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Abstract 

This thesis is a case study in the growing field of 
curriculum history. The principal focus is on mathematics in a 
general secondary education, and particularly during the period 
1900-1914 of major curricular upheaval. However, relevant aspects 
of the nineteenth-century background are discussed; a number of the 
longer term features of change are traced up to the 1940s; and some 
related developments in infant, elementary, higher elementary, 
technical, and teacher, including university, education are also 
considered. 

It is argued that major change was a consequence of an 
accumulation of circumstances of different kinds in the years 
around the turn of the century. In particular, important developments 
in the structure and patterns of the educational system and 
administrative control are considered, as well as features of the 
'new education' movement which have particular implications for 
teaching methods in mathematics. In addition, the influences of 
scientific and technical education are shown to be of central importance, the latter influence being associated with what became 
known during the period as the 'Perry movement. ' The newer ideals 
for a more 'useful' and 'practical' mathematical education and the 
extent of their realization are explored in detail. 

In the implementation of change, the work of various 
individuals and organizations, oper 

' ating locally, nationally and 
internationally, is discussed, and the Mathematical Association in 
particular, as well as the Board of Education. The importance of 
examining bodies and the teaching Force itself for the scope and 
character of actual change is strongly emphasized. 

It is also shown that reaction to the direction of change, 
evaluation of progress, and refinement of the thinking in 
mathematical education were further distinctive products of the 
Period of major reýform in English mathematical education. 
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Chapter I 

Introduction 

Historical Approaches to Curriculum Change 

Recent interest in the historical study of curricula is but one 

aspect of the growing international interest, particularly American, in 

the field of curriculum studies generally. Relationships between 

perspectives in the history of education and in curriculum theory have 

been usefully explored in a paper by Marsden [19791. His general review 

of the literature, though necessarily incomplete id some details, does 

giveýa good indication of the specific topics in curriculum history 

which have attracted attention in the present century. As well as 

coverage of aspects of the curriculum in elementary schools, the 

specific subjects of English, history, geography, classics, religious 

studies, science, domestic studies, music, art, craft, and physical 

education have also warranted various studies. Curiously, mathematics 

is nowhere mentioned, although as Marsden [p. 801 rightly suggests it is 

science education that has attracted the greatest interest to date. 

Twentieth-century dissertations and theseB an the history of education 

include a number of studies an all the previously mentioned subjects, 

as well as B few an mathematics [History of Education Society, 1979b]. 

An ambitious attempt to consider curriculum change generally, since 
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1800, has been made in a recent book by Gordon and Lawton [19781. 

This has been fairly described by Marsden E1979, p. 801 as 'an 

important ground-clearing operation, ' though the insights provided 

into the complexity of change concerning content and methods in 

particular areas of the curriculum are, predictably, limited. 1 

Researches which adopt a more limited curricular focus in scope and 

time are likely to be more penetrating, and here it is the recent work 

in the field of science education which appears to be currently leading 

the field in curriculum history. 

For historians of scientific and technical education a wide range 

of sources and approaches has been valuably surveyed in bibliographical 

papers by Brack [1975a], Heward [19801 and Jenkins [19801. Scientific 

and technical education provides common ground for historians of science 

and education,. and the former have paid much attention in recent years 

to education as a major contributory factor in scientific and techno- 

logical developments. This partly explains the strength of the 

interest in science education, though these bibliographies suggest that 

this interest does not extend to the field of mathematical education 

despite the obvious links. Two recent and contrasting books on school 

science education deserve mention for their methodology. 

Layton [19731 has focused on the intensive efforts of individuals 

and pressure groups during the mid-nineteenth century to establish 

science as a subject in the education of the working classes. Brock 

[1975a, p. 691 has referred to this as 'an exemplary study which will 

provide a model for research into other periods of intensive curriculum 

change. ' By contrast, Jenkins [19791 has provided a set of largely 

unrelated studies of different aspects of twentieth-century science 

Curriculum change in the subjects of English, mathematics, 
religious and moral education, home economics, social studies and 
science is considered in a single chapter. 
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education in England and Wales, primarily with reference to secondary 

schools. Jenkins' study is supported by much bibliographical detail, 

though science is treated as exclusive of mathematics, and no links 

between the two domains are considered. Jenkins' attitude appears to 

reflect the more general tendency of historians of science to eschew 

mathematics, which Grattan-Guinness [19761 has detected. However, by 

contrast with historians of science, it appears that historians of 

mathematics have largely ignored the educational field. May's [19731 

huge international bibliography of the history of mathematics includes 

some items concerning mathematical education, as well as the place of 

the history of mathematics within mathematics teaching, but overall 

the coverage is very slight. 
2 As Grattan-Guinness [1976, p. 3261 and 

others have similarly remarked 'virtually no work is done an the 

educational and social aspects of the history of mathematics, whereas 

such questions are well-established in the other sciences. ' However, 

it should be added that over the last few years historians of mathe- 

matics have shown some interest in sociological perspectives and a new 

historiography is emerging, as the content of Historia Mathematics 

since 1976 illustrates [Bos and Mehrtens, 1977; Mehrtens, 19801. These 

new directions may result in greater attention being paid to educational 

contexts though there is little evidence of this to date. 
3 It is 

perhaps significant that a recent general survey of the literature in 

mathematics includes separate contributions by different writers on the 

history of mathematics and on mathematical education [Grattan-Guinness, 

1977; Howson, 19771. 

As part of the growing interest in curriculum studies in recent 

years, both science and mathematics education have emerged as specialist 

2 Only four pages out of around seven hundred pages are devoted to 
aspects of mathematical education. 

3A paper by Joan L. Richards (Harvard) on 'Mathematics and a 
Liberal Education in England, 1840-18651is to appear in 
Historia Mathematica. 
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fields of interest within which different academic perspectives may be 

applied. Various features of the study of mathematical education have 

been distinguished in a useful literature survey by Howson E19771, 

which includes a section an historical studies. An important book by 

Griffiths and Howson [19741 considers the interrelationships between 

mathematics, society and curricula, and discusses important 'determinants' 

and 'instruments' in curriculum change. Systematic historical analysis 

is not attempted, but historical material is incorporated to substantiate 

the authors' views of curriculum change. A recent collection of papers 

on mathematical education edited by Wain [19781 includes contributions 

on sociological perspectives [Williams, 19781, the diffusion of 

innovations [Howson, 19781, and general curriculum theory [Layton, 19781. 

The output of theses and dissertations on mathematical education has 

also expanded Vpidly since the mid-1960s, as the valuable bibliography 

of Frobisher and Jay [19781 demonstrates, and a number of historical 

studies have appeared. 
4 The range of more detailed sources for the 

history of mathematical education remains to be considered. 

A useful bibliography on the history of mathematics including 

mathematical education has recently been prepared for the Mathematics 

Teacher Education'Project Ewain and Woodrow, 19801. In particular, 

much of the scholarly work of Peter Wallis on British mathematical 

education before circa 18511 is included. 5 The bibliography strongly 

reflects the historical interests of its compiler/s and is less helpful 

for developments since 1850. 

The teaching of mathematics in Scotland up to the end of the 

eighteenth century has been considered in a doctoral thesis and 

4 New dissertations and theses an science (including math2MBUCS) 
education are listed biennially in Studies in Science Education. 

5 See also the papers by Wallis and Wallis L1980J on British female 
philomeths in the eighteenth century, and Robson [19491 an the 
period 1600-1850. 
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subsequent book by Wilson [1935; Frobisher and Joy, 19781. Developments 

in nineteenth-century Scottish mathematical education have been con- 

sidered in a doctoral thesis by Gray E19521. G Gray discusses changes 

in the organizational context as well as relevant social, economic, 

educational and mathematical factors in relation to curricula. The 

thesis is important for its analysis of the way in which the early 

nineteenth-century practical mathematical tradition in Scotland, which 

blended a wide range of theoretical and applied mathematics, was grad- 

ually eclipsed and replaced by two distinct forms of mathematics in 

education. The first of these, which came to dominate a general 

education, was narrow in scope, predominantly theoretical, and sustained 

by the universities, the examination system, and the teaching force it- 

self. The second, a much broader and less theoretical form, gradually 

evolved within technical education, and this form came to be devalued 

outside the technical field as 'illiberal; ' being regarded as only 

narrowly useful and having insufficient theoretical underpinning. 
7 In 

addition to this Scottish work, certain American sources, some of which 

consider international developments, also deserve mention. 

Two American historians of mathematics, Florian Cajori and David 

Eugene Smith, are exceptional for their early interest in mathematical 

education, exhibited in their writings from the late nineteenth century 

onwards. Two books by Cajori [1890,19171 consider both the history 

and the teaching of mathematics, including reference to some inter- 

national trends. As well as producing many pioneering methods books, 

pedagogical papers, and textbooks, from the 1890s, Smith 119091 was 

also a leading figure within the International Commission on the 

6 Gray's [19521 thesis is deposited at Edinburgh, and not Exeter, as 
stated by Frobisher and Joy [19781. 

7 The clash of these two alternative paradigms in England from the 
late nineteenth century onwards will be a major focus for the 
present thesis, particularly in Chapter 5. 



6 

Teaching of Mathematics (ICTM) from 1908 ENCTM, 1970a, p. 2101.8 The 

published output stimulated by the ICTM over the next ten years includes 

a wealth of detailed historical and comparative source material. In 

particular, Smith and Goldziher's 
t19121 international bibliography of 

over eighteen hundred items on mathematical education, covering the 

period 1900-1912, is a valuable source, 
9 

and the American contribution 

also includes comparative paperý by Smith [19131, Brown [19151, Taylor 

E19151, Kandel [19151 and Archibald E191B] on teaching methods, 

curricula in secondary schools, curricula in commercial and technical 

schools, the training of elementary teachers, and the training of 

secondary teachers respectively. These American sources contain some 

helpful interpretations of developments in England, supplementing the 

many papers produced for the ICTM by English writers, and collected 

together as two volumes of the Board of Education's (BE) [1912a, 1912b] 

_Special 
Reports on Educational Subjects. Supplementing the Special 

Reports is a German historical survey of English secondary education 

by Wolff [19151. It runs to over two hundred pages and is a key 

source for understanding developments from the 1860s. Further 

historical and comparative material was produced by the NCTM after the 

First War. 

The NCTM's [19261 First Yearbook surveyed American progress in 

the first quarter of the twentieth century, and the Fourth Yearbook 

ENCTM, 19291 covered international developments from 1910, including 

those in England. The Fourteenth Yearbook ENCTM, 19391 compared English 

and American secondary mathematical education and teacher training. 

8 The American National Council of Teachers of Mathematics (NCTM) 
was founded in 1920. Smith's prolific and varied published output 
was the subject of a detailed bibliography by Frick [19361, in the 
first volume of Osiris, which was also dedicated to Smith. The 
work of the ICT97ill 'be discussed in Chapter 3. 

9 The bibliography covers mainly articles and excludes textbooks. 
It was compiled over a short period and is therefore far from 
complete as regards English periodicals. 
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A very ambitious historical account of mathematical education in the 

United States and Canada is provided by the Thirty-second Yearbook 

ENCTM, 1970b], compiled by a team of writers. 

The Thirty-second Yearbook reviews developments over separate 

sub-periods between the sixteenth century and the 1960s, and within 

separate educational sectors. Various recurring 'issues' and the 

deeper mathematical, educational and societal 'forces' giving rise to 

them, and contributing to their resolution, are highlighted and 

catalogued throughout. The use of a writing team produces some overall 

lack of coherence, and more light is shed on theories and prescriptions 

than on actual classroom practices, though an accompanying set of 

Readings ENCTM, 1970a] helps here and also includes a number of 

biographical sketches. Nothing an a comparable scale has been produced 

with regard to English conditions, 
10 though certain individual contri- 

butions deserve mention. 

Three worthwhile masters' theses on general developments in 

secondary mathematical education have been produced. Retter [19361 

considers the previous half century, and his work is important for its 

proximity in time to an important period of reform from circa 1900 to 

the First World War. Redhead [19531 provides a fairly general comparative 

study of twentieth-century developments in Germany, France, America and 

Britain. Talbot [19551 explores developments from the 1850s, with a 

specific focus on 'fusion' of mathematical content. 
11 

In addition to biographical material, a number of historical 

studies, primarily papers and unpublished dissertations or theses, have 

considered specific features of mathematical education, particularly 

geometry and arithmetic. Relevant sources in these areas will be cited 

10 Despite the apparent lack of interest in English conditions, 
mathematical education in China has warranted a detailed American 
study, by Swetz [19741. 

11 See also the paper by Talbot E19561. 'Fusion' as a curricular 
tendency will be considered in Chapter 7. 
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when the specific aspects are considered in the chapters which follow. 

Less detailed, but sometimes illuminating, are the various sketches by 

individuals of general developments, predominantly in secondary schools, 

up to a given point in time. 

Two important early twentieth-century papers are those prepared 

by Godfrey 
12 E1908r 1912a3 for the International Congress of 

Mathematicians (ICM) and For the journal Science Proqress. These 

provide valuable insights into early progress in public and other 

secondary schools from one of the leading figures in the reform move- 

ment. The papers by HMIs Fletcher [19121, Strachan E19181 and Carson 

E19291 13 
are valuable for their perspectives on change in grant-aided 

secondary schools, based on wide-ranging evidence. Also useful for 

developments in public schools is the paper by Fawdry [19241,14 sign- 

ificantly titled 'Reformed Mathematical Teaching. ' The most prolific 

output of sketches is that provided by Siddons 15 [1936,1948,1952a, 

1952b, 19561. His personal experiences of public schools and the work 

of the Mathematical Association (MA) are valuable, and he is a commonly 

cited secondary source, though his data and judgements are sometimes 

unreliable. A reasonably balanced public school view is provided by 

Bushell's [19471 paper on 'A Century of School Mathematics. ' Two 

recent and worthwhile sketches have been prepared for general reports 

on secondary mathematical education by the Ministry of Education [19581 

and the Assistant Masters' Association (AMA) [19731. It remains in this 

introduction to raise certain methodological questions and to outline 

the focus and approach that will be adopted for this thesis. 

12 For Godfrey see the Appendix. He is the subject of a paper by 
Geoffrey Howson [1973al, which has been revised for inclusion in 
a forthcoming book. The book will consist of a collection of 
biographies and readings concerning leading figures in the history 
of mathematical education, I am grateful to Dr. Howson for this 
information. 

13 For Fletcher and Carson see the Appendix. 
14 For Fawdry see the Appendix. 
15 For Siddons see the Appendix. The limitations of his inter-; 

, pretations will become clear in Chapters 3 and 4. 
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Curriculum history raises some major methodological problems. 

For a given subject at a given time, one task is to characterize the 

state of the subject - in other words to analyze its scope, or possible 

non-existence, its content, and its methods, which may vary across 

different types of educational institution. Here it is important to 

distinguish life in 'typical' as opposed to 'innovatory' institutions 

and classrooms. Another task is to chart the way in which the state of 

a subject changes Over time, particularly within critical periods of 

reform. In this context it is important to distinguish desired or 

recommended changes from actual changes in teachers' practices. Primary 

sources which can be used as indicators of states and changes include 

textbooks, exercise books, educational aids, schools' schemes of work, 

examination syllabi and papers, inspectors' and examiners' reports, 

contemporary theses and dissertations, the pedagogical literature 

(including periodicals), and investigations, reports and recommendations 

of pressure groups and 'official' bodies. It must be admitted here that 

states and changes in teaching methods are more difficult to capture 

than those in scope and content. Furthermore, sources tend to give more 

date concerning desired states than prevailing states, and this may lead 

to distortion in historiography. 

As well as describing states and changes, yet another aspect of 

curriculum history is the analysis of the causes of change, or lack of 

it, in any period. At least two levels of analysis are possible here. 

The more tangible level involves description of the mechanisms of 

control and change, involving various interested parties, including 

individuals, distinguishable'groups, central and local government, the 

universities, examination bodies, publishers and educational suppliers. 

At a deeper level the search is for important underlying factors 

determining or inhibiting change, which may relate to shifting and 

possibly conflicting views of a subject, to the nature of the 
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educational system and the prevailing educational 'climate, ' and to the 

wider social, economic and political milieu. In particular, SOCiD- 

logical factors affecting the conception of school subjects have 

recently attracted considerable interest. 

