increased by a quarter to £65 . What was it 
before he obtained the increase? 

(g) A rectanBular field is to be fenced. Its length is three times 
the breadth. A farmer is told that 824m of fencing is required . 
From this information calculate the length and breadth of the 
field . 
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lO. Percentages 

(a) Express the following perc:entages as vulgar fractions:-

(1) 5% (2) 85'7o (3) 14~o (4) 
1 

33-J'o 

(5) 40% ( 6) 125% ( 7) 150'; (8) 1s 2 

(b) Express the following percentages as decimal fractions : -

(1) 35}'. (2) 17% (3) 21 . 5% (4) 
1 

1~ 

(5) 1 
1~% (6) 98'7o (7) ~· (8) 17.25'1o 

(c) Convert the following fractions to percentages: -

(1) 1 (2) 1 
(3) 

1 
(4) 

13 -4 5 3 20 

(5) 11 
8 

(6) 0.375 ( 7) 0.05 (8) 0.95 

(d) Find the value of: -

(1) 3% of 1800 (2) 7/c of £120 (3) 35% of £21,000 

(4) 18% of 240m (5) 6~c of 9 . 6kg (6) lOs</c of £400 

(e) Express the first of each of the following pairs of quantities 
as a percentage of the second: -

(1) 3, 10 (2) 50kg , 200kg (3) £15, £75 

( 4 ) 40p, £1 (5) 180g , l.Bkg . (6) £5.25, £1.05 

(7) £15, £45 (8) lrmn , lcm 

(f) A man earning £3 , 600 per year is given a 16% increase. What 
is his new sal ary? 

(g) A metal bar 2" long is heated and expands to 2 . 00611 long. 
Calculate the percentage increase in length. 

(h) A car is bought for £1 ,800 and sold for £1 ,500 . What is the 
percentage loss? 

(1) A soft solder consists of 307o tin, 697o l ead and 1% antimony . 
Calculate the mass of each element contained in 50g. of solder . 

(j) A metal bar should be 400mm long. When measured it is found 
to be 390mm lonb. Calculate the percentage error. 

(k) The total budget for buying tools in a machine shop is £25 , 000. 
4Q'lo of the budget is allocated to the purchase of milling cutters . 
After 6 months £4,550 has been spent on milling cutters. How much 
of the 40% allowance remains? 

(1) A group of 120 men have a vote to see if they should strike. 
90 men vote for a strike, 12 against a strike and 18 abstain. 
Express these values as percentages of the total. 



l l.Ratio and Proportion 

(a) 

(b) 

(c) 

(d) 

Write the following ratios in their simplest forms:-
l 

(1) 12 to 10 (2) 180 to 40 ( 3) 5 to l 

(4) 3 to ~ 
2 

(5) 12 to 120 ( 6) £15 to £60 

1 5 
(7) £100 to 50p ( 8 ) 4 t o 16 (9) £1 . 50 to £6 

(10) 400cm to 6m (11) 5 hrs . to 5 days (12) £5 to 80p 

£1,800 is to be divided between two families in the ratio 
4 to 5 . How much does e ach family receive? 

0 Divide 320 into 4 angles in the ratio 1 to 3 to 5 to 7. 

A gear wheel having 80 teeth is in mesh with a 25 tooth gear . 
v~at is the gear ratio? 

(e) Divide 420kg in the ratio 1 to 2 to 4 . 

(f) 12 simila r articles cost £16. 80. How much will 25 e.rticles cost? 

(g) A man earns £14 for 6 hours work . How much will he earn in 
27 hours? 

(h) A spring increases in length by 5 . 5cm when a load of 5kg is 
applied . What wi ll be the increase when a load of 9kg is 
applied? 

(1) A car travels at constant s peed. It goes 20km in 33 minutes . 
How far will i t travel in 77 minutes? 
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SHORT COURSE - "MATHEMATICS FOR CRAFT APPRENTICES " 

PHELIMINARY TEST 

Name .. • • . .•••• • .• • •••••••• . . • • •• . •• •. . . • Company • . . ..•.. .. .••• . . . .. .. . 

NO. QUESTION ANSIIEU 

1 Estimate , by correcting numbers to 1 
signi ficant figure , the value of: -

(a) 181 X 710 (a) ........... . 
(b) 0 . 075 X 17.5 (b) ....... .. ... 
(c) 3 . 4 X 0 . 00375 (c) .. .......... 

1 . 9 

(e.) 
1 5 (a) 2 4 + i6 ...... .... .. 

(b) 
1 1.!. (b) ~ - ... ......... 
3 4 

(c) 
1 12 (c) s:ix 7 

........... . 

(d) ~ !. .!. 
3 • 3 (d) ......... ... 

(e) 1 1 
(e) - of - ... ..... .... 

3 4 

3 (a) Add the following together ; 0 . 00105, 
1 . 97, 290 (a) ... .. ..... .. 

(b) Subtract 877.97 from 1000 (b) .... ...... .. 
(c) 1 . 95 X 299 ( c) .... .. ... ... 
(d) 87 . 5 ~ o. 76 Ans . correct to 3 si g . figs . (d) ..... ... .... 
(e) If 1" = 25 . 4nun . , convert a2:" 

2 
to mm . (e) ..... ..... .. 

(f) Express 3 decimal (f) 8 as a ....... .. ... 
( g) Express 0 . 85 as a fraction (g) .... ... ..... 

4 URe logarithms to work out:-

( a) 110 . 6 X 71 . 5 (a) ............ . 
(b) 79 . 6 . 18 . 5 (b) . .......... .. 



QUESTION 

"·: .;:~~_;·;~.: 
5 Use.' logarithms or tables to find:-

('i!) J 1161. 

(b) J 1.142 

(c) ./.0.0501 

(d) j 4000 

(e) 1 772 . 
(:f) 1.1422 

(g) 436.32 

(h) o. 7122 

6 Use· the Theorem of Pythagoras· to calculate: · 

(a) AE. 
: ..... :.I 

(b) AC 

(c) X 

" :I 

4/111 
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ANSWEH 

(a) " ............ 
(b) ............ 
(c) ............ 
(d) ............ 
(e) . . . . . :. ...... 
(f) ............ 
(g) .............. 

_'; 

(h) ............ 

(a) ·············· 
........... -· . 

(c) • • •'. • .... • • • • 

• 



NO. 

7 

, 

(a) 

(b) 

(c) 

(d) 

QUESTION 

"" 2'' "" ::::: "t 
...-- !...-- .,. 

~ 

~ 7'' ~ 
Calculate the area of the above shape 

What is the circumference of a circle 
radius 4m ? ( 7'\ "' 3,142) 

What is the area of a circle radius 
4m ? ( "1'i = 3,142) 

Calculate,the volume of this prism, 

3' 

.i ·.' 

~-~·~------~~ 
• I 

(e) Calculate the volume of this prism, 

248 

ANSWER 

(a) • . • • • • . • . • • . 

(b) •••••••••••• 

(c) ............ 
(d) . ·• . ' ..... ~ .. 

(e) ........... . 
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NO,, QUESTION ANSWEH 

(a) find if b 3, 2.5, 
::.:·:.: l;,s 

8 If a = be • a = c = 
. de d = 1, c = -1 (a) '<' .... • ............ 

(b) V = m 
Transpose the formula to make:- (b) " 

(1) I the subject (1) ................. 
(2) Calculate I if V = 240, R = 160 (2) ............ 

(c) y = ML3 
8Ef 

Transpose the formula to make:- (c) 

(1) M the subject (1) .......... ~ . 
(2) E the subject (2) ........ · .. ,. •:.• 

(3) L the subject (3) ........... · .. 
9 (a) What is 10')', of.£300? (a) ............ 

(b) What is [))', of £98? (b) ............ 
I 

331' (c) What is 3/G' of £99? (c) ............ 
(d) Express 3 as a percentage of 12 (d) ............ 
(e) Express 64 as a percentage of 320 (e) ' .............. 
(f) Express 9 as a percentage of 108 (f) ' ............ 

10 (a) Divide £720 in the ratio 1:4:7 (a) 1 share = 

............ 
4 shares = 

............ 
7 shares = 

............. 
. 

(h) If a man gets £8 for 7 hours work, how 
much will he receive for worldng 63 hours? (b) • ~:.~:.:/-::,~.I:~~.>,~ ... 

(c) The ratio of Bill's height to John's height 
is 5 to 4. If Bill is 1.75m tall, what is 
John's height? (c) . ............. 

.. 
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SHORT COURSE - "MATHEMATICS FOR CRAFT APPRENTICES" 

FINAL TEST 

Name • 

NO. QUESTION ANSWER ' . 

I 
1 Estimate, by correcting numbers to 1 significant ':• .: 

figure, the value of:-
. : 

(a) 195 X 210 (a) ............. 
(b) 0,0085 X 120 (b) .............. 
(c) 8,95 X 0,0113 (c) ............. ' ,. 

3,977 

.·.· .. ·· .. ···.·. I 2 Work out:-

(a) 1 3 (a) I 3+8 .............. ' 
' 

(b) 3!. -5 
1!. 

6 
(b) ............. 

(c) 
1 1~ (c) 

·:: 

~X 8 
............ l 

(d) ~.d. 
5 • 5 (d) ............ 

(e) 
1 3 (e) -of- ............ 
5 8 

3 (a) Find the sum of 113, 0.0192, 11,63, 1,975 (a) .............. 
(b) Subtract 95,97 from 111 (b) .............. 
(c) 1,09 X 66,3 (c) ............. 
(d) 14,7 .;. 3,6 Ans. correct to 2 dec. places (d) .............. 
(e) If 1" = 25 ,4U111l , convert 2.!" 

4 to mm (e) ............. I 
t 

(f) Express 
7 
8 

as a decimal (f) .............. 
' 

(g) Express 0,3125 as a fraction (g) ................ 
. 

4 Use logarithms to work out:-

(a) 747.9 X 88,67 (a) ............ 
(b) 188,7-+ 9.45 (b) ............. 
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NO. QUESTION ANSWER 

5 Use logarithms or tables to find:-
I 

(a) J 2827 (a) ..... , . ..: .......... 
(b) j 3,973 (b) ......... ~ .. 
(c) I o,o53 (c) ............ 
(d) J3000 (d) ............ 
(e) 1,212 (e) ............. 
(f) 9. 9772 (f) ............ 
(g) 14122 (g) ............ 
(h) 0,9112 (h) ............. 

6 Use the Theorem of Pythagoras to calculate:-

(a) X (a) ............ 
(b) y I (b) 

·.;~.;;.~.: .. ;·-(: ..... 
-

7·btM 

(c) Z (c) •••••••••••• 



'' 7 
' 

. 

I 

I 
(a) 

(b) 

(c) 

(d) 

(e) 

QUEST,ION 

·' 

11 
qll . l 

"' 
• t:() 
'!\ 
\{) 

~ 
!4" 

' 

.. - --- -

" .r--
Calculate the area of the above shape;· .. 

What 
lOm 

is the circumference of a circle 
diametor? ( 1f = 3.142) 

I . 

What is the area of a circle lOm 
diameter? ( 7r = 3.142>. i 

·' 
Calculate the · 2eM 
volume of this 
prism. 

( 

! 
I 

:~ 

,;I 

"' 
' . ~ 

~ 

'I'-

I\ 
-~i 

""----'-'-\..-----JV---L~: 
·' 

Calculate tlic 
volume of this 
ring •. : 

~ ... [ 

(a) 

(b) 

(c) 

(d) 
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. ANSWim 

...... " . . . . . ' 
,, ............ • .. ' 

·' .. ............ 

(e) • • • • . • ..... . 



NO. 

8 

9 

10 

QUESTION:··.• . . 

(a) If a = ~. find a if b = ~5, c = 2, 

(b) 

(c) 

(a) 

(b) 

(c) 

de d - :-2.5, e = .,-1 

a = be + d 
Transpose the formula )J;~ake:-
(1) d the subject 

(2) c the subject 

S = 7f DN 
1000 

~ '·--.-'·;- ~' , . ' ~ 

Transpose the formula to make:-

(1) D the subject 

(2) N the subject 

(3); Calculate S if D = 10 1 N.= 10, 
7f" = 3.143 

.. 

What is 307o of £150? 

What is 9% of £800? 

2 
What is 6~ of £6.60? 

(d) Express 4 as a percentage of 16 

(e) Express 68 as a percentage of 400 

(f) Express 995 as a per_centage of 1990 

(a) Divide 54kg,, 'in the ratio 1:2:3 

(b) If 12 cutters cost £9.60, how much will 
25 similar cutters cost? 

A plumber and his apprentice earn £49.35 
bonus be.twecn them. If they share it in 
the ratio 5:2 how much will each receive? 

-------------------·- -

. 
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ANSWER 

( 8.) •••••••••••• 

. 

(b) 

(1) ............ 
(2) •••••• ·-{~ •• \&.·, ...... , 

,:. ·;.; " ".'' 
'··" 

; . •.: 
'; 

(c) 

(1) ......... ·--~t?:4_~-

(c) ......... ~//;::: 

( ) .: . " .. 
d '.~:· ••.• " ••.. -~,.-•. , . . ' 

(e} ·• • • .. • .... • • • __ ·., 
' . 
' 

(f) ,., • • . • • . • • • .• • ' 
: .... · 

(a) '1 share = 

~-~ ...... ~-,, .. 
2 shares = 

.......... ~ . ' 
3 shares ·-

.............. 

(b) ................ 
(c) Plumber 

(5 shares) = 

........... ·'"-•:. 
Appren,tice ·· 
<2 ;;Ji~r:ei's) ,; 

'~~;:·1:>·" . . ..... ·;.-_ •. · ....... 
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SHORT COURSE 

MATHEMATICS FOR SCHOOL LEAVERS ENTERING CRAFT APPRENTICESHIPS 

Pilot runs of this course took place in the Summer Terms of 1976 and 

1977 at Burleigh College, Loughborough, Leicestershire. 

Aims of the Course 

255 

To provide practice for pupils in their last year at school in the basic 

mathematics required by craft apprentices, particularly those in the 

engineering industry. 

Suggested Time to Run the Course 

In the Summer Term, when c.s .E. examinations have :finished e.nd there is a 

time gap for pupils between completion of examinations and commencement 

of employment. 

Structure of the Course 

It is intended that the students should be tested before and after 

completing the coursework using the preliminary and final tests (suggested 

time allowed 1 - 1~ hours). 

The course is designed to last :for 27 - 30 hours (for pupils of c.s.E. 

Grade 3 ability). 

The booklet contains examples only and teachers msy find that some topics 

may have to be "class taught" prior to the students attempting the work. 

The preliminary test should indicate areas of weakness. 