Although some historians of mathematics have become particularly 

interested in the social context of mathematical developments, crude 

sociological reductionism in historiography has generally been rejected 

[Mehrtens, 19801. However, sociological perspectives are particularly 

relevant when considering the development of mathematics in education 

and such key questions as why this is taught rather than that, and why 

it is taught in this way rather than in that way, in various educational 

institutions. Layton's [1978, p. 1211 assertion that 'school subjects 

have been, and are, socially determined to some considerable extent, 

applies as much to mathematics as to any other subject, and questions 

of power and control are central issues in curriculum history, part- 

icularly over periods of curricular upheaval. However, as Layton 

suggests, there are very few detailed historical studies of curriculum 

change and resistance to change over key periods in the fields of 

mathematics and science. 
16 The present thesis is offered as one such 

study in the field of mathematics. 

The discussion will be restricted predominantly to England, 

though some important international activity will be considered in 

Chapter 3. The period chosen is necessarily somewhat flexible in its 

extent. This will allow some consideration of the late nineteenth- 

century circumstances prior to the years of greatest innovatory activity, 

between 1900 and 1914. Furthermore, to evaluate adequately the success 

or otherwise of the reform movement it will sometimes be necessary to 

consider developments up to as late as the 1940s, although curricula 

16 Layton's [19731 own book is exceptional, and on recent curriculum 
development in science see also Waring [19791. 
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had largely stabilized by around 1925. General secondary education will 

form a particular focus throughout, but it will not be treated exclusi- 

vely. The reform of mathematical education involved the educational 

system in all its parts, and cannot be fully understood without refer- 

ence to these various parts. Thus certain developments in infant, 

elementary, higher elementary, technical, and teacher, including 

university, education will be considered. 
17 The period chosen is also 

a vitally important one for the history of English educational admin- 

istration and curricular control, aspects of which will be considered 

in Chapter 2. The activities of various pressure groups and certain 

major early reforms will be discussed in Chapter 3. An evaluation of 

the particular contribution of the MA to the reform movement and the 

dissemination of innovations will be undertaken in Chapter 4. The 

influence of scientific and technical education, changes in teaching 

methods, and the progress of the 'Perry movement' will be explored in 

Chapter 5. Changes in the general 'climate' of educational thought and 

developing theoretical perspectives in mathematical education will be 

considered in Chapter 6. Two important curricular tendencies, 

'broadening' and 'unification' (or 'fusion') of content, will be probed 

in Chapter 7. Some discussion of the transformation of the three trad- 

itional branches, arithmetic, algebra and geometry, will be undertaken 

in Chapter 8. Finally, in Chapter 9, some concluding remarks will be 

made concerning general problems of curriculum change, based on the 

particular material and analysis in the earlier chapters. 

17 The mathematical education of girls will not be discussed 
separately from that of boys, though aspects of 'differentiation' 
will arise in Chapters 2,4 and 6. The whole subject warrants a 
separate study. See, for example, Clements E19791 for an 
Australian viewpoint. 
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Chapter 2 

The Administrative Context 

Government Curricular Controls. 

the Examination System and the Teachers 

The very last thing I desire to do is to impose on teachers 
my ideas of methods. Anything of the nature of a standardized 
method in English schools is unthinkable. The Board of Education, 
as I knew it, never issued decrees in matters affecting the faith 
and doctrines of our educational system; it confined itself to 
making suggestions. [Westaway, 1931, p, xil 

This statement from a former secondary HMI would, around the 

time it was made, have fairly reflected the attitude of the central 

authority for English education to detailed curricular controls in the 

fields of elementary, secondary, vocational and teacher education 

[Selby-Bigge, 1927, pp. 159-1741. These accepted limits for central 

educational administration in relation to curricula contrast sharply 

with the practices up to the 1890s of the Department of Science and 

Art (DSA) in relation to vocational and diverse forma of education, 

other then strictly elementary; the Education Department in relation 

to elementary and elementary teacher education; and, to a lesser 

extent, the Charity Commission in relation to endowed schools, Both 

the DSA and the Educa. tion Department adopted the powerful controlling 

mechanism of examination linked with inspection, for the purpose of 

allocating grants [BE, 1924, pp. 9-451. The important shifts of 

administrative policy influencing curricula from the 1890s, and 

particularly after the creation of a single central authority, the 

Board of Education (BE) in 1899, and the passing of the 1902 Education 

Act, 1 
will be considered in this chapter for the fields of elementary, 

The nineteenth-century administration of the DSA, Education 
Department and Charity Commission, which culminated in the 

, establishment of the BE, have been considered in detail by 
Bishop [19711. Central administrative restructuring after 
the 1899 Act, and local educational administration before 
and-after the 1902 Act have been considered by Gosden 
[1962tl966]. 



13 

technical, secondary and teacher education in turn. These, admin- 

istrative demarcations in English education were strictly drawn 

during the early years of this century, separately administered, and 

the blurring of educational categories was thereby discouraged. 

However, such categories were problematic in the late nineteenth 

century, when conflicting interests were involved, and the important 

general curricular implications should not be overlooked. 

These issues concern primarily the relationships between 

elementary, secondary and technical education, and the important 

implications of their rigid definition and separation for the twentieth- 

century progress of scientific and technical education have rightly 

been emphasized by Cane [1959, pp, 63-641 and by Heward [1980, pp. 107- 

1091. There are also importaht implications for the scope and char- 

acter of mathematical education in different types of educational 

institution. Although the Education Department took some measures to 

extend mathematical education in elementary schools beyond the rudiments 

of arithmetic in the various Standards, shortly to be discussed, it was 

the DSA that did much through its examinations in science and art, and 

its arrangements for science schools and classes, to stimulate the 

study of both science and mathematics beyond arithmetic, not only in 

day and evening technical schools and classes, but also in schools of 

a 'higher elementary' type, grammar schools, pupil-teacher centrest 

and even training colleges [Rich, 1933, pp. 196-1971. The determining 

factors in the defining of secondary and technical education, and their 

separation, and the motives and activities of interested parties like 

the Headmasters' Conference (HMC) need not be pursued here, but 

relevant sources have been discussed by Heward [1980, pp. 102-1091 and 

by Jenkins [1980, pp. 46-471. Technical instruction come to be very 

widely interpreted after the Acts of 1888-1890 and it expanded rapidly 

in various forms over the last two decades of the nineteenth century 
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[BE, 19380 pp. 50-623. What is important for this thesis are the 

consequences of the resulting definitions and split of secondary and 

technical education for curriculum development in mathematics. 
2 The 

BE continued to examine in science and art, but its operations become 

confined to the field of strictly vocational and predominantly part- 

time evening education [BE, 1911, pp. 18,3251. Thus, one stimulus for 

the broadening of the mathematics curriculum in the upward-striving 

elementary system was removed. 
3 Furthermore, any curricular initiatives 

in science and art taken by the BE become limited in their direct 

influence. 
4 For the various types of secondary school under the BE's 

regulations it was still the universities, through their examinations, 

who largely determined the scope and content of secondary mathematical 

education. 

Administrative policies served also to sharpen the distinction 

between elementary and secondary education, and quasi-secondary develop- 

ments out of the elementary system, such as the higher grade schools, 

were inhibited [BE, 1926a, pp. 17-351. The concept of 'two nations' in 

English education persisted, linked only by a formal and narrow ladder 

[Lawson and Silver, 19731. Simon [1965, p. 2461 has referred to the 

policy of no 'crossing the lines' after 1902, with the expansion of 

secondary education meaning in effect the permitting of more elementary 

pupils up the ladder, via selection an the basis of examination perform- 

ance, Thus Abbott 5 [19179 p. 343 was prompted to refer to: 

the case of mathematics under the existing atrophied system of 
state education, in which the instruction of the majority of the 

2 The 'Perry movement, ' to be discussed in subsequent chapters, 
had its roots in strictly technical education, but subsequently 
become immensely important for mathematical education generally. 

3 'Broadening' of content as a general curricular tendency will be 
discussed in Chapter 7. 

4 The new subject of 'practical mathematics' from 1899 is an 
important example, to be discussed in detail in Chapter 5. 

5 For Abbott see the Appendix. 
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nation ceases abruptly at the age of thirteen or fourteen; it 
is usually impossible to attempt anything more than ordinary 
arithmetic. 

What seems clear is that to some extent it was the nature of the 

administrative arrangements that were hammered out around the turn of 

the century, and their underlying social assumptions, that created the 

situation to which Abbott drew attention, as well as reinforced the 

distinction between a Uiberal$ and a 'technical' mathematical education, 

which has contributed to the letter's generally inferior status in the 

present centurye 
6 The Royal Commission [Bryce, 1895a, po731 had refer- 

red to the possible 'warping' of curricula through the DSA's arrange- 

ments, but added: 

More general in its nature ... is that conflict which goes an 
in so many schools between the attempt to educate - to train the 
mind - and the attempt to teach something of immediate practical 
utilityO 

The separation of secondary and technical education was one 

administrative response to this conflict, and the various early 

Regulations for Secondary Schools, attempted to tackle this conflict 

at the level of overall curricular balanceo Within mathematical 

education the conflict persisted, and subsequently will be revealed 

as an important one for the development of mathematical curricula 

generally. 

Elementary Codes, Examinations, Schemes and suggestions 

From the time of the Revised Code of 1862, until the 1890s, the 

arrangements for the annual examination of pupils for the purpose of 

allocating grants, based an the various published Codes and Instructions 

to Inspectors, exerted a powerful and dominant influence on the 

curriculum in elementary schools. 
7 As Selleck [1968, p. 331 has 

6 The importance of the dichotomy will become clearer from 
Chapter 3. 

7 For the major changes in the nineteenth-century Codes and 
Instructions see Birchenough [19301 and Gordon and Lawton 
[1978, pp, 11-211, and for some discussion of the social and 
political context of change in elementary curricula in the 
period 1870-1907 see Gordon [19771. 
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emphasized, 'This rigid observance of the Code ... is of the utmost 

importance for any study of the curriculum in the late nineteenth 

century, ' and he has provided a useful general characterization of the 

linstrumentery education' under the system of payment for results in 

this period Epp. 24-451. 

The attitudes, motives, and conflicts which resulted in the final 

form of the Revised Code have been discussed by various writers, and 

the different interpretations need not be considered here, a The Code 

of 1862 specified six Standards for the three Re, as-a framework for 

the assessment by HMIs of pupils from the age of six. The syllabus in 

arithmetic was narrowly confined to the four rules for whole numbers, 

money, weights and measures, and culminated in 'practice? (evaluating 

costs from given rates) and 'bills of parcels' at Standard VI. 9 HMIs 

implemented the system with varying degrees of conviction, and Matthew 

Arnold was notably critical of its effects at an early stage [BE, 1924, 

pp. 14-171. Reporting in 1869, Arnold referred to 'Government arithmetic# 

in scathing terms as to modification of the science peculiar to 

inspected schools' [BE, 1908a, p. 1281. 

To make the best of the system, by maximizing pupils' performance 

in the written tasks set by HMIs, the teachers-were supported by the 

publishers, who operated in a highly competitive but expanding market, 

particularly after the 1870 Act. As a R. epqiýt for the BE [1928op pp. 11-121 

subsequently remarked, I the indirect influence an publishers of successive 

Codes and Instructions to Inspectors ... was very great' and sales 

'depended upon the skill with which publishers were able to assist 

teachers in meeting official requirements. ' Thus both the publishers, 

8 For a recent discuss ion of various interpretations see Marcham 
[19791. 

9 The Standards for 1862 are reproduced in Gosden [1969, pp. 34-351, 
who also includes a cameo of life in a village school under the 
system in the 1860s Epp. 40-443, as well as some of HMI Matthew 
Arnold's early criticisms Epp. 36-391. 
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output, commonly in the form of a series of printed cards in arithmetic 

for each Standard, and their advertising, reflected the various 

detailed shifts in the official Codes and Instructions [Ellis, 19711. 

The general effects of the annual examination-have been well summarized 

as follows: 

its uniform character allowed no scope for variety ... its results 
were minutely and unreasonably related to the Government grant, and, 
perhaps worst of allp ... its demands left no time over for teachers 
and inspectors to think of anything else, [BE, 1924, pAGI 

In arithmetic in particular, the mechanical working of the 

prescribed algorithms was relentlessly practised, to optimize perform- 

ance an the crucial day of examination, and understanding, which the 

system did not test, was not surprisingly neglected. Partly as a 

response to feedback from HMIs, as well as pressure exerted by the 

School Boards from 1870, and organizations such as the National Union 

of Elementary School Teachers (NUET), various adjustments were made to 

the Education Department's powerful mechanism of curricular control. 
10 

Only those changes which are important for mathematical education will 

be considered here. 

One of the early effects of the. -Revised Code was the serious 

narrowing of the elementary school curriculum, both in its overall 

range and within particular subjects. To attempt to overcome this 

problem, grant-earning 'specific subjects' were introduced in a 

Minute of 1867, and 'class subjects' were added in the Code of 1875. 

(See Illustration 1. ) Furthermore, within the basic three Re, higher 

levels of attainment were demanded in the Code of 1871, which replaced 

the syllabus for Standards I-V by the previous syllabus for Standards 

II-VI, thereby dropping the old Standard I, and introduced a new 

10 For some discussion of the curricular influence of the School 
Boards see Gordon and Lawton [1978, pp. 209-2121. The NUET 
dropped the qualification 'elementary' in 1889, and its 
particular efforts to reform the Codes, to influence the 
School Boards, and to gain the appointment of teachers as 
HMIs have been considered by Tropp [19571. 

11 Mathematics was affected only by the arrangements for 'specific 
subjects. ' 
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Standard VI, which brought simple proportion, as well es, vulger and 

decimal fractions into the syllabus for arithmetic [Committee of Council, 

1871, P. Cix], 
12 Illustration 1 shows in tabular form the progress of 

the various 'specific subjects' under the Codes in the period 1872- 

1899. Notable are the modifications to the classification of the 

mathematical subjects for grant-earning purposes, with algebra, Euclid 

and mensuration separately recognized from 1890, as had previously been 

the case up to 1875. Algebra, which could be taught mechanically on 

the lines of arithmetic, was not surprisingly much more popular then 

the study of a couple of Books of Euclid throughout this period [BE, 

13 1900a, ppo558-5591 . During the 1890s there was a rapid gain in 

popularity, for mensuration, which was again a much more approachable 

branch then pure Euclidean geometry. 
14 The general doubling of the 

number of entries in 1899 was a consequence of the ending of 

individual examination of pupils to determine grants, Further 

broadening of the scope of the work within the three Re was one 

objective of the Code from 1882. 

The 1882 Code introduced a higher Standard VII, and prescribed 

the additional topics in arithmetic of averages, percentages, discount 

and stocks, following the conventional commercial orientation in this 

branch [Committee of Council, 1882, pp. 132-1331. Also some attempt 

was made to encourage more intelligent learning through the introduction 

of 'merit grants, ' based an an HMI's general impressions of a school. 

Elementary education in all its aspects was subjected to a 

thorough investigation by the Cross Commission in the period 1886-1888. 

12 The previous absence of these topics illustrates the narrowness 
of the original Revised Code. 

13 Algebra covered the conventional development of the four rules; 
greatest common measure (GCM), lowest common multiple (LCM), 
simple equations in one and two unknowns, and simple quadratics. 
The Cambridge textbook writer H. S. Hall catered specially with 
a textbook for the 'specific subject' of algebra under the Code 
[Hall and Wood, 19001. 

14 Mensuration covered triangles and parallelograms, the circle, 
parallelopiped, spherev right cone and cylinder. 
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Major differences of opinion resulted in the issue of a majority and 

a minority report. The minority favoured the ending of the system-of 

payment for results and the adoption of a system of payment for means, 

with greater local administrative responsibility. 

The need for some relaxation of the system was generally admitted 

by the Cross Commissioners, to reduce the over-emphasis. on the lower 

Standards, to bring less rigidity into the teaching, and to encourage 

more breadth and variety in curricula. The need for more practical and 

vocationally relevant curricula was emphasized, and this applied to 

arithmetic in particular, which also warranted the subsequently common 

plea for more understanding and less rote manipulation of symbols 

[Birchenough, 1930, pp. 150-155p384-3851,15 However, until the 1890s, 

the system still persisted in its most severe form in spite of teachers, 

discontentment, and the growing enlightenment in educational thinking 

generally. 
16 

The newer educational arguments reflected the mare general 

reaction to the earlier Victorian preoccupation with efficiency and 

competition through examination, as well as the increasingly critical 

attitude to the mental and moral disciplinary value of the linstrumentary' 

education of the mosses [Gordon and Lawton, 1978, pp. 179-199; Selleck, 

1968, pp. 45-691.17 Also important for the break-up of the system was 

15 A master's thesis an arithmetic teaching by Owen [1959, pp. 79-1851 
shows that in the 1880s some teachers devised schemesp published 
in the Teachers' Aid, which were well in advance of the require- 
ments of the Code, particularly for the lower Standards. 

16 Ballard's detailed description of arithmetic under the system 
around 1890 is reproduced in Gordon and Lawton [1978, pp. 92-931. 
The annual examination comprised three very elaborate mechanical 
calculations and one problem, all an a very narrow syllabus for 
each Standard. The rules were the teachers' main concern, with 
problems either totally neglected or practised during the lost 
quarter of the year. Two items right out of four, secured a pass, 
so it was possible to avoid the problems entirely, and still 
leave some margin for error. For Ballard see the Appendix. 

17 Mental discipline and its theoretical underpinning in faculty 
psychology will be explored in Chapter 6. 
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the, rapid development of elementary schools after 1870, as well as the 

growing concern of the State for education other than elementary. The 

administrative burden, particularly an HMIs, became such that 'the 

system at length broke down by its own weight' [BE, 1924, p. 171. 

Annual examination was withdrawn by stages between 1895 and 1900, and 

a system of 'block grants' replaced that of payments for results in 

various aspects of the curriculum. The new enlightenment of the 1890s 

is also reflected in the Education Department's policy with regard to 

arithmetic. 

Various Circulars and Instructions to Inspectors from around 1890, 

and particularly Circular 322 of 1893, contributed to the spread of 

Kindergarten methods in infant education. The Education Department 

also encouraged the extension of activity methods upwards to Standard 

III [BE, 1933, pp. 26-30; Garlick, 1898, pp. 353-3561.18 The Code of 

1894 introduced some major changes in the requirements for arithmetic 

up to Standard IV. 

A new Scheme B was introduced in 1894 as an alternative to the 

previous syllabus, designated Scheme A, with yet a further Scheme S 

provided for small schools. (See Illustration 2. ) The alternative 

Schemes were introduced to permit a more gradual development of the 

subject, with much smaller numbers in the early stages and a more 

varied treatment. The Instructions explained that many experienced 

teachers now felt the need for such a change and added 'My Lards 

desire that teachers who adopt this view of arithmetical teaching 

should be at full liberty to give effect to it' [Committee of Council, 

1894, p. 4201. 'My Lords' also emphasized the value of varied oral 

work, mental exercises, the understanding of principles and processes, 

and intelligent problem solving [Committee of Council, 1894, pp. 419-4201. 

Other notable features of the 1894 Code are the elements of 

18 Activity methods will be discussed in Chapter 5. 
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differentiation between boys and girls, which persisted into the 

twentieth century; the introduction of some mensuration in Scheme 8; 

and the new requirement that the principles of the metric system 

should be taught, and preferably also decimal notation at Standard 

IV. 19 The introduction of Scheme B was a progressive step by the 

Education Department, but it was taken at a time when central 

curricular control through individual examination was about to be 

phased out. The process of transition from prescription and 

examination to suggestion and inspection was completed by the new 

BE in the early years of this century. 

After 1900, although the 'specific subjects' might still be 

taught, syllabuses were no longer centrally prescribed and the 

financial incentive for teaching beyond the range of elementary subjects 

was removed. 
20 From 1904, the Code merely specified in generalities 

the components of a basic elementary educatiafi, treated as a whole, 

and allowed the possibility of local variations in scope, content and 

methods. The following extract illustrates the kind of detail regarded 

as appropriate, and it also summarizes some of the newer emphases in 

arithmetic: 

Arithmetic, including practical work in measuring and weighing, 
oral exercises, written exercises, which should be of's Varied 
character and should not infrequently involve the application 
of more than one arithmetical operation, and, in the higher 
classes, practice in describing the processes used. Elementary 
instruction in mensuration should be given, and the advantages 
of a decimal system of weights and measures should be explained 
to the older scholars. The use of literal symbols in working 
simple problems may with advantage be taught in the higher 
classes. [BE, 1906a, p. 21 

19 By 1900, mensuration was included in Schemes A and B, but for 
boys only [BE, 1900a, p. 5391. The metric system had been 
introduced into the much earlier Code of 1871, but had dropped 
out three years later [Committee of Council, 1871, p. cix; 1874, 
p. cl]. The pressure for metrication was much stronger in the 
189as, and these issues will be explored in more detail in 
Chapter 8. 

20 With the ending of central curricular controls, and the encourage- 
ment given to local initiatives, it is much more difficult to 
capture the states-df and changes in elementary curricula. 
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It should be emphasized that in arithmetic Scheme B continued to be 

very influential and was still used by the BE as B syllabus for 

Certificates of Proficiency for the labour market until 1905 [Ballard, 

1912, pp. 3,261. For this purpose it was then replaced a year later by 

a new Syllabus of Arithmetic with B strong emphasis an mensuration 

[BE, 1906a, pp. v-vi, 42-441. However, the BE's general policy was now 

to encourage variety and experimentation, and, to this end, the first 

handbook of, Suggestions was published in 1905 [BE, 1905a]. 
21 

The Suggestions, encouraged teachers to go beyond the previous 

Schemes A and B, and three new schemes were published 'to stimulate 

teachers to draw up their own schemes suitable to the local needs and 

to the abilities of the school staff' [BE, 1905a, pp. 44-451. Over 

the first decade of this century Scheme 8 continued to be the basis 

for most textbooks intended for elementary schools, and some referred 

to Scheme B in their titles [British Museum, 1906, pp. 61-63; 1911, 

pp. 62-641. The London County Council (LCC) [1911, pp. 121,1281 in a 

survey during 1907-1908 found some schemes in advance of Scheme 8, 

following the BE's Suggestiona, with the earlier teaching of fractions 

and decimals, practical and graphical work, and more mensuration in 

boys' schDDlB; and work on the lines of the BE's Scheme II in girls' 

schools. (See Illustration 3. ) 

The general pattern of change in London is confirmed by Ballard's 

E1912, pp. 9-1111 survey of seventy senior departments (see Illustration 4), 

and one headmaster referred to $almost a revolution' concerning aims 

and methods over the previous decade [Spencer, 1912, p. 311, though 

older teachers particularly were experiencing discomfort in the process 

of adaptation. Teachers' conservatism in spite of the Hew circumstances 

created for curriculum development is understandable, for as 

21 The Suggestions were subsequently revised and reissued as a new 
handbook from ýime to time. The section on arithmetic was first 
rewritten and issued as Circular 807 in 1912 [BE, 1912c]. 



IMATHEMATICS IN THE Si; xioit DMIARTMENTS. 

Before dealing with tho senior dopartniontS, it May bo Avell 
that I sliould. expliAn thu raugo. of exportence upon which 111Y 
report is based. First, comes my kuowledý; u of tho t'Chooli4 in 
my own district; secondly, visits inado to typiuil whools it, 
other parts of t1to Metropolis ; thirdly, eonferunev8 with 111Y 
colleagues; and fourthly, an extuniuntion of Ole syllabit. -wo nud 
methods in use in 70 departmenti taken entirely at randoin 
from the various inspectorial-districts. Of thenw 70 whools, 
*30 were boys', 30 girls', and 10 juixed depai tinotits. Tlio list 
comprised both Council and Non-provided Ealwol ; in fact, 
every variety of school except tho Higher Grado and Cetitml- 

Soino of tho results of iny inversaigations aro 1wrtmith 
tabulated : - Wonihor of Cases 

lu which it ljo 
lallght fir Uscil ill 

81111ject or 2110111M. , tho '00 Schwill. 

Scheme B. Syllabus (modified) - GO 
Practico ----- 51 
Recurring Decimals - : 17 
Compound Intorest - : 13 
True Discount 17 
Stocks and Sham. 4 MI 
Squara Root 
Cube Root 

Rulo of Three "-Laught by mathod of 
lulit exclusively 1-1.1 

Rule of Threo "-taught by proportion 
as well 46 

'rots 36 
Simple Graphs . 17 
Practical Arithmetic taken systematieally 44 
Multiplication in which tho pupil starts 

with the highest denomination in tlio 
multiplier 3 

Doth methods of multiplication (. starting 
with the unit figure, and starting with 
the highest denornination) -- 1.1 

1-,. C. 11. and H. C. F. taught by repeated. divisions only 
L. C. M. and taught by factors only 24 

it 19 both methods 2-1 
Factors used for extraction of t; quaroj and 

cube roots 17 

Illustration 4 Some Results of 
Ballard's [1912, p. 93 Survey 
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Edmond Holmes, a former HMI, forcibly remarked 'for thirty-three years 

they had been treated as machines and they were suddenly asked to behave 

as intelligent beings. ' 
22 

The period 1895-1905 was also a difficult one for HMIs, whose 

role had to be gradually redefined, and not without some early 

'uncertain effort and doubtful aims' [BE, 1924, p. 181. After 1902, 

HMIs also had to work in conjunction with the new LEAs and their 

officials, and in particular the LCC was notably active in the field 

of curriculum development before the First World War, providing confer- 

ences and courses on various aspects of the teaching of mathematics 

ELCC, 1911; Nunn, 1912a, pp. 302-3031.23 In addition to the formal 

work of inspection, HMIs too became involved in the dissemination of 

innovations, through publications, including the Suggestionsl, courses 

and informal contacts-EBE, 1924, pp. 18-241. The early years of this 

century were certainly critical ones for elementary curriculum 

development, but there are two important inhibiting factors to be 

considered, namely the arrangements for scholarships and free places, 

and the growing concern for standards in the three Rs, from around 1910, 

which prompted initiatives from both the central and local authorities. 

ABPECtS of the general development of the competitive scholarship 

ladder linking the elementary and secondary systems from the 1860s have 

been condidered by Gordon [1977, pp. 49-521, and by Gordon and Lawton 

24 [1978, pp. 195-2041 . Supplementing those scholarships provided 

privately, by some schools' endowments, and by the DSA, local 

authority provision developed from generally small beginnings in the 

1890s, largely through the working of the Technical Instruction 

22 Quoted in footnote [Selby-Bigge, 1927, p. 1341. 
23 The LCC's [19111 Report, following a Conference on arithmetic 

teaching, 1906-1906, runs to 134 pages. It was largely the 
work of Branford, with some assistance from Nunn. For Branford 
and Nunn see the Appendix. 

24 For more detail of developments, 1890-1912, see also BE [1913s, 
pp. 3-331. 
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Acts, 
25 

and developed further after the 1902 Act, particularly through 

the efforts of the new LEAs and the stimulus provided by the BE for 

the preliminary education of elementary teachers in secondary schools. 

Further expansion followed the BE's introduction in 1907 of the scheme 

which required grant-aided secondary schools to provide normally 

twenty-five per cent of their places as 'free places' for elementary 

pupils [BE, 1938, p. 3051. 

Written examinations in the basic subjects of English and arith- 

metic, at around the age of eleven, became the LEAs' generally accepted 

principal means of determining pupils' suitability for a secondary 

education. 
26 

Although it was argued that this policy would minimize 

the backlash effects on the elementary curriculum as a whole, clearly 

there are*impo3Stant implications for mathematical education [Association 

of Education Committees, 1930, p. 27h One effect was the narrowing of 

the mathematics curriculum so that arithmetic was, the sole area of 

consideration* Even before the First World War one elementary teacher, 

while describing his own innovatory scheme, complained that #work in 

the later years is very much curtailed by the miserable requirements 

of some educational authorities for scholarships to be held in the 

Secondary Schools' ER. W. Jones, 1912, p. 3711. 

Between the Wars, the BE's 11931, p. 1391 Consultative Committee 

reported that 'There is a general agreement among our witnesses that 

too much time is given to arithmetic in primary schools, ' and that this 

situation was 'often maintained by the importance attached to the 

subject in free-place and scholarship examinations' Epp. 139-1401. As 

well as inhibiting the broadening of the mathematics curriculum, a 

large number of witnesses also criticized the emphasis on English and 

25 The LCC's scholarship system developed rapidly in the 1890s, and 
specimen arithmetic papers were included by the prolific arith- 
metic textbook writer Pendlebury [1899, pp. 185-1881 in his very 
popular A 'Shillingr Arithmetic. 

26 Various tactics in selection are discussed in BE [1926s, 
pp. 132-1391. 
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arithmetic for the resulting distortion of the overall balance of the 

curriculum Epp. 101-1021. These examinations 81SD generated competition 

between teachers and schools, as well as pupils, and encouraged rigid 

and early streaming of pupils and even the streaming of the teachers 

themselves [Wingrove, 1976, p. 171. As with payment for results, the 

system led to coaching of pupils for the requirements in mechanical 

and problem arithmetic, and, furthermore, mediocre pupils could some- 

times be coached to a relatively high level of performance [BE, 19310 

p. 1021. 

As well as receiving the attentions of the Consultative Committee, 

the whole system of selection was considered by a Departmental 

Committee [BE, 1920s], and was also the subject of a Memorandum from 

the BE [1928b]. Such examinations were developed as the major 

administrative device for operating the narrow ladder linking the 

elementary and secondary systems. Unfortunately, the intention merely 

to provide a uniform qualifying hurdle was not implemented in practice. 

A Committee of Enquiry in 1927 summarized the situation thus: 

obviously, under present conditions, with the lack of secondary 
school places, so far from being a merely qualifying examination, 
it has become a competitive test of great severity, and, with 
the considerable variation in the number of school places 
available in different parts of the country, the standard needed 
for success varies from district to district in a most distracting 
way027 

This general pattern of developments in the secondary system exacerbated 

the various effects which have already been considered. Another 

potentially narrowing and distorting influence an mathematical 

education Was the growing concern for standards in the three Rs. 

There is evidence of concern for the standards of arithmetical 

accuracy of London elementary school pupils by 1910. Ballard, an LCC 

Inspector, reported in 1911, 'On the Alleged Decline in Arithmetic 

Accuracy in Elementary Schools' [Gordon and Lawton, 1978, p. 931, 

27 Quoted in Association of Education Committees [1930, p. 231. 
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and he returned to this issue in his paper for the Special Reports in 

the following year [Ballard, 1912, p. 16]. 
28 The BE's [1912c, p. 91 

revised Suggestions also commented: 

In the reaction against a dogmatic treatment of frules' and 
an undue insistence an nest and mechanical cyphering, it may 
be that accuracy in arithmetic is sometimes insufficiently 
regarded. It is not, however, in any way incompatible with 
intelligence.... 

Birchenough [1930, p. 2051 has referred to 'The pessimistic 

utterances before and after the War about the deterioration in the 

three RIO and to an enquiry in Lancashire, during 1913, concerning 

the 'alleged deterioration. ' The complex problem of judging standards, 

and contributory administrative factors such as the size of classes, 

the quality of the teaching force, and the provision of buildings and 

equipment will not be pursued here. However, what is clear is that the 

concern of both LEAs and the BE continued in the 1920s, 

Concern for standards in rural schools prompted Leicestershire 

County Council [19231 to publish their own Suggestions for arithmetic. 

This LEA's motivation is clear from some of the introductory remarks: 

There is no doubt that the Arithmetic teaching in the Elementary 
Schools has in recent years developed very strongly on what is 
called the tintelligencel side.... While continuing to develop 
intelligence we want to make it more effective by improving the 
mechanical efficiency of the children in dealing with numbers. 
[Leicestershire County Council, 1923, p. 61 

Particularly significant is the investigation by HMIs, during 1924, of 

some fifty-five thousand children's performance an mental, mechanical 

and problem arithmetic tests at Standards V and VII. Over 1250 

schools were involved and the results were subsequently published in 

detail [BE, 1925a]. 

This exercise was conducted twenty-five years after the ending 

of the. annual examination by HMIs, and would have been a delicate 

matter as regards relations between the BE, the LEAs and the teachers. 

28 Historical parallels with the recent concern for standards have 
been drawn by McIntosh [19771, an LEA adviser, and by 
T. 0, Fletcher [19771, an HMI. 
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Predictably, the general conclusions were rather vague, and inter- 

spersed with qualifying remarksý particularly concerning the need to 

improve the quality of educational provision. However, the BE's action 

symbolizes an educational climate less sympathetic to curriculum 

development then had been the case before the War. 29 

Science and Art Examinations 

In addition to the Government's powerful curricular control of 

elementary schoolsq exercised by the Education Department until the 

1890s, the Government also came to influence the teaching of various 

'science and art' subjects in a variety of educational contexts, 

through the operations of the DSA, and particularly its examinations 

in science from 18GO. There have been various studies of aspects of 

the nineteenth-century work of the DSA, though with a focus predom- 

inantly on administration rather then curricula [Brack, 1975s, p. 90; 

Heward, 1980, pp. 97-99,109]'30 Its operations are important for 

understanding the development of scientific and technical education, 

including mathematics. The DSA's subsequent influence an mathematics 

in the higher grade schools has been considered in a dissertation by 

Hitchens [19781. 