Students will require four-figure tables. 
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ANSWERS 

1. 
Sifinific~nt Fi~ures 1 Pecimal Pla.ces and Estimation (Pae;e 1) 

(a) (1) (a) lB. 9745 (b) 18.97 (c) 19 (d) 20 

(2) (a) 0,003818 (b) 0.00382 (c) 0,0038 (d) 0.004 

(3) (a) 1,9485 (b) 1.94848 (c) 1.95 (d) 1.9 

(4) (a) 11387940 (b) 11000000 (c) 11390000 (d) 10000000 

(b) (1) (a) 5.23977 (b) 5.240 (c) 5,24 (d) 5,2 

(2) (a) 186.3 (b) 186,277 (c) 186,28 (d) 186.2768 

(3) (a) 0,06490 (b) 0.0649 (c) 0.065 (d) o.1 

(4) (a) 8.9 (b) 8,8630 (c) 8,86 (d) 8,863 

(c) Answers to 1 significant figure 

(1) 30 X 30 = 900 (2) 90 X 9 = 800 (3) 0,004 X 200 = 0,8 

(4) 0.09 x lOO = 9 ( 5) lOO = lOO (G) 0,006 = 0.00006 
.8 lOO 

(7) 10 X 20 = 1 (8) lOO x 0,01 = 0,002 (9) 80 X 100 X 20 = 20000000
1 

200 600 o.Ol 

(10) 60 X 0,1 = o.os (ll) 40 X 90 = 40 (12) 1000 X 100 = 3000 
. 80 lOO AO 

(d) (1) (2) 

,- 134111111 -I 
I l=n 

(4) 

\ 

Z·S" .I 
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1. 
Significant Figures and Decimal Places (continued) 

(d) (5) 

2. 
Fractions (Page 3) 

(a} 
1 

(b) 
7 (c) 5 (d) ~ (e) 1 

(f) 
7 (g) 

15 
112 16 16 32 6 20 16 

(h) 2 (i) £180 ( j) 1.!. 
3 

(k) 4~ (1) 26 (m) 
13 

3 28 

(n) 

·c= g-
~Q _,Q -
tt~lt ~~~ 

' 

. -:- ~-- L~'t i$'1 12>• 7 ,, 

lb ~ I :Ez lb 

3~ 
If· 

(o) A=1~", B - 2du C ::= 1~" 
- ·16 ' 64 ' 

E = 2" F ~~~ 
' = 2 

l3n 5,, ln 3n 
Diameter 3z T6 4 T6 

Radius 
l:Ju 5n ln 3n - -64 32 8 32 

(p) L = l 3
32
ln 

1 
R = ,!2_n 25n 

32 ' X =: 32 

- 3 -
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3. 

Decimals (Page 5) 

(a) 132.531 (b) 1048.7705 (c) 903.1 (d) 2981.09 

(e) 9.397 (f) 946.8675 (g) 317.55 (h) o. 7436 

(i) 51.9925 (j) 31.5 (k) 32.9 (1) 378 

(m) 132 

(n) (1) A = 29.69mm , R = 21.26mm , C = 39.23mm , D = 88.47mm , 

E = 56.47mm., F = 30.12mm., G = 32.18n~. 

(2) 38.5mm dia .. - 19.25mm rad ; 25.5mm dia - 12.75mm rad 

(3) 559.8mm 

(o) (1) 0.5 (2) 0.25 

(6) 0.200 (7) 0.063 

(11) 0.297 (12) 0.813 

(p) (1) 
7 

10 

(6) 5 
8 

(q) %" dia. 

(2) 

( 7) 

3 
lOO 

2 
m 

(3) 0.125 

(8) 0.875 

(3) 1:. 
8 

(8) 7 
8 

(4) 0.333 (5) 0.625 

(9) 0.016 (10) 0.469 

(4) 
3 

20 

9 
(9 ) 20 

. (5) 

(10) 

9 
1000 

771 
1000 

(r) (1) 66.04mm (2) 186.94mm, (3) 369.57mm. (4) 9.53mm (5) 44.45mm 

(s) (1) 1.472" (2) 3.760" (3) 0.575" (4) 0.091" (5) 4.567" 

(t) (1) £578.872 (2) £144.54 (3) £1945.46 

(u) (1) £38.80 (2) £60.962 (3) £68.25 

4. 

Logarithms (Page 7) 

(a) 

(1) 

(4) 

(7) 

No. 

2.36 
3.24 
7.645 

3.624 
2.315 
8.389 

2086 
1.104 
2303 

Log. 

0.3729 
0.5105 
0.8834 

0.5592 
0.3645 
0.9237 

3.3194 
0.0429 
3.3623 

(2) 

(5) 

( 8) 

No. 

2.73 
3.18 
8.682 

5.278 
1.406 
7.420 

8671 
3295 
28580000 

Log. 

0.4362 
0.5024 
0.9386 

0.7225 
0.1479 
0.8704 

3.9381 
3.5179 
7.4560 

(3) 

(6) 

(9) 

No. 

4.19 
,1.84 
7.709 

2073 
4.108 
8515 

8007 
6.503 
1231 

Log. 

0.6222 
0.2648 
0.8870 

3.3166 
0.6136 
3.9302 

3.9035 
0.8131 
3.0904 
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Logarithms (continued) 

(a) No. Log. No. Log. No. Log. 

(10) 9804 3,9914 (11) 17,08 1. 2324 (12) 70,3 1.8470 
5073 3. 7053 20.43 1,3102 6. 74 0,8287 
1.932 0.2861 2,5426 2. 6757 

19.37 1.2872 8.331 0,9207 
18.01 1.2554 56.89 1.7550 

(13) 1103 . 3.0425 (14) 1621 3,2098 (15) 5070 3,7050 
77 31 1.8883 184 2.2648 1196 3,0778 

4.9308 5.4746 6,7828 
89.95 1.9540 1113 3,0464 3,4650 
947.9 2,9768 268.0 2,4282 2079 3.3178 

21,47 1.3318 
135.9 2.1332 
2917 3.4650 

(16) 14730 4.1682 (17) 14.13 1.1501 (18) 97,3 1,9881 
3,3327 0.5988 199 2 2,2993 

6.847 0,8355 3,558 0.5513 4. 2874 

1972 3,2949 1.095 0,0395 
1.091 0.0378 3,625 0,5593 

2, 7346 
35.72 1.5528 

3,3327 0.5988 16.4 1.2148 
18.7 1.2718 
1. 77 0 2480 

2. 7346 

(b) No. Log. No. Log .. No. Log. 

(1) 0,1375 1,1383 (2) 0,003712 ~.5696 
0.003120 3.4942 0,1315 1.1189 

(3) 0.0175 ~.2430 

o. 5131 1. 7102 
0.0004290 4,6325 0.0004881 1!,6885 0 .008978 3,9532 

(4) 375.3 2,5743 (5) 4781 3. 6795 (6) 87.89 1.9439 
0,002131 3.3286 0,9375 I. 9719 0 .000331 4.5198 
o. 7997 !.9029 4481 3,6514 0.,02909 2.4637 

(7) 473600 5, 6754 (8) 73.61 1,8670 (9) 2741 3,4380 
0.003714 3.5699 0,008215 3. 9146 0,514 I. 1110 
1759 3,2453 0,7376 1.8679 0.0372 2.5705 

0,4462 1. 6495 52.42 1. 7195 

(10) 4782 3,6796 (11) 0.003518 3.5463 (12) o. 774 Lss87 
0.003713 3,5697 i.os98 7261 3,8610 

1,2493 0,02861 2.4565 3. 7497 
0.002142 ~.3308 

0,0008977 'I.9531 
8288 3.9185 

137 2.1367 

0,00215 3. 3324 
2614000 0,4173 

1,0808 

(13) 0.000442 4. 6454 (14) 87.03 1.9396 
1761 3.2457 0,0973 2.9881 

I 
1. 8911 0,9277 

5977 3.7765 1. 7574 

0.0001302 4.1146 0,1480 I.1703 

0,0532 2.7259 
1075 3,0315 
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5. 