Even before the Revised Code, the DSA itself had adopted a 

system of payment for results in annual examinations an the principles 

of science and art, intended for members of the industrial Classes, 

taught in the evening by suitable persons certificated by the 

Department. Practical geometry WBB offered in the first list of 

science subjects, in a Minute of 1859, and pure mathematics was added 

in 1864. The geometry, both plane and solid, was essentially 

29 The Consultative Committee's [BE, 1931, pp*140-1411 attitude to 
primary arithmetic was also notably reactionary, and in conflict 
with the Committee's generally progressive educational stance. 

30 For a valuable summary of aspects of Butterworth's doctoral 
research on the DSA see -Butterworth 

[19781, to appear in R. Macleod 
(ed. ), Days of Judgementl(Driffield). 
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geometrical drawing and was divorced from the theoretical study of 

Euclid. On the other hand, the mathematics included purely demon- 

strative Euclidean geometry and the conventional academic subject- 

matter of arithmetic and algebra, which reflected the DSA's policy 

of promoting education in general scientific principles rather then 

instruction in narrowly technical applications. Both practical 

geometry and pure mathematics in its various 'stages' subsequently 

became very popular subjects [Butterworth, 1978, pp. 4-7t 18-191.31 

The scale of the DSA's work, based at South Kensington, grew 

rapidly from the 1870s, in response to the general demand for various 

forms of technical education, and the number of science subjects grew 

to around two dozen. Furthermore, the Department also became 7 

gradually involved in the payment of grants for instruction in day- 

time classes, and arrangements for the conduct of day 'organized 

science schools' were introduced in 1872, to encourage more coherent 

courses in science and art then just the teaching of isolated 

subjects in 'science classes. ' Thus day schools also had the option 

of adapting the arrangements for either 'science classes' or a 

'school of science' in order to benefit from the DSA's grants. The 

DSA thereby came to influence the curriculum in schools providing 

various forms of education other then elementary, and particularly the 

higher grade schools, but also the less prestigious and financially 

needy secondary schools. Initially, a 'school of science' had to 

provide a three-year c ourse on approved lines with at least fifteen 

hours of science and art subjects, andgrants paid partly for results 

and partly for attendance. These conditions were such that grammar 

schools tended to organize 'science classes' rather then a 'school of 

science, ' the latter arrangement being favoured by the higher grade 

schools [Goaden, 1966, p. 48; Cane, 1959, pp. 59-611. 

31 Mathematics examination papers are reproduced in Hitchens [1978, 
pp. 73-781. 
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By 1894 there were nearly one hundred day 'schools of science, $ 32 

and the DSAIs activities in the field of secondary education were a 

particular concern of the Bryce Commission, which reported in 1895. 

The effects of the DSA's arrangements an the overall balance of 

secondary curricula is well illustrated by the specimen timetables 

collected for the Commission. Summarizing generally, for boys' schools 

of the first and second grades the number of hours of mathematics in 

a week, including arithmetic, varied between four and seven for non- 

specialist C18SBeS, with additional hours provided for intending army 

officers and university aspirants specializing in mathematics. Predict- 

ably, schools of the first grade were not influenced by the DSA, though 

the example of Leeds Modern School illustrates the effects of the DSA 

on the curricula of some second grade schools. The top three forms Of 

this school constituted an 'organized science school' providing 

thirteen, thirteen and a half, and fifteen and a half hours of mathe- 

matics and science, with as much as nine hours of mathematics in the 

top form [Royal Commission (Bryce), 1895b, pp, 404-4121. For boys' 

schools of the third grade there is rather more variation in the amount 

of mathematics, dawn to as little as three hours of arithmetic only, 

but with much more generous provision for science and mathematics, 

including practical geometry, in higher grade schools under the DSA 

Epp. 412-4151. (See Illustration 5; ) In the case of girls' schools 

the amount of mathematics generally varied between two and five hours, 

with a greater tendency for this to be predominantly or wholly 

arithmetic. However, the influence of the DSA even extended to girls' 

education, as the example of Leeds Central Higher Grade Board School 

illustrates. The girls' department included an 'organized science 

school, ' with five hours of mathematics boosted by three and a half 

32 The total number of 'classes'*was around twenty-five times this 
figure. The bulk of the DSA's 'schools' and 'classes' continued 
to be held in the evening [Butterworth, 1978, p. 211. 



hours of practical geometry in the first year Epp. 416-4231.33 

30 

The Commission noted that the DSA had become essentially the 

central authority for technical education, 88 Well as a government 

examining body in the vaguely defined secondary field. As regards the 

latterl the Commission drew attention to various limitations in its 

work as an educational authority. Its operations were too centralized 

and concerned principally with payments for results, with little 

attention being paid to educational means via the mechanism of 

inspection. Furthermore, it was too specialized, being an examining 

body only for science and art subjects, and with syllabi and methods 

geared principally to part-time adult evening education and not to 

day-time secondary education an 'liberal' lines, In addition to 

these educational arguments, and as in the case of the Education 

Department during the 1890s, the DSA's administrative burden as an 

examining body had increased alarmingly, end, even before its demise, 

some modification of its policies became necessary [Bishop, 1971, 

pp. 190-2011. 

From 1894 the regulations for a 'school of science' were 

modified. The minimum specified time for science and art subjects 

was reduced to thirteen hours; grants were now to be paid partly an 

the results of inspection, with payment far results restricted to the 

more advanced stages; and inspection was to be extended to literary 

as well as scientific subjects, with a minimum allotment of ten hours 

per week. The DSA's general policy of payment for results was also 

gradually phased out, with some resulting diminution in the total 

number of examination entries by 1900 [Gosden, 1966, p. 48; Butterworth, 

1978, p. 151. It should be added that during the 1890s many more day 

schools of various types incorporated 'science classes, ' in normally 

33 The DSA allowed the girls to substitute botany for practical 
geometry in the second year, which exemplifies differentiation 
and demonstrates at least some flexibility in the Department's 
operations. 
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up to at most--four subject, rather then a 'school of science. ' 34 
In 

the 'classes, ' pure mathematics and inorganic chemistry were the most 

popular subjects outside the technical schools, where practical 

geometry was the most popular choice, with mathematics and chemistry 

also popular additional subjects. Thus,. in general, the DSA's policies 

strengthened the place of mathematics in schools below the first grade, 

but the character of the work undertaken is another matter. As HMI 

Fletcher [1912, p. 931 subsequently remarked: 

the great stress laid an Science, though in some ways it has helped 
to improve the Mathematics, has probably an the whole tended to 
obscure the need for improvement. Care had to be taken at one 
time that the demand for Science should not be treated as met to 
some extent by what was then the more familiar subject, 
Mathematics. 

One early problem for the BE was to accommodate and gradually 

transform the concept of a 'school of science, ' through its regulations 

for secondary schools. The BE also inherited the DSA's major role as 

an examining body in the field of day and evening further education in 

science and art, and early twentieth-century developments in this 

respect will be considered first. 

The DSA's work in the field of further education was continued 

by a newly created Technological and Art Branch of the BE from 1903. 

Regulations distinct from those for elementary, secondary and teacher 

education were published annually, and included the arrangements for 

the examinations in science and art. The BE was not alone in the 

field of technological examining, which was also catered for by bodies 

like the City and Guilds of London Institute and the Union of 

Lancashire and Cheshire Institutes [Montgomery, 1965, pp. 91-96,212-2271. 

Teachers in this field eventually became nationally organized as the 

Association of Teachers in Technical Institutes, in 1904, and could 

now exert more effective pressure an the various examining bodies to 

34 For example, for the year 1898-99, there were 159 day 'schools of 
science' and 533 day 'science classes, ' though involving only 
forty per cent more students [Cane, 1959, p. 591. 
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produce a system better adjusted to local and industrial needs, and 

to the teaching in the technical institutions themselves. 35 The ATTI 

pressed for improvements in the content and form of examinations, and, 

more radically, for the ending of purely external examining, such as 

was conducted by the BE in particular [Webb, 1915a, p, 71. As part of 

the BE's general policy of abandoning detailed and centralized curric- 

ular controls, and partly as a result of the ATTI's pressure, the BE 

itself gradually withdrew from technological examining. Examinations 

in the elementary $stages' were discontinued in 1911 and all the BE's 

science examinations were phased out by the end of the First World War. 

Other examining bodies continued their operations; the formation 

of new regional bodies was encouraged, as well as greater involvement 

of the institutions themselves; and the BE now pursued a policy of 

endorsement for 'grouped course' rather than individual subject 

certificates. Furthermore, from 1921 a system of national certificates 

and diplomas was developed jointly by the BE and certain professional 

bodies, such as the Institution of Mechanical Engineers, with the 

examinations conducted by the technical institutions themselves, or 

provided by an approved body [BE, 1924, p. 301. Thus the BE maintained 

some measure of control over the general arrangements for technological 

examining, even though the detailed centralized control of the old 

'South Kensington' examinations had been eliminated. 

The BE's policy of gradual withdrawal from actual examining 

meant that its direct influence an the curricula of technical 

institutions declined in the early twentieth century. However, by 

coincidence, in the same year as the BE Act was passed (1899), the 

DSA introduced a new subject called 'Practical Mathematics, ' as an 

35 'Institutes' became 1Instjtutiona1, inj9O7,, and Abbott, a member of 
the Association (ATTI), Was a leading figure in its 
organization, as well as in mathematical education CATTI, 1954, 
pp. 5-91. 
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alternative to the conventional pure mathematics. There were only 212 

papers worked in the new subject's first yeat, compared with around 

twelve and a half thousand in practical geometry and twenty-four 

thousand in mathematics [BE, 1900b, p. 351* Although the total number 

of entries f or these three subjects gradually declined, as a 

consequence of the BE's policy with respect to the DSA's examinations 

and the desirable range of their influence, there was a dramatic 

swing towards the new subject and away from pure mathematics over the 

first decade of this century [Brack and Price, 19809 pp. 376-3771. 

The engineer John Perry 36 
was the inspiration behind the new subject, 

which subsequently enjoyed enormous success within technical education, 

and the progress of the much wider 'Perry movement' will be explored 

in the later chapters of this thesis. It is sufficient here to quote 

some of Abbott's [1912a, p. 101 opening remarks in his paper for the 

Special Reports: 

It is probably correct to say that nobody has done more to 
influence the teaching of Mathematics in this country during 
the last 15 or*20 years then Professor Perry; and in no 
branch of the work has he brought about greater changes then 
in the teaching of Mathematics to technical students. Until 
the introduction of his 'Practical Mathematics, # the 
mathematical teaching of students in Technical Institutions 
followed, for the most part, the ordinary conventional 
academic routine.... But all this Was changed by the 
introduction of Professor Perry's 'Practical Mathematics' .... 

Thus, in sharp contrast to its general administrative policies regarding 

curricula, the BE itself became instrumental in major curriculum 

change within technical mathematical education. 
37 

36 For Perry see the Appendix. 
37 The BE's examinations in pure mathematics appear to have left much 

to be desired in the same period. The following bizarre item of 
190Lý with pungent comment, was included in the 

, 
Mathematical 

Gazette's 'Pillory' for examination questions: 
I The external measurements of a closed box are 36 inches, 2.2 
feet, and . 509 yards. Find the cubic space within if the wood 
of which it is made has a uniform thickness of one-tenth of a 
foot., ... Note the useful fit, ' the mixture of units, and the 
recurring decimal. English grammar, ordinary common sense, and 
physical possibility smashed in one questionI Can anyone beat 
this? [Aleph, 1910, p. 2801 
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The Board of Education and Secondary Education 

The BE and the new LEAs from 1902 inherited an unco-ordinated 

system of grant-aided secondary education in various forms conducted 

in a variety of institutions such as endowed grammar schools, higher 

grade schools, technical day schools and pupil-teacher centres, with 

curricula in many cases tailored to the DSA's system of grants. In 

addition, there existed schools independent of central and local 

funding, and headed by the influential boys' public schools of the 

HMC, which were closely linked with the ancient universities. It Was 

now the joint responsibility of the new central and local authorities 

to transform the existing patchwork into a coherent and well-defined 

system of aided secondary schools. The Cockerton Judgement of 1901 

had already affected the future of the higher grade schoolst few: of 

which became higher elementary schools, following the Minute of 1900, 

as opposed to municipal secondary schools under the BE. Higher 

elementary schools represented a blurring of educational categories, 

which was discouraged both legislatively and administratively. 

However, another form of quasi-secondary education was provided by the 

central schools from 1911, particularly in the London area, and the 

general development of POBt-primary education, other then in secondary 

schools, was stimulated by the Education Act of 1918. The whole subject 

was considered in detail by the Consultative Committee, which reported 

in 1926 EBEt 1926s, pp. 26-691.38 

Day technical schools and classes had also thrived under the DSA, 

but were somewhat uncomfortably'accommodated within the BE's admin- 

istrative framework, being dealt with under the regulations far further 

education of the Technological Branch from 1905. However, the 

38 The development of central schools, and senior elementary classes 
and schools, culminated in the notion of a secondary modern 
school. Senior School Mathematics was the subject of an 
Educational Pamphlet of the BE [19351. 
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development of junior technical education was such that these schools 

became the subject of separate regulations from 1913. Some technical 

schools took an alternative route and became municipal secondary 

schools under the BE [BE, 1938p pp. 82-86; Millis, 1925, pp. 98-1181. 

The BE's policy for the development of curricula in grant-aided 

secondary schools, with particular reference to the place of science, 

has been explored in some detail by Jenkins [1979, pp. 2-141. For the 

two-year period, 1902-1904, the existing 'schools of science' continued 

to operate an the general lines laid down by the DSA from 1895 (see p. 30), 

being merely renamed 'Secondary Day Schools (Division A), 1which now 

numbered over two hundred, with grants determined almost wholly by 

capitation and attendance. However, grants were also made available 

for 'Secondary Day Schools (Division B), 1 these being predominantly 

endowed grammar schools, which had to provide at least nine hours of 

science and art subjects per week. Given the necessarily higher 

running costs for 'Division A' schools, a higher rate of grant was 

provided than for 'Division 81 schools, which numbered over two hundred 

and fifty in 1904, exceeding the number of 'Division A' schools. Thus 

the BE continued to accommodate the existing 'schools of science, ' 

though no longer basing the grants on examination results. It is the 

1904 Regulations, however, which have attracted the most attention from 

historians and been the subject of somewhat conflicting interpretations. 

As a bifurcation of the DSA, a Secondary Branch of the BE, 

separate from the Technological Branch, had already been established 

to implement the BE's policy for the development of 'secondary schools' 

as units, which were required to provide a 'general' education, beyond 

elementary, and extending at least to the age of sixteen, with payment 

for means, involving inspection, and not payments for results. The BE's 

own single subject examinations were no longer intended for secondary 

schools, and, in any case, the many endowed schools which became 
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secondary schools under the BE were aligned with the public schools 

and the universities, the latter acting as the, major secondary 

examining bodies [Montgomery, 1965, pp. 88-901.39 The 1904 Regulations 

no longer distinguished two types of secondary school, 'Division A' and 

'Division B, I and instead required all schools to teach a range of 

compulsory subjects, with certain timetable requirements such as the 

allocation of 'not less than 71 hours to Science and Mathematics, of 

which at least 3 must be for Sciences [BE, 1904ap p, 181. The general 

concept of a secondary school was now aligned with the schools of 

'Division B, I which had rapidly developed from 1902.. 

For historians, the major controversies concern the importance 

of the RegulationR per se, and the role of Robert Morant in particular, 

for the future direction of secondary education along so-called 

'liberal' rather than 'vocational' and non-university orientated 

lines. 
40 The various arguments will not be pursued in detail here, 

though it does seem that the instrumental importance of the Regulations 

is easily exaggerated. 'Division A' schools were subsequently accom- 

modated within the mainstream development of general secondary schools 

under the BE, but only gradually. Under the 1904 Regulations it was 

still possible to earn additional grants for pupils pursuing 'special 

courses' in science at an advanced level, with at least thirteen hours 

per week of mathematics (including theoretical and practical geometry), 

science and drawing Epp. 19-201. Presumably, these special arrangements, 

which persisted up to the 1906 Regulations, [BE, 1906c, pp. 3-41, were 

designed primarily to soften the financial squeeze an earlier 

39 The BE's regulations for further education, 1906-1907, still 
permitted examination of 'external candidates, ' although the 
examinations were intended only for students and teachers within 
further education? A high additional fee might be charged for 
'external candidates' [BE, 1906b, pp. 28-341. Secondary schools 
sometimes preferred the examinations of the College of Preceptors, 
as the fees were half those of the universities [Fletcher, 1911, 
p. 4511. 

40 See, for example, the general discussions in BE [1938, pp. 66-731, 
and the papers by Banks [19541 and Eaglesham [19621. 
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'Division At type schools. However, for the 1907 RegulationsIthe 

whole business of detailed timetable engineering WBB abandoned, 

including the differential grants for special courses, though a list 

of compulsory subjects, including mathematics, was still given, and 

the BE's approval of a school's general scheme WOB Still a condition 

of receiving a grant [BE, 1907a]. A subsequent Circular of the BE 

explained that the earlier specific time allocations were 'of great 

service in practically impressing on schools the necessity of a certain 

breadth and solidity in the education given, ' but were only a 

'temporary expedient, ' and were dispensed with BS Boon as their 

purpose had been accomplished [BE, 1913bv p. 41. The Circular added 

that the BE 'could do no greater dis-service to education then by 

attempting to check the spirit of exploration, experiment, and Inquiry 

which should exist in every school# Ep. 51. 

Around 1900 there was clearly much public concern for curricular 

distortion in certain quarters [Jenkins, 1979, pp. 4-61, though Cone 

[19591 has argued from quantitative date that the scientific and 

technical bias tended to be exaggerated, and, in any case, much of 

the bias favoured mathematical subjects, which were well-established 

anyway, at least in boys' schools. Generally, the Regulationa appear 

to have followed the dominant conception of a secondary education, once 

this had become divorced from elementary and technical education, and 

along lines established by the universities, the public schools, and 

the older grammar schools. Developments were such that, by 1907, the 

BE found it no longer necessary to dictate either the hours to be 

devoted to specific subjects, or what was to be put into the hours, 

through the mechanism of its own examinations. However, the BE still 

generally insisted upon mathematics, beyond arithmetic, in a four- 

year course up to the age of sixteen, but the important question of 

differentiation between the sexes could not be ignored. 
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The Regulations from 1905 allowed some general differentiation 

in the timetables for girls' schools where the total time of 

instruction was less then for boys [BE, 1923a, p. 391. From 1909 the 

BE granted the specific concession that housecraft might be substituted 

for science or mathematics, other then arithmetic, for girls over 

fifteen years of age [BE, 1913b, pp. 29,311. HMI Fletcher [1912, p. 981 

explained that the BE had adopted a 'waiting observant attitude,, 

concerning differentiation, and, while the general policy was not to 

differentiate, greater flexibility regarding the scope of mathematics 

in girls' schools was granted in some cases. The BE's desiderstum and 

the general trend was to provide at least two years of geometry and 

algebra for all girls, and often more, up to the expected minimum for 

boys of 'Algebra to progressions or the binomial theorem, and the 

equivalent of Euclid I. -IV. and VI. 1 Ep. 991. The specific concession 

concerning housecraft persisted after the War, and the BE [19230, p. 461 

still allowed some girls to drop mathematics or science, in certain 

circumstances, though by 1923 it was found that 'such applications are 

not so frequently made at the present time as they were in former years. ' 

The BE's [p. 1241 Consultative Committee still suggested that in 

mathematics 'there might well be some differentiation between boys and 

girls both in subject-matter and in methods of teaching, ' and claimed 

that this view was 'widely held by competent authorities. ' The main 

issue in differentiation now concerned the character of girls' 

mathematical education rather than its scope Ep. 1391. From 1918 the 

latter was much influenced by the requirements of the First Examination 

for bath boys and girls. Bringing some coherence into the system of 

secondary examinations was a major component of the SE's policy concern- 

ing curricular control. Before discussing examinations, some points 

remain to be made concerning the relatively weaker curricular controls 

exerted by HMIs and the BEIB publications, apart from the Regulations. 
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From 1904, free inspection of grant-aided secondary schools 

under the BE's Requlations expanded rapidly, and was conducted by a 

newly organized Secondary Branch of the Inspectorate, led by the 

first Chief Inspector of Secondary Schools, W. C. Fletcher, a 

Cambridge mathematician and former Headmaster of the Liverpool 

Institute [BE, 1915a, pp. 28-33; Siddons, 19591. From 1906, public 

and private schools were also offered free inspection if they wished 

to be officially classed as 'efficient, ' and most of the leading 

public schools subsequently took up this option [Selby-Sigge, 1927, 

p. 1441. Operating an a district basis, HMIs acted as the eyes and 

ears of the BE, working in conjunction with the LEAs, governing bodies, 

and the schools. Given their wide and varied experience, HMIs, 

through their contacts with schools, provided one means for the 

dissemination of ideas. Their most powerful direct influence on the 

schools was exercised through the me&hanism of 'Full Inspections, ' 

instituted by Fletcher, and conducted an average quinquennially, by a 

team of HMIs over a period of up to five days EBE9 1915a, pp. 33-411. 

HMIs also became involved, anonymously, in the writing of various 

official guidelines for the secondary curriculum, as well as the 

provision of short courses for secondary teachers, begun in 1916 

[BE, 1926b, p. 1541. An alternative measure of 'efficiency' to that 

provided by HMIS was pupils' performance in examinations conducted by 

various bodies independent of the BE, and the relation between inspect- 

ion and examination was a major concern of the BE in the early 

twentieth century. 

From the 1850s it was the examination of pupils which became the 

principal means of promoting fair competition, determining 'efficiency; # 

and raising educational standards. Although the university examining 

bodies did make some provision for inspection, it was examination 

results and not educational means that were the dominant concern in the 
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nineteenth century. The limited scope of examinations as instruments 

of educational advance only slowly became clear, and, when the BE began 

to undertake inspection on a large scale, the problem of examinations 

and their effects rose to prominence. Furthermore, with the growing 

involvement of the BE in inspection, the universities gradually 

confined their operations to examination. Thus the flexible mechanism 

of inspection and the narrower but powerfully influential mechanism of 

examination were controlled by different bodies, unco-ordinated with 

each other [BE, 1911p p. 435; BEt 1915a, pp. 41-441. A Report of the 

BE [1915s, p. 161 admitted that secondary examinations 'grew up as a 

congeries of unrelated effortB, 1 and that the divorce from public 

inspectionýlremained for long, and still to some extent remains, a 

grave weakness in the Secondary School system. ' Although some 

co-ordination between the examining bodies was eventually achieved 

by 1918, the relationship with inspection remained problematic. The 

scope and content of secondary mathematics continued largely to be 

determined by examination requirements beyond the BE's control, 

though the various publications of the BE which concerned the 

curriculum were also an important influence, albeit less powerful, and 

particularly with regard to aims and methods. 

Before the First World War, the BE issued a number of Circulars 

an specific subjects in the secondary curriculum [BE, 1913b, p. 371. 

The first such Circular was devoted to geography, and the first 

Circular concerning mathematics was issued in 1909 as Circular 711, 

Teaching of Geometry and Graphic Algebra in Schools [BE, 1909s]. Such 

Circulars were published anonymously, but it was Fletcher who was 

responsible for Circular 711 and the subsequent Circulars on 

mathematics, up to his retirement in 1926.41 Circular 711 took a 

41 According to Siddons 11959, p. 861, Fletcher sent drafts of 
these Circulars to selected persons for criticism. Bushell 
[1944t p. 841 numbered Fletcher 'among the leaders of the 
revolt, and the guides in the new Mathematics. ' 
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progressive line concerning the role of intuition and experiment in 

geometry, and powerfully argued for a broader axiomatic basis in 

deductive--geometry for schools* In this, the Circular was ahead of 

the requirements of examining bodies, but it pointed the way forward, 

and Siddons [1959, p. 861 justifiably claimed that its effect was 

'very far-reaching and led up to the reforms that have since been 

made in the teaching of geometry. ' The Circular also sought to 

clarify the place and scope of graphs in the mathematics curriculum. 
42 

In the light of experience, Circular 711 was superseded by two, more 

detailed Circulars, 851 and 884, both issued in 1914, and covering 

geometry and graphs respectively. Circular 884 was further revised 

and reissued in 1925 [BE, 1914a, 1914b, 1925b]. 

These widely circulated publications were important instruments 

of change, which had a direct influence an secondary teachers, who 

were largely untrained, an textbook writers, and on examining bodies. 
43 

The BE also issued general Circulars on the secondary curriculum in 

1913 and 1922, the letter following the work of four special Committees 

from 1915, which considered and reported an the subjects of science, 

modern languages, classics and English [BE, 1913b; 1938, pp. 81-821. 

Mathematics was not investigated in this way, but had already been the 

subject of intensive international investigation, following the 

establishment of the International Commission on the Teaching of 

Mathematics (ICTM) in 1908. The BE co-opersted in this venture and 

devoted two of its Special Reports, issued by the Office of Special 

Inquiries and Reports, to The Teaching of Mathematics in the United 

King which included over n1ne hundred pages of individually 

prepared papers [BE, 1912ap 1912b]. The Office was also responsible 

42 Geometry and graphs, and the BE's Circulars, will be discussed 
in subsequent chapters. 

43 Scrutiny of the prefaces of geometry textbooks in the MA's 
Library confirms the importance of the influence an textbook 
writers. 
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for various Educational Pamphlets of the BE, and one of these 

comprised a translated Syllabus of Mathematics for the Austrian 

GVmnas I the issue of which was another contribution to the work of 

international comparison at this time [BE, 19101, However, the BE 

withdrew its financial support for the British contribution to the 

ICTM in 1914 [Greenhill, 1914, p. 2591. The Pamphlets and Special 

Reports were intended to be informative, and to stimulate debate and 

experimentation, whereas the Circulars were more authoritative in 

character. In relation to secondary schools, the BE's Consultative 

Committee reported in detail an examinations and practical work before 

the War, and an differentiation and general developments between the 

Wars [BE, 1911t 1913c, 1923a, 19381. 

Although the various Reports of the Consultative Committee had 

important administrative implications, the pronouncements an curricula. 

tended to be rather ýeqeral and somewhat visionary in character. The 

Reports provide much valuable date for the curriculum historian, but 

seem relatively unimportant as specific instruments of curriculum change, 

certainly in mathematics, 
44 

Secondary examinations not surprisingly 

occupied the Committee's attentions at an early stage, and this 

subject has very important implications for the development of 

curricula generally. 

Examinations and Secondary Education 

The complex and controversial subject of examinations has 

warranted a number of detailed investigations. The Consultative 

Committee's Report of 1911 ran to over six hundred pages, which is 

some measure of the importance and complexity of examinations, just 

with reference to secondary schools. The International Institute 

Examinations Enquiry in the 1930s was wider in scope, and the 

resulting published output included a bibliographical survey of 

44 See also the section on mathematics in The Education of the 
Adolescent [BE, 1926a, pp. 214-2201. 
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English examinations, 1900-1932, covering more than seventy periodicals, 

and well demonstrated the general level of concern for the subject in 

this period [Champneysg 19341. A more recent and comprehensive 

general survey of the development of English examinations as 

'administrative devices' has been provided by Montgomery [19651. The 

developmeht*of examinations affecting English secondary schools in the 

periods 1850-1900 and 1900-1945 has been considered by Roach [1971, 

19791.45 Petch [19531 has provided an inside view of the work of one 

examining body, the Northern Universities Joint Matriculation Board 

(NUJMB), and Breretan [19441, of the Cambridge Local Examinations 

Syndicate, a more polemical view of the educational role of examinations 

as a 'unifying influence' on the secondary curriculum. 
46 

A useful historical paper by Morris [19611 considers examinations 

as devices serving the diverse purposes of motivation, social 

engineering and administration, BB well as educational purposes. One 

examination may serve a variety of purposes, some purposes originally 

unintended, and even conflicting purposes. The difficulty of combining 

educational and administrative purposes is well illustrated by the 

examinations of the Education Department and the DSA, already discussed 

(see pp. 15-22927-33). Secondary scholarship examinations were both an 

administrative device and a tool of social engineering (see pp. 24-25). 

Furthermorep what should have been a uniform qualifying hurdle became 

a severe competitive test, with varying standards nationally. 

Examinations for entry to public service and the professions similarly 

served principally administrative and Social rather then educational 

purposes. The discussion which follows will be restricted to those 

developments which have important implications for secondary mathematical 

education from the late nineteenth century. 

45 See also Roach [19761 on examining and history teaching. 
46 See also Grereton [19G91 in a recent international survey, The 

World Year Book of Education 1969: Examinations. 
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The general English mania for examinations as a panacea for 

educational and social deficiencies and injustices developed rapidly 

from the mid-nineteenth century. However, the complex system of exam- 

inations which came to affect secondary schools developed along 

arbitrary and unco-ordinated lines. By 1900, secondary schools were 

being influenced in various ways by the different examinations of the 

universities, particularly Oxford, Cambridge, and London, the College 

of Preceptors, the DSA, and the Civil Service Commission, as well as 

those of a variety of professional bodies and specialist organizations 

[BE, 1911, pp. 316-3281. 

The competitivEi scholarship examinations of the ancient 

universities were a particularly important early influence an the 

advanced work undertaken in public and endowed schools, whose prestige 

became measured by scholarship successes. This system also had an 

important ef f ect an the whole work of the school, for as Macaulay and 

Greenstreet [1912, p. 2111 remarked in their paper on mathematical 

scholarships: 

by an almost irresistible tendency the lines laid down for 
secondary training have been adapted to the needs of the 
future University student rather then to the requirements 
of the average buy or girl. 

Also, some mathematics was included in the pass examinations 

for all degrees, termed Responsions or 'Smalls, at Oxford, and the 

Previous or 'Little-got at Cambridge. From around 1890 both these 

examinations could be taken by secondary school pupils before entering 

the university [BE, 1911, pp. 321-3221. The mathematical requirements 

for Responsions were surprisingly limited to arithmetic and either 

some Euclid or some algebra [Hawkins, 1912, p. 4391.47 

Like Responsions and the Previous, London Matriculationy from 

47 In 1901, one public schoolmaster referred to Oxford as 'a far 
worse offender' then Cambridge, as regards the character of its 
elementary mathematical papers [Hurst, 1901, p. 3711. 
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1838, was instituted as a general university qualifying examination, 

but it subsequently came to be used by more ambitious secondary schools 

as a prized certificate in itself, for pupils from the age of sixteen 

[Cane, 1959, pp. 57-581. Arithmetic, algebra to progressions, and the 

subject-matter of Euclid I-IV were the compulsory requirements in 

mathematics up to 1922.48 Over the first decade of this century 

London widened the scope of its examining, to cater specifically for 

schools' needs, and provided school certificates below, above and at 

matriculation standard, with inspection also undertaken [BE, 1911, 

pp. 15-161. However, the popularity and prestige of 'London Metric# 

persisted, and its effects were strongly attacked by Hawkins [1912, 

pp, 446-4481 in the Special Reports. He estimated that over thirty 

per cent of candidates took the examination just for the certificate; 

the failure rate was up to sixty per cent; special coaching of selected 

pupils was essential; and yet the mathematical syllabus was strictly 

limited in scope, with the demands greatly stretched 'by setting 

difficult and catchy questions of a puzzling and confusing type' 

Ep. 4481. Another teacher complained 'we are kept down and deadened 

by these terrible literary problems which have nothing to do with 

mathematics' and that Ithe. examiners still exact a terrible amount of 

technical ability. ' 
49 

Hawkins Ep. 4611 concluded: 

The went of sympathy which this University shows towards the 
teaching profession is a survival from the days when London 
University considered teaching as quite outside its sphere. 

Between the Wars, London continued to be inflexible in its 

matriculation requirements and at odds with other examining bodies 

[Montgomery, 1965, p. 131,135-1391. Furthermore, there is abundant 

evidence that London persistently showed greater resistance to pressure 

for change in its basic mathematical requirements than other bodies 

48 London Metrickation's syllabus changes in methematicst from 
1844 to 193G, have been summarized by Retter [1936, pp. 129, 
167,2071. 

49 E. H. Butt in Godfrey [1910a, p. 2421. 
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EMA, 1930a; BE, 19321.50 The ancient universities responded to the 

schools' general needs much earlier then London by providing Local 

Examinations from 1858. 