Squares and Square Roots (Page 7) 

(a) No. Log. No. Log. No. Log. 

(1) 61.32 1.7876 (2) 913.9 2.9609 (3) 81310 4.9102 
3760 3.5752 835200 5.9218 6613000000 9.8204 

(4) 37.32 1.5719 (5) 4. 784 0.6798 (6) 0.00321 3.5065 
1393 3.1438 22.89 1.3596 0.0000103 5.0130 

(7) 0.0003321 4.5212 (8) 0.156 i.1931 (9) 65.91 1. 9341 
0.0000001103 7.0424 0.02433 2.3862 9.270 0.9671 

(10) 471.2 2.6732 (11) 8881 3.9484 (12} 447000 5.6503 
21.71 1.3366 94.23 1.9742 668.6 2.8252 

(13) 727100 5.8616 (14) 63.21 1.8008 (15)0.0007781 4.8911 
852.7 2.9308 7.950 0.9004 0.0279 2.4456 

(16) 0.0572 2. 7574 (17} 
0.2392 1.3787 

0.0101 ~.0043 
0.1005 1.0022 

(18)0.003345 3.5243 
0 05784 2.7622 

(19) 0.0000959 5.9818 (20) 0.4472 1.6505 
c 0.009792 3.9909 0.6688 1.8253 

(b) (1) 44.53 (2} 574.5 (3) 19430 (4) 762300 

(5) 56540000 (6) 6711 (7) 0.01890 (8) 0.000625 

(9) 0.3906 (10) o.ooooo1716 (11) o.oooooo9683 (12) o.oooo5625 

(c) (1) 2.182 (2) 7.729 (3) 81.96 (4) 2813 (5) 287.3 

(6} 0.06906 (7} 0.9665 (8) 0.2202 (9} 0.7106 (10} 0.8826 

6. 

Theorem of Pythagoras (Page 8} 

I 2. 2 
(a) (l) A = 7.5 + 8.1 = 1 56. 25 + 65. 61 

(2) B = /16.82 + 4.22 
= /232.2 + 17.64 

(3) c = ; 8.3
2 

+ 9.6
2 = 163.89 + 92.16 

(4) D = j 142
2 

+ 2312 = I 20160 + 53360 

(5) E = j 13.772 - 8. 72
2 = /189.6 - 76.04 

(6) F = j 194
2 

- 852 = ;;7640 - 7225 

= j 121.86 

= 1 299.84 

= j 161.05 

= /73520 

= j 113.56 

= /30415 

ll.04m 

= 17.31mm 

= 12.69" 

= 27l.1mm 

= 10.66mm 

= 174.5mm 

= 193.6mm 

= 1o.os" 



6. 

Theorem of Pythagoras (continued) 

(b) 

(c) 

(d) 

(e) 

(f) 

7. 

Rafter length =J 2,4 2 + 0,52 =) 5. 75 + 0,25 

=I 4900 + 2704 

=/25 - 3,240 

Length of partition =/ ~02 + 522 

Height =/5 2 - 1,8
2 

Length = 2( j 602 + 6o2 + 50+ 60 + 30) 

= 2( /3600 + 3600 + 140) 

= 2(84,85 + 140) 

= 449.7nun 

A =/ 12.852 + 10.752 = j 165.0 + 115,5 =I 280.5 

B = /9.252 + 8.o2 
= j 85,56 + 64,0 = j 149,56 

c = j 9,25
2 

+ 11,52 = j 85,56 + 132,3 = j 217,86 

D = j 5,252 + 18,752 
= /27,56 + 351,5 = j 379,06 

=I 
=I 
=I 

= 

= 

= 

= 

Lengths, Areas and Volumes (Page 10) 

(a) 

(b) 

(c) 

(1) mm 
' 

cm 
' 

m 
' 

in., ft 
' etc. 

(2) 2 cm 2 m 2 in 2 ft mm, , 
' 

(3) rmn 3 cm 3 m 3 in 3 ft 
' 

Name 

(l) Square 

(2) Rectangle 

(3) Rhombus 

(4) Parallelogram 

(5) Equilateral Triangle 

(6) Trapezium 

(7) Isosceles 

Circumference 
Area = if r 2 

Triangle 

= 211' r or 7T' d 
or 7T' ct2 

4 

2 etc. 
' 

3 etc. 
' 

Perimeter 

20cm 

360mm, 

l6mm 

38in. 

l5cm. 

llOnun 

6,5in, 

Area 

25cm. 2 

4500nun, 2 

12nun, 2 

45in 2 

lOcm 2 

450mm 2 

0,625in 

261 

6,01 = 2,452m, 

7604 = 87,20mm 

21.76 = 4,654m 

16,75" 

12,24" 

14. 76'' 

19.47" 

2 



' 

9. 

7. 

Lengths 2 Areas an d Volumes (continued) 

(d) 

(e) 

(f) 

(g) 

(h) 

B. 

(1) 

(2) 

(3) 

(4) 

(1) 

SlOg. 

Circumf erence 

43.9 9cm, 

39.5 9in, 

56.5 Gmm. 

282.8 mm 

Area 

154.0cm, 2 

124.7in,2 

2 254.5mm. 

6363mm. 2 

45000mm 3 (2) 54000mm,3 (3) 400in. 3 (4) 351.9cm, 2 

(1) 502. 7cm .3 (2) 251.4 +(2 x 50.27) = 351.94cm. 2 

Volume of 
Volume of 

Volume of 

Mass = 

sm 
la 

ho 

all diameter bar 
rge diameter bar 

les 

7 049g, 

= 
= 

100.5cm_ 3 

804.4cm 3 

904.9cm_ 3 
12.57cm 3 -

892.3cm 3 

An[les (Page 12) 

(a) (1) o0 (e< 

(b) (1) 
I 

(c) (l) 1 degre e 

(2) 1 minut e 

(3) 1 degre e 

(d) (1) 39°38 1 

(4) 34°22 1 5' 

(e) (1) 31°15' 

(4) 71°4 1 24' 

Algebra (Page 13) 

(a) (1) X = 4 

(4) X = 1 3 

(7) X = 1 2 

= 

= 

= 

(2) 

(2) 

90° .(9<:::.180° (3) e 1180° 

r-- "~'''-~ 
' 

60 minutes 

60 seconds 

3600 seconds 

(2) 61°20 1 (3) 96°55' 

(5) 92°2' 56" (6) ll2°20' 3" 

( 2) 1404' (3) 58°44 1 46" 

(5) 2°36 1 50" (6) 26°26 1 58" 

(2) X = 6 (3) X = 7 

(5) X = 4 (6) X = 4 

(8) X = 40 (9) X = 4 

262 
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~ebra (continued) 

(a) (10) X = 14 (ll) X = 1 (12) X = -6 

(13) 12 (14) -11 (15) 
2 

X = X = X = 5 

(b) (1) lW = 100ft (2) r = 100ft (3) RV = £170 --r RV 

(c) (1) s = lrdN (2) d = 12s (3) N = 1146 rev /min 
12 7rN 

(4) N = 153 rev /min 

(d) F = 9C + 32 
5 

(1) B0°C. (2) 17,2°C. (3) S5°c. 

(4) 208,4°F. (5) 113~. (6) 32~. 

(e) (1) R = 746HP (2) I = J 746HP- (3) HP = 36,19 
-pr It 

(4) I = 1,832 amps (5) R = 298.4 ohms 

(f) £52 

(g) Length = 309m Breadth = 103m 

10. 