Roach E19711 has made a detailed study of the nineteenth- 

century development of the Locals, and, as he points out 'During 

approximately forty years they were the only system of secondary- 

school examinations with a national constituency' Ep. viii]. These 

examinations were intended for endowed, proprietary and private 

schools serving the middle classes i. e. predominantly second grade 

secondary schools, and were controlled by the Oxford Local Examinations 

Delegacy and the Cambridge Local Examinations Syndicate. They were 

provided to stimulate middle class education along 'liberal' rather 

than narrowly vocational lines, and to give parents some guarantee 

of general educational standards from an impartial and respected 

authority. The Locals were neither class nor school based, but were 

individual, competitive examinations taken at local centres. By 1900, 

the Locals were offered at four levelso Preliminary, Junior, Senior, 

and Higher, covering a wide age range from fourteen to nineteen, and 

open to girls as well as boys [BE, 1911p pp. 10-14,316-3171. From 

1877, the Senior Locals could be used to gain exemption from Responsions 

and the Previous via an approved choice of subjects. Beyond such 

rudiments as English and arithmetic, candidates for the Locals were 

offered considerable latitude in subject choice for a certificate. 

Thus, in the Oxford Locals up to 19110, religious knowledge, English 

and French were more popular then mathematics [Cane, 1959, pp. 55-561. 

Both the Delegacy and the Syndicate very gradually become more 

sympathetic to the schools' own needs. By 1905, school-based examining 

and inspection was offered, with school certificates and special 

certificates for the army, and these arrangements were variously linked 

50 The detail will be pursued in Chapter 4. 
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with the well-established Locals [Montgomery, 1965, pp, 48-511. Schools 

of the upper classesq i. e. first grade secondary schools, also 

established close and quite distinctive links with the ancient 

universities via examinations. 

The threat of State intervention in secondary education led to 

the establishment of the HMC in 1869, for schools having close ties 

with Oxford and Cambridge. This bond was strengthened by the establish- 

ment of the Oxford and Cambridge Schools Examination Board (the Joint 

Board) in 1873, specifically for the inspection and examination of 

public schools. As Roach [1971, p. 2361 has suggested, social strati- 

fication was a key factor, and 'a new layer had been inserted between 

the Universities and the Locals. 1 The examinations were opened to 

girls from 1879, though the strong link with boys' public schools 

persisted. By 1905, Lower, School, and Higher Certificates were 

offered, generally for the sixteen to eighteen age range [BE, 1911, 

pp. 14-15,3171. Unlike the Locals, all the examinations were school- 

based, less competitive in character, and served jointly the needs of 

individuals for certification, and of whole classes for more general 

educational purposes [Story, 1912, pp. 553-5541. The Higher Certificate 

was a grouped subject certificate, commonly used to gain exemption 

from Responsions and the Previous. This pertly explains the fact that 

between 1880 and 1900 elementary mathematics was the most popular 

subject choice, and, furthermore, its popularity increased over this 

51 
period [Cane, 1959, pp. 54-551 . In sharp contrast to the London 

Board, it is also clear that the Joint Board was notably sympathetic 

to progressive tendencies in mathematical education, particularly 
52 

after 1910 [Siddons, 1928; BE, 19321 . The general pattern of 

51 For-some mathematical-syllabus changes of the Joint Board, 1874- 
1936, see Retter 11936, pp. 128,163,2141. 

52 The links between the Joint Board, the MA and the HMC, and 
Godfrey's role in particular, will be explored in later 
chapters [King, 19811. 
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overall strategy [Webb, 1915b, pp. 12-131.55 As regards social status, 

the College's examinations catered principally for private and small 

proprietary schools i. e. schools of the third grade, and, in particular, 

many girls' schools [Cane, 1959, pp*58-591. Furthermore, the exam- 

inations were taken, on average, by the relatively young age range 

from twelve to sixteen [BE, 1911, p. 3171. Up to the turn of the century 

the College's examinations were numerically more important than the 

Locals, though inferior in status. Certificates were awarded in three 

classes, and a 'Lower Formal examination was provided from 1895. The 

competitive aspect featured prominently, with class lists in order of 

merit and special awards published regularly in the College's journal, 

the Educational Times [Montgomery, 1965, pp. 63-651. As a compulsory 

subjectv arithmetic featured conspicuously in these examinations. 
56 

However, from around 1895, the College's examining in secondary 

education entered a period of decline. The Preliminary Locals provided 

new competition for the College in the examining of younger pupils, 

but, more serious was the BE's general policy concerning examinations 

and the control of curricula. As well as discouraging through its 

Requlations the examining of younger pupils, the HE persistently 

refused to give the College official recognition as a secondary 

examining and inspecting body. 57 The College's relatively low social 

status and lack of university respectability appear to have been the 

major contributory factors here. BY 1910 it was the Locals and the 

various matriculation examinations which dominated the secondary field, 

though the College's examinations were 'sometimes preferred' [Fletcher, 

1911, p. 4511, being cheaper and regarded as slightly easier [Hawkins, 

55 The College's general educational work will be considered further 
in Chapter 3. 

56 Pendlebury's [1899, p. v1 arithmetic textbook catered specifically 
for the College's examinations, with specimen papers included, as 
well as for the Locals. 

57 Significantly, in the historical introduction to the Consultative 
Committee's Report, the College's examining warranted just one 
brief paragraph [BE, 1911, pp. 9-101. 
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1912, pp. 439-441; Story, 1912, pp. 553-5541. The general pattern of 

secondary examining was further complicated by the existence of a 

large number of preliminary examinations for specific vocations, 

particularly those conducted by the Civil Service Commission and the 

various professional bodies [BE, 1911, pp, 7-9,19-251* The multiplicity 

of examinations and their effects on curricula was a major concern of 

the BE in its early years. 

The pattern of developments in England was such that, by the 

1890s,, the idea of a centralized secondary examination system, closely 

linked with inspection, could not be seriously entertained. A system 

such as that in Scotland, where the Education Department was responsible 

for inspecting and examining for secondary certificates, and in Prussia, 

where secondary curricula were powerfully influenced by the centralized 

Arbiturienten Exament might have been desirable, but was now not pos- 

siblev given the strength of the universities' hold an the examinations 

for'secondary schools [Story, 1912, pp. 556-5571. All that could now 

reasonably be achieved was some standardized general system of cert- 

ification which would remain 'basically in private hands' and be 

'unique among European countries' [Roach, 1971t p, 2561. The early 

twentieth-century developments which eventually culminated in the 

settlement of 1918 have been considered in some detail by Roach [19793. 

The question of examinations was first referred to the BE's 

Consultative Committee in 1902., and in the following year a Conference 

was held involving the Committee and the Universities of Oxford, 

Cambridge$ London, Durham, Victoria and Birmingham [Patch, 1953, pp. 54- 

551. The Committee had proposed, and subsequently widely publicized, 

a system of 'Leaving Certificates. 158 Victoria University was generally 
I 

sympathetic, and the new NUJMB submitted its own scheme for leaving 

examinations. Howeverl the two ancient universities, acting in 

58 The proposals were published in the Mathematical Gazette In 
particular [BE, 1904b]. 
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conjunction, raised fundamental objections, particularly to what 

appeared to be an attempt to adapt the Prussian model to English 

conditions [BE, 1903, pp. GO-621. Given the various administrative and 

financial difficulties, the proposals were subsequently shelved by the 

BE, and the general issues were not again referred to the Committee 

until 1909. However, from 1907 the BE's [1907a, p. 31 Regulations did 

generally prohibit the examination of pupils in grant-aided schools 

below the age of fifteen. 

The Consultative Committee reported on an impressive scale after 

two years of intensive investigation [BE, 19111. The main areas Of 

concern administratively were the multiplicity of examinations and the 

various bodieBI independence; the complexity and incompleteness of the 

system of 'equivalents' between examinations; competitive excesses 

reinforced by advertisement; the BE's inadequate role; and the 

separation of inspection and examination. Regarding examinations in 

relation to curricula, concern focused on the restriction of content, 

methods and experimentation; the disintegration of classes; the teachers' 

inadequate role; the absence of uniform standards; and the generally 

narrowing influence. The analysis of inadequacies was detailed and 

powerful, but changing the system in practice was more problematic, and 

some of the Committee's proposals appear to have ignored the deeply 

entrenched nature of the existing system. On the desired links with 

inspection, Brereton [1944, pp. 85-861 subsequently remarked that the 

Committee 'failed to lay bare the realities of the situation' and that 

unity 'is no more a reality to-day than it was in 1911.1 

The Committee clearly regarded a uniform examination system as 

an instrument for reinforcing the concept of a liberal secondary 

education, previously embodied in the 1904 RegulationE, which was the 

subsequent objective of the grouped subject system from 1918 
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[BE, 1911, P-Xiil- 
59 Howeverv the BE proceeded cautiously. There 

were still major financial difficulties Ep. iii], and the Committee's 

proposal for an Examinations Council with executive powers was 

rejected as unrealistic [Petch, 1953, p. 661. Following consultations 

with the universities, teachers' associations, and LEAs, the first 

Circular [BE, 1914c] an the proposed new scheme was issued in 1914, 

though partly as a consequence of the War the system did not become 

operable until four years later. 

The full details of the scheme were spelt out in a series Of 

Circulars up to 1918. Two examinations were to be provided, one to 

test a general secondary education around the age of sixteen, and 

termed the First Examination, and the other, the Second Examination, 

to test two further years of more specialist studies. The First 

Examination corresponded closely with the existing School Certificate.,, 

examinations of the various university - bodies. GO Candidates were 

to be assessed in three compulsory groups of subjects, one of which 

was science and mathematics, and the whole form rather then the 

pupil was to be the unit for the examination. Two levels of pass 

were specifiedo with a simple pass intended to be slightly below 

matriculation standard. A Pass with credit was to correspond to 

matriculation standard, for the benefit of the universities and 

various professional bodies. Unfortunately the letter came to be 

used as an end in itself for its higher esteem, and the two purposes 

of certification for a general secondary education and qualification 

for the universities and various profess ions- conf 1 Icted between the 

Wars, with predictable effects on secondary curricula. The First 

Examination followed the lines of the much older Senior Locals, and 

59 As Breretan [1944, p. 871 has pointed out, between the Wars the 
grouped system was inconsistent with the BE's subsequent 
principle that examinations should follow and not control 
curriculum. 

60 The First and Second Examinations were commonly referred to as the 
School and Higher School Certificates respectively. 
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was thus far from new in conception. Science and mathematics was one 

of the optional specialist groups for the Second Examinations For 

grant-aided secondary schools, the BE's subsequent policy was to limit 

examining of a general secondary education to the First Examination, 

conducted annually. This had a serious effect on the range of 

influence of the universities' Preliminary and Junior Examinations and 

of the examinations of the College of Preceptors particularly.. The BE'S 

role was that of a cc-ordinating authority, assisted by a Secondary 

School Examinations Council (SSEC), representing the interests of the 

universities, the LEAS and the teachers. Provision was also made in 

the scheme for the use of schools' own special syllabuses and teachers, 

estimates ; of attainment. The seven approved bodies in 1918 were the 

Cambridge Syndicate, the Oxford Delegacy, the Joint Board, the NUJMG, 

and the Boards of London, Durham and Bristol. The Central Welsh 

Board was also approved two years later [BE, 1915b, 19171. As Roach 

E19790 p. 521 has remarked, it was the settlement of 1918 which was 

'to dominate the secondary schools during the inter-war period. ' 

The main function of the SSEC was to maintain parity of standard 

between the approved bodies' examinations. However, it was only an 

advisory body for the BE, and could make suggestions to the examining 

bodies, but had no power to implement change. The SSEC provided a 

forum for discussion, reported regularly, and occasionally conducted 

more detailed 'investigations' of the examining bodies' operations. 

'Investigations' were undertaken in 1918,1924 and 1931, the results 

being communicated to the examining bodies confidentially, with the 

first separate publication in 1932 [BE, 1932, p. 51. Grereton [1944, 

p. 961 has suggested that 'its faith in the outworn practice of 

publishing official reports and hoping that reforms will follow has 

not been justified. ' As Petch [1953, pp. 76-791 has emphasized there 

were also methodological problems involved in comparing the standards 
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of different types of paper set on different syllabuses, this degree 

of uniformity not being a feature of the scheme. The SSEC's weakness 

as an instrument of change is well illustrated by the character of its 

reporting on mathematics in 1932. 

By 1930, mathematics was taken by 'almost all' the boys and 'a 

large proportiort of the girls, with around ninety-five per cent of 

candidates taking mathematics, which was usually compulsory for 

matriculation. Although syllabuses now varied 'but slightly, ' London 

was out of step with the other seven bodies [BE, 1932, p. 1143. As 

well as insisting an a pass in mathematics or arithmetic, London 

omitted similarity (Euclid VI) and trigonometry, and was criticized 

for its narrow attitude, though not named. By contrast, two bodies, 

again unnamed, were commended for the distinctive character of their 

papers. The NUJMB divided their papers into two sections of short 

and straightforward, and longer and more difficult questions. 
61 The 

Joint Board set mixed papers, whereas the other boards set separate 

papers on the branches of mathematiCBEPP. 116-1171.62 Thus the detail 

concerning syllabuses and papers remained outside the control of the 

BE and its SSEC, and largely in the hands of the universities. 

However, provision was made for special syllabuses. 

The principle of teachers' involvement in examinations has a 

long history. The College of Preceptors' ideal of participation by 

teachers in examining was abandoned at an early stage, given the need 

in the mid-nineteenth century for some objective measure of standards, 

as embodied by the Locals [Montgomery, 1965, pp. 63-641. However, this 

theme re-emerged later in the nineteenth century as part of the ancient 

universities' arrangements forschool-based examining Epp. 50-511. The 

newer universities gradually followed this lead in the early twentieth 

61 This innovation of the NUJMB was brought in soon after the War, 
following pressure from several headmasters EMA, 1930a, p. 1511. 

62 The Joint Board set mixed papers from 1921 [King, 19811. 



i 

55 

century, catering in principle for the use of special syllabuses, an 

payment of an additional fee, and involving teachers as examiners for 

school certificates [Petch, 1953p p, 561. Following the Consultative 

Committee's Rýport,. the BE officially encouraged teacher participation 

in the forms of consultation and representation, provision for special 

syllabuses, and the use of teachers' estimates of attainment [BE, 1914c]. 

This was with the First Examination only in mind, and the universities 

continued to act in a detached and wholly external manner as regards 

more advanced and scholarship examinations. Teachers' attitudes to 

participation have been usefully discussed in a paper by Gillham 

[19771. Teachers generally appear to have been 'reluctant beneficiaries, ' 

both, as regards the use of schools' own assessments and special 

syllabuses. 
63 As regards the little use made of special syllabuses, 

the general pattern was confiDmed by Brereton [1944, p. 1041. Various 

causal factors have been discussed by Gillham such as acceptance of 

the status quo and the external authority of the universities; teachers, 

inexperience in syllabus construction; and lack of knowledge of this 

provision. On the universities' side, Gillham draws attention to 

poor advertising, the administrative and financial hurdles, and their 

general lack of enthusiasm for this made of examining. In spite of 

teachers' general conservatism, and the persistence of Victorian 

attitudes to the function of examinations, there is some evidence of 

individual initiatives in mathematics. 

At a meeting of the College of Preceptors in 1902, J. J. Findlay 

[1902, p. 1851 referred to the special syllabus provision of the Joint 

Board and the Central Welsh Board. At least one school had used this 

provision to get Euclid abolished entirely, before examining bodies 

63 Various pressure groups, particularly the MA, and their 
relationship with examining bodies will be considered in 
Chapters 3 and 4. 
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had generally moved in this direction. Some twenty years later this 

provision was used by a group of nine schools to permit the use of 

logarithms, these being still generally prohibited by the London 

Board, which subsequently changed its regulations EMA, 1930a, pp. 147- 

1481. The NUJMB introduced some calculus into additional mathematics 

for the First Examination in 1928, following the action of nine schools 

which had utilized a common special syllabus two years earlier EMA, 

1932a, p. 1001. In connection with the intrdduction of logarithms, and 

the early treatment of trigonometry and calculus, HMI Carson E1929, 

pp. 26-271 emphasized that these developmehts were not forced on the 

schools by examining bodies, but rather 'the act of the schools 

themselves' prompted examining bodies, with varying degrees of 

sympathy, to alter their requirements to accommodate persistent class- 

room tendencies. Godfrey [1912a, p. 1701 too, whilst remarking that 

'English education is dominated by examinations, ' significantly added 

that 'The most serious opposition to a general movement ... will come 

from teachers; examiners generally cede to a fairly universal demand' 

Ep. 1731. Certainly, at the turn of the century, HMI Brill's [1901, 

p. 2781 remark that 'the teaching of no other subject has been more 

effectively cramped by [examinations] than that of mathematics' 

reflected a rapidly growing feeling, and the early dramatic changes 

in geometry, which were soon to follow, will be discussed in the next 

chapter. However, even given the examining bodies' generally 

conservative attitudes, their reluctance to eliminate ageing content, 

and the tendency to 'the elaboration of detail, ' bringing with it 

'undesirable accretions' [Fletcher, 1912, pp. 92-931, it is important 

not to exaggerate the extent to which examinations prevented curriculum 

changet and were out of step with the majority of teachers' preferred 

64 Findley was very probably referring to the Cardiff Intermediate 
School,, where he was the headmaster and introduced a new approach to geometry throughout the school [Woodall, 19021. For Findley 
see the Appendix, 
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piactices. The major difficulties sprang rather from the infrequency 

and discontinuity of change in examination requirements, and the 

unique independence of English examining bodies, even after 1918, 

which contrasts sharply with the Scottish pattern [Gibson, 19121. One 

non-university examining body, the Civil Service Commission, hitherto 

only briefly mentioned, was distinctive in its operations, and its work 

had important implications for the reform of mathematical education, 

particularly in public schools. 

The Civil Service Commission'was established in 1855, and, by 

1870, virtually all Civil Service appointments were made via open 

competitive examinations. In the same year the Commissioners also 

took over the examinations for entrance to the military academies of 

Sandhurst and Woolwich. Candidates for the various appointments 

covered a wide range from fifteen upwards, with considerable variation 

in the calibre expected. These examinations served principally 

administrative purposes, and the need for special preparation had a 

distorting effect on secondary schools' organization and curricula. 

To compete with the special Civil Service and army 'crammers, l and 

prevent the early leaving of pupils, public and proprietary schools 

set up special classes. Certain schools, such as Rugby, Eton, 

Cheltenham and Wellington, became specifically known for the special 

provision they made for army candidates. More generally, the 

Commission's examinations were one factor in the development of 

separate classical and modern 'sides; ' thereby reducing the traditional 

classical dominance of public schools' curricula [Montgomery, 1965, 

pp. 29-311. With growing pressure from headmasters, the Civil Service 

Commission altered its scheme of examinations during the 1890B, to 

reduce the harmful effects on the schools [BE, 1911, pp. 7-91. These 

examinations were conducted an a large scale over the first decade of 

this century, though the numbers of secondary school pupils involved 
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is not clear Epp. 31B-3193. Palmer [1912, p. 2561, in the Special 

Reports, strongly criticized most examinations in arithmetic, though 

commended the Commission for its reforms, which 'not only allow but 

encourage the teaching of Arithmetic on satisfactory lines. ' Bushell 

[1947, p. 841 too later acknowledged that 'a debt is owing to the 

mathematical examiners of the Civil Service Commissioners. 165 The 

Commission's army examinations directly affected only a small number 

of older pupils, but Godfrey [1912b, p. 4311 judged that ! The Army 

requirements during the last 10years have no doubt had a powerful 

reaction an the character of the teaching throughout English public 

schools. ' During the early stages of the Perry movement, one school- 

master remarked: 

Whatever faults they [the army examinations] have had in the 
past, I know of no papers which have gone farther towards 
encouraging -I might almost say enforcing - some of Professor 
Perry's proposed reforms. 66 

The army requirements and those for the second division of the 

Civil Service encouraged a more prectic 

curriculum, including mechanics and the 

pp. 338-339; Jackson, 1912, p. 3671. The 

arrangements for the education of naval 

and have implications for innovation in 

In 1903, the Royal Naval Colleges 

31 and broader mathematics 

calculus [Eggar, 1912, 

early twentieth-century 

cadets were also distinctive 

mathematical education. 

at Osborne and Dartmouth began 

to accept naval cadets at the early age of twelve to thirteen years 

[BE, 1911, pp. 23-241. These two institutions enjoyed two advantages 

over public and other secondary schools as regards the opportunities 

for curriculum development. Firstly, all the boys were being prepared 

for a common vocationj with fairly well-defined educational 

65 D. G. Mair, a Cambridge mathematician and educationalist, joined 
the Commission in 1896, and was a leading figure in the reform 
of its examinations [Times, 23rd May 1942, p. 73. For Mair see 
the Appendix. 

66 E. M. Langley in Perry [1901a, p. 441. The Commission's mathe- 
matical influence will be considered further in Chapters 5 
and 7. 
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prerequisites. Secondly, the cadets were not subjected to any external 

examinations, but to a common internal examination at sixteen to seven- 

teen years of age, and one devised to follow a curriculum designed 

from scratch on the basis of educational and vocational considerations. 

Thus, in mathematics, trigonometry, mechanics and calculus were all 

included and treated on pioneering lines [Ashford, 19121. The Colleges 

were essentially operating as laboratories for curricular experiment- 

ation, without external constraints. The detail was described by 

Mercer [19121 of Dartmouth in the Special Reports. The naval mathe- 

matics curriculum was certainly atypical in the early twentieth century, 

but it pointed the way forward in a number of respects. Godfrey became 

Headmaster at Osborne in 1905, following Ashford E19061, who became 

Headmaster at Dartmouth, and was a pioneer in mechanics teaching 

[Howson, 1973a, p. 1671. Mercer [1906,19101 produced innovatory text- 

books an elementary trigonometry and calculus, based an the work of 

both Colleges. 
67 Most teachers were, of course, less gifted and work- 

ing in far from ideal circumstances. The production and quality of 

the teaching force generally has still to be considered. 

The teaching force itself is 8 fundamental factor determining the 

state of the curriculum at a given time, and also determining the char- 

acter of change over time, particularly where the concern is for the 

realities of life in typical classrooms. It is through the ordinary 

teacher's interpretations of the intentions of the producers of class- 

room materials, particularly textbooks, and the framers of examination 

syllabuses and papers, as well as the providers of advice of various 

kinds, that ideals and their general realization. 
_,, 

are mediated. The 

forms of preliminary general education and specific vocational training 

are two important elements governing teachers' interpretations. There 

67 The detail will be explored in Chapter 7. The naval scheme is 
reproduced in Griffiths and Howson [1974, pp. 159-1781. For 
Mercer see the Appendix. 
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have been a considerable number of general historical studies of 

various aspects of teacher education and professionalization. The 

subject has warranted a bibliographical survey by Tempest [19601, one 

on the institutions themselves by Berry [19731, and a large number of 

theses and dissertations have appeared [History of Education Society, 

1979b, pp, 100-1091.68 A grant-aided investigation of general develop- 

ments in England and Wales was conducted in the 1920s, resulting in a 

large-scale report by Jones [19241. Not surprisingly, the GE's public- 

ationB included detailed surveys of various aspects of teacher education, 

and, specifically, the pupil-teacher system [1907b], elementary teacher 

training [1914dp 1925c], and the training of secondary women teachers 

C1912d]. 

Turning specifically to the preparation of mathematics teachers, 

it appears that in the early twentieth century the general level of 

concern for the various issues involved was much greater in America and 

an the Continent, particularly in Germany, then in England. Some American 

comparative work in this field, which was one focus chosen by the ICTM, 

was mentioned in Chapter 1 (see p. 6). Out of nearly one hundred items an 

this subject listed in Smith and Goldziher's [1912, pp. 81-851 Bibliography 

only three concern specifically English conditions. 
69 Notable individual 

exceptions to the general English pattern before the War were Professor 

G. H. Bryan [1907a, 1908a, 1912a], 70 
and two leading innovators in 

teacher education generally, Nunn [1912a, 19191, at the London Day 

Training Colleget and Findlay[19131, at Manchester University. 

The discussion which follows will be restricted to a brief out- 

line of general administrative developments, but also including 

material which sheds some light on the reform of mathematical education. 

68 A number of sources are listed in Jenkins' [1980, pp. 48-49,82-831 
survey. The useful doctoral theses on general developments by 
Rich [19331 and Trapp [19571 have been published. 

69 Two of these items were, in fact, articles in foreign journals. 
70 For Bryan see the Appendix. 
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The preparation of elementary and secondary teachers involved funda- 

mentally different nineteenth-century traditions, and will therefore 

be considered separately. 

Elementary School_Teachers 

From the mid-nineteenth century, the Education Department 

exercised a tight control over the system of entry to and training in the 

colleges, through B system of inspection and examination, with pay- 

ments for results, and uniform syllabuses published annually in the 

Elementary Code. To stimulate the supply of candidates for the colleges, 

and, at the same time, to contribute to the supply of assistant teachers 

in the schools, a pupil-teacher system had been in operation since 

1846. Here too the Department conducted annual examinations for 

entrance to and during a pupil-teacherBhip, linked with inspection and 

payments. After 1870, School Boards began to undertake central 

instruction of pupil-teacherB in special pupil-teacher centreB, which 

spread rapidly throughout the country after 1875 and into the 1890s 

[Rich, 1933; BE, 1907b, pp. 8-91. Up to 1890, the normal pattern of 

training was residential in a denominational training college for two 

years, but thereafter the universities became involved. 

During the 1890s an alternative pattern of training developed in 

newly established day training colleges, linked to university institu- 

tions. An important new principle was established - that of internal 

examining of students in academic subjects - and it become possible 

to train and study concurrently For a degree over three years. The 

involvement of the universities had a beneficial effect upon the 

quality of training in the older colleges. * There was a Further 

broadening of interest and involvement in elementary training after 

1902, when the new LEAs also entered the Field and established new 

colleges [BE, 1914d, pp. 4,28-321. Towards the end of the century, 

the pupil-teacher system became the subject of mounting concern. 
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A Departmental Committee considered the pupil-teacher system in 

detail over the period 1896-1898. Whilst not seeking to abolish the 

system, the Committee made various recommendations for its improve- 

ment, which were subsequently implemented. By 1902, the period of 

pupil-teachership was limited to three years, from a minimum age of 

fifteen, and annual examinations linked with payment for results were 

abolished. However, the BE still conducted examinations for accept- 

ance as a pupil-teacher, and for entrý to the colleges, though suit- 

able university examinations were also accepted [BE, 1907b, pp. 10-131. 

The BE's examinations for entry to a college reflected the normal 

conception of a general education, which would subsequently be 

extended in the colleges, and assessed in the BE's certificate 

examinations. 

In 1901, the mathematical requirements for college entrance, 

through the King's Scholarship Examination, were limited in scope, 

and exemplify differentiation. The 'principles and practice' of 

arithmetic 'including the measurement of rectangular areas and 

solids' was compulsory [BE, 1901b, p. 4951. For men only, Euclid I 

and II Was prescribed, and algebra up to quadratics 'together with 

simple questions on ratio, proportion, variation and arithmetical 

progression' Ep. 4951. The subject-matter being conventional? no 

further detail was necessary. Most of the successful candidates 

were being prepared for this examination in the pupil-teacher centres, 

which provided a form of secondary education, though cramming for 

college entrance W8B the major objective. The centres had developed 

before a coherent system of secondary education existed, but it become 

the BE's general policy to merge the preliminary education of intend- 

ing teachers within the developing system of maintained secondary 

schools, and to eliminate the system of special preparation for the 

teaching profession [BE, 1907b, pp. 18-191. The various changes were 



13. -ARITHMETIC 
Excluding Otba Root, Scales of Notation, Foreign Exchanges, 

True Discount, Troy Weight, and Apothecaries F 
C, Any question on Stocks will be of a simple character, and ivill 

not involve a knowledge of "Brokerage. " 
Candidates must understand the principles of the Metric System. 

14. -ALGEBRA (for Men only) 
As far as, and incInding, quadratic equations of one unknown C? quantity and simploonialtancous equations of two unknown 

quantities, Nvith easy problems leading tip to these equations. 
When questions are sot on graphs, squared paper Nvill be 

provided. 
15. -GEOMET-IRY (for 

-L\Ien only): - 
Candidates may be examined either (A) in Euclid or (B) on tho 

Syllabus set forth below; they cjmnotý however, be examined 
both on this Syllabus and in Euclid. 

A. ---ýr', UCLID : Booki 1. and IL, with simple geometrical exercises, 
W. B. -Euclid's definitions will be required, and no axionis or ppýtulates 

except Fuclid'. % may be amumed. The a6tual proofs of propositions . 13 
given in Enclid will not be required, but no proof of any proposition 
occurring in Euclid will bt, utfinitted in which ube is madu of anY 
proposition which in Euclid'H order occurs subsequently. 

or 
B. -(SY(. LABUS FOR CANDIDATES WHO DO NOT TAKE EUCLID). 

Every Candidate takin- this Syllabus must-be provided with a 
ruler irraduated in inoches and tenths of an inch, and in centi- 
metie4s' awl Millinietros, .1 sinall set square, a prOtluct0r, 
comp-tsses furnished with a bard pencil point, and a hard 
pencil. 

Fir, Urei should be drawn accurately with a bard pencil. - 
Questions may be set in which the use of the set square or of 

the protractor is forbidden. 
- Any proof of a Proposition will be accepted which appears to 

the Examiners to form part of a logicat order of treatment of 
the subject. In the proof of theorems and deductions from 
them, the use of hypothetical constructions is permitted. 

PRACTICAL GEOMETRY: - 
The following constructions and easy extensions of them 

Bisection of angles and of straight lines. 
Constructibn of perpendiculars to straig , ht line. i. Simple cases of the construction from sufficient data of 

trian-les wid quadrilaterals. 
Construction of liarallels to a given stnaight line. 
Construction of angles equal to a given angle., Division of straight lines into a given number of equal 

PlUts. 
Construction of a triangle equal in area to a given polygon. 
Construction of tangents to a circle. 
Construction of comomon tangents to two circles. 
Construction of circumscribeS, inscribed, and cacribed circles 

of a trian-le. 0 Candidates will be expected to be acquainted with the forms of 
the cube, the rectangular block, the sphere, the cylinder, and 
the cone. 0 

THEORETICAL GEOMETRY: - 
The substance of the theorems contained in Euclid, Book I., 

Propositions 4-6,8,13-16,18,19,26-30,32-41,43,47,48, 
and Book M., Propositions 3,14-16,18-22,31. Question' 
upon these theorems, easy deductions from them, and'arith- 

__YneticaljIlustrations 
will be_included. 

Illustration 6 Syllabus for the King's Scholarship 
Examination [BE, 1904c, pp. 23-241 
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spelt out in the Regulations for the Instruction and Training of 

Pupil-Teachers, which was first published separately from the 

Elementary Code in 1903. 

The 1903 Regulations raised the minimum age for a pupil-teacher 

to sixteen, and encouraged LEAs to cater for pupil-teachers in 

secondary schools, to convert centres to ordinary secondary schools, 

and to provide secondary scholarships for intending teachers [BE, 1907b, 

pp. 16-181. The BE's mathematical requirements for the King's 

Scholarship Examination in the 1904 Regulations followed the general 

pattern of examination reform in this subject. 
71 The arithmetic 

requirements were simplified, graphical work was brought into algebra, 

and a new syllabus for geometry;. both theoretical and practical, was 

provided as an alternative to Euclid,, and followed closely the warding 

adopted for the Cambridge Previous, though not the same scope EMA, 1905a, 

p. 141. A little mathematics, beyond arithmetic, was now offered as an 

alternative for women. (See Illustration 6. ) Through its examinations, 

the BE sought further to improve the preliminary mathematical education 

of teachers with a new scheme from 1906 for the renamed Preliminary 

Examination for the Elementary School Teachers' Certificate. 

For the Preliminary Examinationy in two parts, a further mo_di-. 

fied syllabus in arithmetic was compulsory in Part I, with elementary 

mathematics offered as an option for both men and women in Part II, 

which generally had been 'deliberately remodelled with a view to 

giving an advantage to those who have been educated and not crammed' 

EBEj 1907b, p. 211. There was much concern at this time for candidates' 

lack of understanding, particularly in arithmetic Epp. 20-211, where the 

syllabus was also considerably'simplified. (See Illustration 7. ) The 

mathematics in Part II followed the lines of the 1904 Regulations', with 

Euclid III added in the traditional geometry option EBE, 1906d, pp. 33-341. 

71 General examination reforms will be considered in Chapter 3. 



Defective spelling or h4rulwriling will be taken into account in estimating 
the value of a Candidate's work. 

TXe ime of nders will not be allowed except for. Afathenzatýcal qiwtiýous 
where actual measureinents are necesiainj. 