Percenta!lies (Page 15) 

(a) (1) 
1 

(2) 
17 

(3) 
7 (4) 1 

20 20 50 3 

(5) 
2 

(6) 
5 

(7) 
3 

(8) 1 
5 4 2 8 

(b) (1) 0.35 (2) 0,17 (3) 0,215 (4) 0.155 

(5) 0.1225 (6) 0.98 ( 7) 0,095 (8) 0.1725 

(c) (1) 25% (2) 20% (3) 3~/. (4) 65% 

(5) 187. 57· (6) 37.5% ( 7) 5% (8) 95% 

(d) (1) 54 (2) £8.40 (3) £7350 (4) 43,2m 

(5) 6,4Kg (6) £420 

(e) (1) 30% (2) 25"/o (3) 20% (4) 40)', 

(5) 10/~ (6) 500'7o ( 7) 1 
3:3-J!. ( 8) 10)', 

' 
(f) £4176 

v 

-------------- -~~· -



10, 264 

Fercentae;es (continued) 

(g) 0,3f, 

(h) 16, 77o 

(i) Tin - 15g Lead - 34,5g Antimony - 0,5g 

(j) 
1 
~ 

(k) £5,450 

(1) For strike - 75%; Against strike - 10%; Abstain - 15% 

11. 

Hatio and Proportion (Page 16) 

(a) (1) 6 to 5 (2) 9 to 2 (3) 1 to 5 (4) 6 to 7 

(5) 1 to 10 (6) 1 to 4 ( 7) 200 to 1 (8) 4 to 5 

(9) 1 to 4 (10) 2 to 3 (11) 1 to 24 (12) 25 to 4 

(h) £800, £1,000 

(c) 20°, 60°, 100°, 140° 

(d) 16 to 5 

(e) 60kg', 120kg., 240kg 

(f) £35 

(g) £63 

(h) 9.9cm 

(i) 46, 7km 
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ANSWERS FOR PRELIMINARY AND FINAL TESTS 

-------------------------------------------- -- -
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SHORT COURSE.- "!!.ATHEMATICS FOR CRAFT APPRENTICES" 

ANSWERS TO PRELIMINARY TEST 

NO. QUBSTION ANSWEfL 

1 Estimate, by corrcctinc; numbers to 1 sic;nificant 
figure, the value o.P.- . 
(a) 181 X 710 (u) 140000 . • .............. 
(h) 0.075 X 17.5 (b) ~: ? . ... ~ .... 

(c) 3.4 X 0,.00375 (c) 0,006 .............. 
1.9 

1 5 ...:! 
(a) (tl} 16 2 ::j+:i6 ................. 

1 

(b) 
1 1.!. (b) ~12 23- 4 .............. 

r-4 
.(c) 1 5 (c) "7 ~X l-7 ............. 
(d) .,.!. . 1 

(d) 7 . .............. ~3 ... 3 
1 

(n) 
1 1 
;1 of 4 (o) l-il •••••••••. 

' 

. 

3 (a) Add the following together; 0.00105, 
. 1.97, 290 {a) l!n. !ilno~ •.. 

(b) Subtract 877.97 from 1000. (b) l-l!?. 0~ •..... 
... 

(c) 583,05 (C) 1 •. 95 X 299 .............. 
(d) 87.5 i- o. 76 Ans. correct to 3 si g. fies. (d) ilB' ............. 
(e) If .-1" = 9,5.4mm., convert 3!." to mm. (e) 88.9 

2 
................ 

(f) 
3 

dccl.mnl (f) 0,375 Express 8 as a .............. 
17 

(g) . EXpress 0.85 a8. ·n fraction (g) 26 ............. 

4 Uno logarithms to work out:-

(a) 110.6 X 71,5 {a) 7907 .............. 
' 

(b) 79. G . 18.5 (b) 1: ~9~ . ....... 
•.. 

--------------------------- --- - -- -·-----
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NO. QUESTION ANciWE!t 

!j Use 1 ot~uri thms or tables to find:-

(a), J 1161 (a) 34,07 ............... 
(b) J 1.142 (b) 1,069 ............ 
(c) jo.o50l (c) ?.·.2~I3!3 ...... 

(d) J 4000 (d) 63,25 ............. 
0 3,133 l (c) l, 77'' (e) .. ~ .......... ! 

(f) 1. 1122 (f) ,1, •• 3?.5 ••••••. 

I (g) 436.32 <G> 190400 ............ 
(h) (). 7122 (h) P .• PP.a? . ..... 

6 Use the Theorem of Pythagoras to calculnte: 

(a) AE (n) .5JR.• • •••••••. 

(h) AC (b) 10,63m, ............ 

~ 
' ' J . 
l 

I 

BM 

(c) X (c) 4,069cm. , ............ 
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1;---~~---~----

· /~NSI'iEH 1· N< l. 

-1--r---------~'·-:------+--------t 
t 7 

-j 

• '> 

2'' "' "-.., 

'<:f "-.., 

"' ~ 

(a) Calculate the area of the above shape 

(l.J) What is th~ circumference of a circle 
radius 4m.? ( 7\ = 3, 142) 

(c) 'dh.at ir.; ,the nron of a circle rrldius 
~m.? ( 7\ = 3,142) 

(d) C'llculatc tho volume of thin prism. 

(P.) Calculate the volume of this prism, 

~--------------------------------

7Zin.z 
(a) •. • • • • •, ~ ... 

(b) ~~:~~~~: •••• 

2 
(c) ~9:~?~~! .... 

(d)~~?~~:~ ..... 

87000mm.3 
(e) • • • • • • • • • • • • 



! 

NO. 

13 

9 

10 

QUESTION 

(a) If ~1 - be ' 
find " if b ~ 3, c ·- 2.5, 

dO d ~ 1, " ... -1 

(b) V ~ IR 
Transpose the formuln to mal~.e:-

(1) I the subject 

(2) Calculate I if V ·- 240, R ~ lGO 

(c) y 3 
" ML 

BEI 
Tr~~rwposc the formula to rnnke:-

(1) M the subject 

(2) E the subject -. 
• (3) L tho subject 

(a) What is Wl'· of £300? 

(b) What is w. of £98? 

(e) What j_g 3~;; of £997 
" 

(d) Express 3 as a percentage of 12 

(e) Express 64 os a percentage of 320 

(f) Express 9 as a percentage of 108 

(~) nividc £720 in the ratio 1:4:7 

(b) I.f a man gets £8 for 7 hours work, how 
much will 110 receive for working 63 hours? 

(c) The ratio of. Bill's height to .John's hei~rt>t 
i3 5 to 4. If Dill is 1. 75m. tall., what is 
John's heit;ht? 

269 

ANSWE!l 

(a) .-:z ·.5.. ••....• 

(b) 

(l) 

(2) 

(c) 

V 
I = R 
•••••••• 0 ••• 

1 = 1.5 .......... ~ . 

M 
BEIY ' 

="7:r 
( 1) ••• • X. "3 .•••• 

ML E=y 
( 2) ••• -~lsErY-·. 

L- 3J¥ 
(3) .:: •••• !.! •••• 

(a)~~Q ••••••••• 

(h) 1;1,~ ...... . 

(c) ~~~ • • • •. • •. • 

(d) ~~ ••••••.•• 

\'s) 20% 
~ ........ . 

(f) ••••• " ••• 0 •• 

(a) 1 slure = 
£60 
••••••••• 0 •• 

4 shareR ::= 

£240 ............ 
7 shares ::::: 

£420 ............. 

(b) ~?~ ........ . 

(c)~:~~=-··~··· 
' 

L---~----------------~---------------------L-----------~~ 
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SHORT COURSE - "MATHEMATICS FOR CRAFT APPRENTICES" 

I 

ANSWERS FOR FINAL TEST 

I .. ~""~·~, . .------- ,-,.- -~ _.,._.,._,,.,_;<O~;.,~·.~··'f>· ~----- ·--

NO. QUCSTION ANSWER 

1 E~t.imato, hy correcting numb0ro to 1 nir;nif leant 
:r i::;u1·o, the vn1uo of:-

(e.) 195 X :no (n) 40000' .............. 
(b) 0.0085 X 120 (b) 9, ll ......... 

(c) 8.95 X o.~ (c) 0.02 ............... 
3.977 

2 Work out:-
17 

(a) 
l 3 

(a) 24 
:J + 8 ............. 

'j2:. 1 :.-l 
(b) - 1- (b) 30 

'5 6 
................. 

~ lQ. :# 
(c) X (<") • i3? • •••••.•• 

4 8 

(d) 
1 . 4 (d) 4 35 . 5 ............. 

3 

(e) 
1 

of 
3 (c) 40 

5 8 ............. 

,3 (a) Find the sum of 113, o.o1n; 11.63, 1.075 (a) 126.6242 .............. 
(b) Subtract 95.07 from 111 (b) 15.03 ............ 
(c) 1.09 X 66.3 <cl 72.267 .............. 
(d) 14.7 • 0,.6 ·Ana. correct to 2 dec. places (d) 1. 71 .............. 
(c) If 1" " 25.4mm., convert ?!·· to mm. (e) 57.15 

-,1 .............. 
' 
' 

(:r) 
7 

decimal (f) 0.875 Express 
8 

as n ..... • ........ 
·5 

(g) Express 0.3125 as a fraction (g) 16 ............. 

4 Use logarithms to work out:-

( (l) 7-17.9 X 88.67 (a) 66300 ........ " . " . 
(b) 1138.7 ~ 9.45 (b) 19.97 .............. 
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NO. QUEST IOU ANS\'/EH 

'· 

5. Use lognr i. thms Ol' tables to find:-

(a) J 2827 (a) ~~~~? ... , ... 
(b) j :l. 073 (b)~-.~~~ .•••••• 

. 

(d I o.oss (c) '! ~ ~~'?~ . : . ... 
(d) /sooo <ct> ~~·.E ....... 
(c) 1. 21 2 

(o) ~--~~1 ....... 
(f) 9,9772 (f) ~~~~ ....... 

(g) 11122 
(g) ~~~1<?<?<? .•.•• 

(h) o. 011 2 
(h) <?~~~~~ ... ' '' 

6 Use the Theo'L~em of Pythagoras to calculate:- ' 

(a) . V 

(a)~~~~~~~~ ... ~ A 

i I 
' 

(b)~'~~~~~~ .... (b) y 

16_~ .. )( -
'I r~ 

~ ~ . ~ ,- ~/ 
f.-

. --. ~ . 
lJ) "" r::t\ 

"' ~· -\.f)/.:/ I I 
~ 

2:5<14 

4•5u1 

. 
7·h~ 

I -----

(c) 'l (c) ~·.?-!\~~·. • .... 
~ v 

\)\ lit 
-~ IN oo 

} L1 

v 
I,,Z·5~j. 

- ~ 



;4" 
...• 

1
7 • I 

. l[l 
I 
i 

(a) C2Jr.ulate the urea of the nbove shape. 

(h) What is the circumference of a circle 
Wm. d inmctcr? ( 1f = 3.142) 

(c) What is the area of a circle lOm. 

(d) 

diameter? <rr= 3.142) '· 

Calculate the · 
volume of this 
prism. 

(e) Calculate the 
vollune of this 
rinr.;. 

(b) .3.1 .. ;±.2!": ••••• 

(c) .7.8 ••• 5.5!".• ~- ••. 

(d) 208cm.3 ............. 



' ' 

NO, QUESTION 

8 (a) lf a = £s, find a if b = -5, c -- 2, 

,, 

do d = -2.5, e ~ -1 

(b) a = be + d 
Transpose the formula to make:-

(1) d the subject 

(2) c the subject 

(c) S- 7fDN 
1000 

Trnnspose the formula to mnJ.~e:-

(l) D the subject 

(2) N the subject 

(3) Calculate S if D -- 10, N " 10, 
7r ;:::; 3,.142 

' 

Q (a) What ts 3Cij, of £150? 

(b) What is 9% of ~800? 

(c) ',\'hat is G<1:1 of £6,60? 

(d) Express 4 as R percentuee of 16 

(c) Express 68 ns n perccnte.ge of 400 

(f) Express 9Cl5 as '' pcrccntar,c of 1990 

(a) Divide 54kg, in the ratio 1:2:3 

(b) If 12 cutters cost £9,60, how much will 
2:J R imilar .cutters ~ost? 

(c) A plumber and his apprentice earn £49,35 
bonus between them, If they share 1 t in 
the r.atio 5:2 how much will each reeeive"? 
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ANBWEU 
-

(a) -4 
... & " ......... 0 

(b) 

(1) d = a - be ............ 
a - d 

c = b (2) ............. 

(c) 

D = ~ 
(1) 7\N' 

...... 0 ........ 

N = ~ 
(2) 1iD .............. 
(3) .. ~·.3.1 .. 4.~ ..... 

(a) £45 .............. 
(h) £72 ............ 
(c) £4,40 ............ 
(d) • Z.fiJ• ••••••••• 

(e) .1.~ . ........ 

(f) ,5,C/fo ••••••••• ' 

(a) 1 share = 
9kg • . . . . . . ~ ...... 
2 shares ·-

,l,B,J<.f!.· •• , •••• 

3 'shares -

(b) ~.29.-.-.' ..... 

(c) Plumber 
( 5 shares) --

£35.25 .............. 
Apprentice 
(2 shares) = 

£14,10 ........ ~ ..... ~ 

I 

' ' 
' 

I 

! 

I 
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•• - '4 

GROUP A - 18 students GROUP B - 19 students OVERALL % 
(1 absent) (2 absent) 

QUESTION Answer Answer No Answer Answer No Answer Answer No -
correct incorrect attempt correct incorrect attempt correct incorrect attemrt 

1, Estimate, correct to 1 s,f,, the 
value of 
(a) 121 X 710 1 16 0 7 10 0 23,5 76,5 0 

(b) ,075 X 17,5 2 14 1 5 12 0 20,5 76,5 3 

(c) 3,4 X ,00375 0 12 5 5 10 2 14,5 65 20,5· 
1,9 

2, (a) 1
/4 + 5

/16 11 4 2 15 1 1 76,5 14,5 9 

(b) 2J./3 - 11/4 6 8 3 14 2 1 59 29 12 

(c) 31/4 X 1
5
/7 1 14 2 8 7 2 26,5 62 11.5 

(d) 21/3 ;. 
1
/3 7 7 3 14 3 0 61,5 29,5 9 

(e) 1
/3 of 

1
/4 5 5 7 11 5 1 47 29,5 23,5 

3, (a) Add the following together; 
12 5 0 17 0 0 85 15 0 ,00105, 1,97, 290 

(b) Subtract 877,97 from 1000 4 13 0 13 4 0 50 50 0 

(c) 1,95 X 299 . 13 4 0 11 6 0 70,5 29,5 0 

(d) 87,5 f 0,76 (Ans, correct to 
4 7 6 12 4 1 47 32.5 20,5 3 s,f,) 

(e) If 1" = 25,4mm r· , convert 3 
6 9 2 14 3 0 59 35 6 to mm, 

(f) 3 Express /8 as a decimal 5 5 7 9 7 1 41 35 24 
(g) Express 0,85 as a fra"tion 4 3 10 4 6 7 23,5 26,5 50 

PUELIMINARY TEST: QUESTIONS AND RESULTS 



GROUP A - 18 students GROUP B - 19 students OVERALL% (1 absent) (2 absent) 
QUESTION Answer Answer No Answer Answer No Answer Answer No 

correct incorrect attempt correct incorrect attempt correct incorrect attempt 
- -- -· 

4, Use logarithms to work out 

(a) 110,6 X 71,5 0 9 8 3 9 5 9 53 38 

(b) 79,6 0 5 12 5 6 6 14,5 32.5 53 
18,5 

5, Use logarithms or tables to find 

(a) /116i 1 10 6 6 10 l 20,5 59 20,5 

(b) J1,142 1 9 7 11 3 3 35,5 35,5 29 

(c) JO.o5ol 0 7 10 3 10 4 9 50 41 

(d) .}4000 0 9 8 4 11 2 11,5 59 29,5 

(e) 1. 773 4 9 4 12 5 0 47 41 12 ·' 
----

(f) 1.142"' 3 . 9 5 10 6 1 38 44 18 . 

(g) [3633 0 11 6 3 12 2 9. 67,5 23,5 

(h) . 2 ,).112 0 10 7 
I 

3 12 2 9 64.5 26,5 
- . 

6, Use the Theorem of Pythagoras to 

I 

calculate e --

(a) AE A/ ""'~~ 3 6 8 6 8 3 26,5 41 32,5 
(b) AC t 2 10 5 6 9 2 23,5 56 20!~ ~ 9 . 

~~ 
8 41'\ c. 

81'\ .. . -

PRELIMINARY TEST: 0 QUESTIONS AND R~SULTS (continued) 



GROUP A - 18 students GROuP B - 19 students OVERALL '7o (1 absent) (2 absent) 
QUESTION Answer Answer No Answer Answer No Answer Answer No 

correct incorrec att.,mpt correct incorrect attempt correct incorrect attempt 

-~ 
6. (c) X 

~~ 
1 13 3 4 11 2 14,5 71 14,5 

': 

. 

1 .. 3•7&M .. 4 , ' ' 

7. (a) Calculate the area of this 
shape ,, 13 3 1 15 2 0 82,5 14.5 3 

I• 
10 

'i I , 

• .... 
t • .... 

't 

• 
~ 

7'' 

(b) What is the circumference of 
a circle radius 4m,? 6 9 2 ll 6 0 50 ··~· 

44 6 

(c) What is the area of a circle 
radius 4m.? 3 10 4 12 4 1 44 41 15 ' 
PRELIMINARY TEST: QUESTIONS AND RESULTS (continued) 



--·--------------------'1 

GROUP A - 18 students GROUP B - 19 students 
(1 absent) (2 absent) OVERALL% 

QUESTION 
Answer Answer No An:~wer Answer No Answer Answer No 
correct 1ncorre<!1 attempt correct incorrect atteplPt correct ~ncorrec1 attemnt . 

7. (d) Calculate the volume o:t this 
pr:l.sm 1 15 1 11 4 2 35 56 9 

b 

~,IIVJ l 

I. bt.M -1 . 

.· 

'(e) Calculate the volume of this 
prism 3 12 2 9 7 1 35 56 9 i 

• j"• 
··. t~ 

/ / 
I it.$i: "_.;'. 

k 
:\'"-

- 't" . ' l\ 

~ ~~ I 
fi· 

. :i 
.·· :1: l7 

I/ 7 ~ ~ - t-j_ I 

1.'· 40NII'A ( ' 

-' 70MIOI\ 

PRELIMINARY TEST: QUESTIONS AND RESULTS (continued) 



GROUP A - 18 students GROUP B - 19 students 
(1 absent) (2 absent) OVERALL')',. 

QUESTION Answer Answer No Answer Answer No Answer Answer No 
correct incorrect attempt correct incorrect attempt correct incorrect /J.ttempt 

a. (a) If a = be , find a if 
de ., 

b = 3, c = 2.5, 
d = l, e = -1 2 8 7 10 6 l 35,5 41 23,5 

(b) V + IR Transpose the formula 
to make 

( i) I the subject. 5 5 7 10 6 1 44 32,5 23,5 

(ii) R the subject 3 7 7 9 7 1 35,5 41 23,5 

(iii)Calculate I if V = 240, . 
R = 160 2 7 8 9 8 0 32,5 44 23.5 

(c) y = ML3 
8iil 

Transpose the 

formula to make 

( i) M the subject 0 4 13 2 9 6 6 38 56 

(ii) E the subject 1 2 14 6 4 7 20,5 17,5 62 

(iii)L the subject 0 3 14 1 9 7 3 35 62 

' 

PRELIMINARY TEST: QUESTIONS AND RESULTS (continued) 



G!lOUP A - 18 students GROUP B - 19 students OVERALL% (1 absent) (2 absent) 
QUESTION Answer Answer No Answer Answer No Answer Answer No 

correct incorrect attemnt correct incorrect attempt correct incorrect attenrt 

9, (a) What is 10)', of £300? 14 2 1 17 0 0 91 6 3 

(b) What is B'l• of £98? 4 8 5 9 6 2 38 41 21 

(c) What is 33.L /3% of £99? 2 10 5 8 8 1 29,5 53 17.5 

(d) Express 3 as a percentage of 12 5 7 5 11 6 0 47 38 15 

(e) Express 64 as a percentage of 256 5 6 6 9 8 0 41, 41 18 

(f) Express 9 as a percentage of 108 0 10 7 4 11 2 12 61,5 26.5 

10. (a) Divide £720 in the ratio 1:4:7 

(i) 1 share 3 4 10 13 2 2 47. 17,5 35.5 
. -----

(ii) 4 shares 3 3 11 13 2 2 47 14,5 38,5 

.• (iii) 7 shares 3 3 11 13 2 2 47 14,5 38.5 

(b) If a man gets £8 for 7 hours 
work, how,~uch will he receive 
for working 63 hours? 11 4 2 14 3 0 73,5 20,5 6 

(c) The ratio of Alan's height to 
John's height is 5 to 4, 
If Alan is 1,75m, what is 

., John's height? 8 6 3 
'~..:~ 

11 4 2 56 29,5 14.5 
. 

. 

PRELIMINARY TEST: QUESTIONS AND RESULTS (continued) 
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--------~~--------------~--------...... -, 

., 

'., GROUP A - 18 students GROUP B - 19 students OVERALL% 
QUESTION 

Answer Answer No Answer Answer No Answer Answer No 
correct incorrect attempt correct incorrect attempt correct incorrect attempt 

1. Estimate, correct to 1 s.f., the 
value of 

(a) 195 X 210 6 12 0 16 3 0 59,5 40.5 0 

(b) ,0085 X 120 6 10 2 15 4 0 56.5 38 5.5 

(c) 8,95 x ,0113 l 13 4 4 15 0 13,5 75.5 11 
3,977 

2, Work out 

(a) 1/3 + 3/8 17 1 0 15 4 0 86,5 13,5 0 ·' 

(b) 3
1
/5 - 1

1
/6 14 4 0 15 4 0 78.5 21,5 0 

(c) 21/4 X 15/8 10 8 0 13 6 0 62 38 0 

(d) 31/5 f 4/5 13 5 0 18 1 0 84 16 0 

•- (e) 
1/5 of 3/8 12 4 2 14 5 0 70 24,5 5,5 

'' 
·' 3, . (a) Find the sum of 113, 0,0192, 

11,63, 1,975 14 4 0 14 4 1 76 21.5 2.5 
r (b) Subtract 95,97 from 111 9 8 1 18 1 0 73 24,5 2,5 ·>.· . . - . (c) 1,09 X 66,3 16 2 0 14 5 0 81 19 0 

-_ 

(d) 14.7 f 8,6 Ans. correct to 
' 2 decimal places 5 12 1 10 9 0 40,5 57 2,5 

(e) If 1" = 25,4mm , convert 
2l/4"·to mm 8 9 1 16 3 0 65 32,5 2,5 

(f) 
7 a decimal 

' 
Express . /8 as 12 5 1 16 3 0 76 21,5 2,5 

''• 

·(g) Express 0,3125 as a fraction 5 5 8 7 10 2 32,5 40,5 27 
' -· 

-

FINAL TEST: QUESTIONS AND RESULTS ' 



GROUP A - 18 students GROUP B - 19 students OVERALL% 
QUESTION 

Answer Answer No Answer Answer No Answer Answer No 
correct incorrect attempt correct incorrect attempt correct incorrect attempt 

.. 
4. us'e logarithms to work out 

(a) 747,9_ X 88,67 7 11 0 15 4 0 59,5 40,5 0 

(b) ~ 9 7 2 13 6 0 59,5 35 .. 5,5 
9,45 

5, Use logarithms or tables to find 

(a) h827 3 13 2 10 9 0 35 59,5 5,5 
. 

(b) J 3,973 6 11 1 16 3 0 59.5 38 2.5 

(c) J 0,053 3 10 5 4 13 2 19 62 19 

(d) "3000 3 11 4 8 11 0 29,5 59,5 11 

(e) 1,212 8 8 2 12 6 1 54 38 8 
-

(f) 9,9772 11 4 3 14 5 0 67,5 24.5 8 
., 

14122 ... (g) 1 13 4 10 9 0 29,5 59.5 11 

•(h> 0,9112 5 6 7 10 8 1 40,5 38 21,5 

FINAL TEST: QUESTIONS AND RESULTS (continued) 



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

QUES'l'ION 
GROUP A - 18 students GROUP B - 19 students OVERALL% 

Answer Answer No Answer Answer No Answer Answer No 
correct incorrect attempt correct incorrect attempt correct incorrect attempt 

- -

6, Use the Theorem of Pythagoras to 
calculate 7·b<M . 

4·.5 ..... 

~ (a) X· ~ -, 3 6 9 10 8 1 35 38 27 
---"----

(b) y 
-~' 

1 8 9 9 9 1 27 46 27 

- ' 

~ ~-E~ X~ \J 

4~r -
' 

,;, 

- # ] (c) z fiJ 4 10 4 12 7 0 43 46 11 

'(o/ " 

12·5-"1 
--

~\~--- --=_..,.., ____ ~- .. 
7 (a) Calculate the area of this 

shape q" 8 8 2 15 4 0 62 32,5 5,5 

I· . I 
I 

• 
~ 0 - ~- t1l .... 

• 
'!l 

' Ill 

~ .s• .. ! 
1411 

': . 
.. 

• 
FINAL TEST: QUESTIONS AND RESULTS (continued) 



~~---------------------------------, 

, - : .. - GROUP A - 18 students GROUP B - 19 students OVERALL% 
QUESTION 

Answer Answer No· Answer Answer No Answer Answer No 
correct incorrect attempt correct incorrect attempt correct incorrect attempt , .. 

.. _,•' ~ ~ 

7 (b) What is the circ:mmference of 
a circle lCm, diameter? ' 8 8 2 17 1 1 67,5 24,5 8 I . . 

-~---·---- ~------- ----------
(c) \fuat is the area of a circle 

lOm diameter? 8 7 3 9 9 1 46 43 11 
·-

(d) Calculate the volume of this 

pz::~ 
8 8 2 11 8 0 51,5 43 5,5 

2 
' V. ~? 

·' ~ 
I I' 
I t 

" <),! 

' 
1 .. 

8G~o~ j 
. .. . ~ . -- .. 

. (e) Calculate the volume of this 
rin}": 3 11 4 6 13 0 24 .. 65 11 ~ : ~· .. ' , . 

. , 

' 

:\C91../ 
? 

~ ,o 
)'-... . . : ; .. 
~MMD"" 

. 

1'2.MM Do~ 
.. 

FINAL TEST: QUESTIONS AND RESULTS (continued) 



GROUP A - 18 

QUESTION Answer, Answer 
correct incorrect 

s. (a) If a = ~. find a if 
de 

b = -5, c = 2, 
d = -2.5, e = -1 2 10 

(b) D = CAT Transpose the formula 
to make 

(i) c the subject 2 7 

(U) T the subject 1 7 

(c) s = lfDN Transpose the formula 
1000 

to make 
(i) D the subject 0 5 

(ii) N the subject 0 4 

(Ui) Calculate S if D = 10, 
N = 10, 7'i = 3.14 2 .4 

9. (a) ~'lhat is 3()'[. of £150? 9 6 

(b) What is 9'/'o of £800? 10 4 

(c) What is 2 66 /'3'/. of £6. 60? 1 5 

(d) Express 4 as a percentage of 16 9 5 

(e) Express 68 as a percentage of 400 1 6 

(f) Express 995 as a percentage of 
1990 3 1 

~ 

FINAL TEST: QUESTIONS AND RESULTS (continued) 

····- ' .. , .... ., ... ~- ···-···· . ··-· --=·..,....,.,.,.... ,~- ····'"'""" 

students GROUP B - 19 students 

No Answer Answer No 
attempt correct incorrect attempt 

6 9 10 0 

9 13 6 0 

10 9 8 2 

13 8 10 1 

14 7 10 2 

12 12 4 3 

3 15 4 0 

4 15 4 0 

12 13 2 4 

4 16 2 1 

11 14 3 2 

14 14 3 2 . 

OVERALL % 

Answer Answer 
correct incorrect 

30 54 

. 

40.5 35 

27 40.5 

21.5 40.5 

19 38 

:is 21.5 

65 27 

67.5 21.5 

38 19 

67.5 19 

40.5 24.5 

46 11 

., 

No 
attempt 

16 

24.5 

32.5 

' 
38 

43 

40.5 

8 

11 

43 

13.5 

35 

43 

"' ro 
Ol 



GROUP A - 18 students GROUP B - 19 students OVERALL% 

QUESTION Answer Answer No Answer Answer No Answer Answer No 
correct incorrect attempt correct incorrect attempt correct incorrect attempt 

10. (a) Divide 54 Kg in the ratio 1:2:3 

(i) 1 share 5 4 9 17 2 0 59.5 16 24.5 
(ii) 2 shares 5 4 9 16 3 0 56.5 19 24.5 

(iii) 3 shares 5 4 9 16 3 0 56.5 19 24.5 

(b) If 12 cutters cost £9.60, how 
much will 25 similar cutters 
cost? 11 3 4 15 4 0 70 19 11 

(c) A plumber and his apprentice 
earn £24.50 bonus between them. 
If they share it in the ratio 
5:2, how much will each receive? 

(i) Plumber (5 shares) 7 3 8 16 3 0 62.5 16 21.5 

(ii) Apprentice (2 shares) 7 3 ·a 16 3 0 62.5 16 21.5 

FINAL TEST: QUESTIONS AND RESULTS (continued) 