PART L 
L-Reading: - 

To read- *ith clear enunciation, ease, and intelligence, from a work 
of a standard prose author and a work of a standard poet. 

H. -Repetition: - 
To re eat 100 lines of Sbakýsj)eare or some offier standard English 

au&or with clearnem and force, and knowledge of the nieaniq- 
In place of 50 lines of English, candidates front Welsh districts 

way substitute 50 lines froin a standard Welsh author. 
The exerebie-i in Reading and Repetition -will be performed 

at the Examination Centre and not during the visits of 
Inspectors to Public Elementary Schools. 

To set copies in large and small hand. 

IV. -COMPOAtion. 

V. -Arithmetie: - 
The Theory and Practice of Arithmetic. 
The following will be excluded : - 

Troy and Apothecaries'Measures. 
Tbe rules for finding Square and Cube roots. N. B. -Candidated ma be asked to determine the square (or 

rg cube) roots of num)ers that can readily be expressed as the 
pyoduct of the squares (or cubes) of small factors. 

Practice. 
Ratio. 
-1-Iropottion except by the unitary or fractional method. 
Stocks and Shares. 
True Discount. 
Scales of Notation. 
Foreign Exchanges. 
Recurring Decimals and Complicated Fractions. 

The metric system will only be applied to measuring lengtb, area, 
and volume. Questions may be set on the mensuration of rectangular surfaces 
andsolids. 

The use of algebraic symbols will be permitted. 
As a rule, (a) the uestions will not involve long operations or 

complicated nuinTeIrs (b) the answers to money" sums will not be required be ond the nearest penny. 
The papers Nvill 

te 
sufficiently long to allow the candidates some 

latitude in the questions selected, but no limit will be placed, 
on the number of questions which may be attempted. 

Illustration 7 Syllabus for Part I of the Preliminary 
Examination for the Elementary School Teachers' 

Certificate [BE, 1906d, p. 291 



64 

The general pupil-teacher system was the subject of a detailed Report 

in 1907. 

The Report strongly opposed the separate existence of centres as 

crammers for college entrance, to which secondary pupils were often 

being transferred [BE, 1907b, p. 191. There were particular problems 

in mathematics: 

Sometimes ;.. scholars, who at the Secondary School have been 
taught Geometry in accordance with the new method, are set when 
they enter the Centre to study Euclid. Often, again, a scholar 
who has made considerable progress in some subject such as 
French or Algebra is put back to begin with the rudiments. Ep. 191 

The Report advocated the early transfer of intending teachers from 

elementary to secondary schools, to allow time for a broader prelimin- 

ary education. It was generally found at this time that ex-elementery 

pupils 'have not touched Mathematics outside Arithmetic; some of the 

boys have begun a very little Algebra, the girls scarcely-ever, and 

neither boys nor girls have begun Geometry' Ep. 211. Also, the general 

value of pupil-teachership as a form of apprenticeship was now being 

seriously questioned, and an alternative system of burserships, 

introduced in 1907, was advocated [p. 261. Given also the rapid 

expansion of the secondary system, the demise of pupil-teachership was 

now inevitable. Except in some rural areas the system was largely 

eliminated by the First World War [Jones, '1924, p. 281. However, for 

some years the BE's Preliminary Examination continued to be an import- 

ant one for secondary schools. 

The Report of 1911 found that many intending teachers took an' 

alternative university examination, but the number taking the 

Preliminary Examination was still 'considerable' and 'the examination 

must be recogniPed therefore as one which has a considerable effect 

upon Secondary SchDOlB1 [BE, 1911, p. 251. The numbers were declining, 

though Fletcher [1912, P-901 still felt it necessary to criticize the 

syllabus for its omission of Euclid VI. This was rectified in the 



65 

following year, when a complete break was made with Euclid's system of 

theorems, and the BE instead adopted in full the Schedule of the 

C. 6mbridge Previous for theoretical geometry, as part of the elementary 

mathematics option [BE, 1913d, pp. 9-11; MA, 1905a, pp. 14-161. 

By 1920, over eighty per cent of intending teachers were passing 

through a full secondary course, and the First Examination could now be 

used for college entrance [BE, 1925c, p. 111. A Departmental Committee 

reported on elementary training in 1925, and advocated a complete break 

with the system of apprenticeship, some residues of which still remained. 

The Committee also recommended 'That the Preliminary Examination ... 

should not be approved as a qualifying examination for pupils in 

Secondary Schools' Epp. 158-1591. This Examination was phased out over 

the next three years, bringing to an end the BE's direct influence on 

the preliminary education of elementary teachers [BE, 1926b, p. 1391. 

The BE also withdrew OB an examining body for the academic work in the 

colleges, though the process spanned some twenty-five yearse 

The BE inherited the Education Department's tight control over 

two-year training college courses, through a system of academic and 

professional examinations, closely linked with inspection and the 

payment of grants. In mathematics, there were separate requirements 

for men and women, along conventional lines in arithmetic, algebra and 

Euclid, with some mathematics beyond arithmetic as an alternative to 

further arithmetic or domestic economy for women [BE, 1901b, pp. 452-4741. 

Since 1870, the colleges had also utilized the DSA's examinations, to 

earn additional grants, and the BE still offered various science 

subjects as further options. In 1900, practical geometry was second 

in popularity to physiography, with over seventeen hundred papers workedi 

whilst only twenty-three papers were worked in pure mathematics 
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[Jenkins, 1979, pp. 216-2171.72 As a member of a Departmental Committee, 

Perry had actually proposed his new scheme of practical mathematics for 

the basic training college course, but it was far too radical an alter- 

native for adoption outside the technical field. However, Perry's 

tactics are interesting, and he made them clear in his address to the 

British Association for the Advancement of Science (GAAS) in 1901: 

'courses of instruction adopted in training colleges are very 
likely to be adopted in primary schools, in continuation schools, 
and in many secondary schools. I have been allowed by the 
Science and Art Department to introduce this method of mathe- 
matical teaching... 0 It is obvious, therefore, that what I am 
doing may have far-reaching consequences.... [Perry, 1901a, p. 11 

Predictably, the changes in the BE's mathematical requirements 

for the colleges followed the general trend set by the university 

examining bodies. In 1904, the BE first published Regulations for the 

Training of Teachers and for the Examination of Students in Trainin g 

Collegesl separate from the Elementary Code. A generally more 

liberal curricular Policy was implemented, the changes in 

elementary mathematics following the same lines as those in the King's 

Scholarship Examination (see p. 63), with a slightly wider algebra 

syllabus, including the use of logarithmic tables, and the subject- 

matter in geometry extended to Euclid VI [BE, 1904dp pp. 29-311. There 

were lower expectations for women, who could still avoid mathematics 

beyond arithmetic. This differentiation had some important 

implications for the reform of mathematics teaching in the elementary 

schools. As a Report of the LCC [1911, pp. 110-1111 noted, only those 

women who had opted to study mathematics would be fit to implement 

a broader and more progressive course, and such women were still 

'comparatively few in number. ' It should also be added that, although 

the quality of both college entrants and the lecturers gradually 

72 Jenkins may have misinterpreted the statistics. The science 
and mathematics subjects he lists were additional-optionB, the 
basic curriculum being governed by other requirements, which 
he does not discuss. 
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improved [BE, 1925c, p. 821, it took some time for the changes in 

mathematics to be generally adopted. Bryan 11908a, p. 2261 referred 

to the persistence of the teaching of Euclid, which still remained in 

the syllabus as an alternative to the 'new geometry. ' However, Euclid 

as an alternative was eliminated in the Regulations of 1913, which 

also brought in a number of major modifications [BE, 1913e, pp. xiii, 

65-671. 

By the First World War, given the improved preliminary education 

of intending teachers, it had become possible to introduce greater 

freedom into the Regulations Concerning academic subjects [BE, 1925c, 

p. 901. Differentiation was ended, and mathematics was no longer a 

compulsory subjectp but was optional at two levels. These changes 

followed the recommendations of the Training College Association, 

which had also proposed specimen syllabuses in mathematics, including 

a very ambitious one by Nunn [1912a, pp. 295-297,303-3a7l. Nunn 

included both trigonometry and some calculus in his syllabus for the 

pass level, and, like Perry ten years earlier, sought to implement 

change through the BE's examinations. Again his scheme W8B far too 

radical for general adoption, though a little trigonometry was intro- 

duced into the otherwise only slightly modified mathematics syllabusese 
73 

By around 1920, for the two-year courses, there had developed 

a varied pattern of involvement of the universities, the colleges and 

the BE in examining the academic and professional elements, though 

the BE in the early 1920s continued to play a dominant role [Jones, 

1924, p. 99; BE, 1926b, p. 1471. However, a Departmental Committee 

[BE, 1925c, pp. 108,1631 strongly recommended the transfer of general 

responsibility to the universities, working in conjunction with the 

73 The syllabus for professional mathematics reflected the reformed 
views concerning elementary school mathematics, and specified 
'methods and apparatus; practical instruction and its relation 
to handwork; usýe of literal symbols and graphs by older 
children; mensuration and geometrical drawing' [BE, 1913e, p. 721. 
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colleges an a regional basis. A new scheme, supervised by a widely 

representative Central Advisory Committee, was formulated by the end 

of the decade and the BE's awn detailed curricular controls were 

abandoned [Montgomery, 1965, pp. 235-2361. 

The university departments had always been subject to less 

central control, and this freedom had been extended to the professional 

aspects after 1911, when a consecutive pattern of three years plus 

one year of elementary teacher education was recognized as an alter- 

native to the concurrent three-year pattern [BE, 1925c, p. 20; Nunn, 

1912a, p. 3011. Subsequently, the three-year courses declined in 

popularity, and the universities tended to restrict themselves to 

consecutive four-year courses for elementary as well as secondary 

teacher education [Jones, 1924, p. 114; BE, 1926b, p. 1471. Also, it 

should be emphasized that alternative routes into elementary school 

teaching existed, apart from those already discussed. As late as 

1921-1922, more elementary teachers were certificated but not 

college-trained, uncertificated, or classed as 'supplementary, ' 

then were college-trained and certificated, which is an important 

factor to recognize when judging the general quality of the teach- 

ing force [BE, 1925c, p. 1751. Another aspect of training was the 

provision of in-service courses for elementary teachers by the LEAs, 

the larger authorities such as the LCC being particularly active at 

an early stage (see p. 23), and the general provision increased after 

the War [BE, 1909b, p. 80; 1925c, pp. 119-120; 1926b, p. 1531. 

As in the cases of elementary, secondary and further education, 

so also, but more gradually, in the case of teacher education the 

BE transformed its role. A Report of the BE [1914d, p. 71 referred to 

this general process as: 

a momentous change in policy, which can be traced in almost 
every branch of educational administration. The State has 
abandoned the attempt to direct education by prescribing in 
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detail the subjects and methods of instruction for individual 
students.... It leaves teachers free to attackv each in his 
own way, the detailed problems of curriculum and method.... 

Thus the BE gradually restricted its concern to the general conditions 

and finance of education in all aspects. The process was completed 

soon after the War, and the total volume of the BE's regulations was 

reduced from around one hundred and ninety pages to a mere thirty in 

1926 [Selby-Bigge, 1927, p. 1681. However, in the field of secondary 

teacher education the central authority never held a significant 

measure of control, and the general trends here remain to be 

considered. 

Secondary School Teachers 

In discussing the quality of the secondary teaching force it is 

profitable to make a number of distinctions. Firstly, there is a 

teacherl. b academic education, which may or may not be supplemented 

by some form of professional training. Secondly,. there are both 

formal and informal modes of education and training, both pre-service 

and in-service. Thirdly, the status of a teacher's school is an 

important variable, and, finally, there are some important differences 

between the sexes. It was in the case of lower status secondary 

schools that pioneering efforts were made to cater for the various 

aspects of teacher education and training. 

The College of Preceptors' school examinations have already 

been considered (see pp. 48-49), and this provision by the College was 

one consequence of its general ambition to create an autonomous 

teaching profession. Other aspects of the College's general strategy 

included the provision of a teacher's diploma; the arrangement of 

lectures and meetings; the publication of its own journal, the 

Educational Times', which included reports of meetings, articles, 

letters, book reviews, mathematical problems and solutions, and 

numerous advertisements for books and other materials; the appointment 
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of the first professor of education in England; and persistent 

efforts to establish a scheme for the registration of teachers [Rich, 

1933t pp. 250-269; Gosden, 1972, pp. 235-2441. The College was a 

pioneer in in-service teacher education, and did much to bring to 

prominence general educational issues and detailed questions of 

pedagogy. 
74 However, its wider ambitions to control entry to the 

profession and to regulate educational standards through its own 

examinations for teachers and pupils were not fulfilled, though it 

continued to act as a valuable agent forthe dissemination of ideas in 

the early twentieth century [Webb, 1915b, pp. 12-121.75 Its diplomas 

were never popular, and an experiment involving its own teacher 

training college failed in the 1890s. Significantly, women were 

first admitted to the College's Council in 18G9, and it was not men 

but women who generally took an early interest in the provision of 

secondary training facilities. 

It was the lack of university opportunities for women in the 

1870s that stimulated interest in alternative forms of academic 

education and professional training in departments attached to 

schools, and in other suitable institutions. This development was 

part of the wider movement for the improvement of girls' education, 

and up to 1890 secondary training facilities generally were 

restricted to women, whose career opportunities could thereby be 

enhanced [Rich, 1933, pp. 261-263; BE, 1912d, pp. 1-33. However, as 

part of the wider opening up of examinations to the female sex, from 

around 1880 women began to obtain academic degrees at London, 

Cambridge, and Oxford, and this provided an alternative high status 

and direct route into secondary teaching, which was the traditional 

74 Findlay had close early links with the College, and Richard 
Wormell, a pioneer in science and mathematics education, was 
another of its leading members. For Wormell see the Appendix. 

75 The College's specific contribution to mathematical education 
will be pursued in Chapter 3. 
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pattern for men [BE, 1923a, pp. 31-331. The subsequent output of 

women honours graduates in mathematics, up to 1940, is shown in 

Illustration B. As regards the academic calibre of women mathematics 

teachers, the changing pattern was well summarized by Story [1912, p. 5441: 

at first the difficulties were great owing to the fact that 
the supply of well-qualified teachers was wholly inadequate 
the equipment of those teaching before [18811 was in the main 
meagre: a smattering of arithmetic and algebra, with little 
knowledge of principles, and perhaps two books of Euclid learnt 
more or less by rate. In the twenty years following the opening 
of the Tripos Examination to women, 250 students took honours in 
Mathematics at Cambridge alone, and it was with the entrance into 
the teaching profession of this band of highly qualified women 
that the orgenisation of mathematical teaching may be said to 
have begun. 

Story's [p. 5451 survey of one hundred and eighty schools linked 

with the Association of Head Mistresses found approximately one third 

of the senior mathematical mistresses had taken the Mathematical 

Tripos, and another third a London pass degree, though very few had 

undergone professional training. Story Ep. 5451 considered that this 

disinclination to supplement degree studies with professional train- 

ing had made 'the curriculum in Mathematics at girls' schools, as 

well as at boys, ' a preparation for the future mathematical student 

at the Universities, rather then an education for the average pupil. ' 

Although the total supply of London mathematics graduates increased 

rapidly after 1900, it was Cambridge which traditionally dominated 

higher mathematical education, and there are important implications 

for secondary schools, particularly those of higher'status. 

The products of the Mathematical Tripas system were much sought 

after by the higher status secondary schools during the nineteenth 

century, and also subsequently. For the leading public schools in 

the 1860s, the Clarendon Commission reported that 'it is easy to 

obtain Mathematical Masters of high ability who have had a University 

education' [Royal Commission (Clarendon), 1864, p. 151. However, until 

the 1890s, as will be shown, professional training for men was 
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generally regarded as superfluous. The character of mathematical 

education at Cambridge was thus an important factor influencing the 

perspectives on school mathematics of many leading teachers of the 

subject, as well as textbook writers. 
76 

The history and effects of the Cambridge Mathematical Tripos 

have been considered by a number of writers, and the finer detail 

will not be repeated here. A full account of all aspects of Cambridge 

mathematics has been provided by Bell [1889,19121 and developments 

concerning the Tripos from the late nineteenth century have been 

considered by Berry [19121p who has well captured the highly competitive 

character of this examination with its distinctive 'order of merit, 

for honours in three classes, the 'wranglers, ' and the senior and 

junior loptimes: 1 

The system obviously involved great confidence in the accuracy 
of marking attainable; and its prevalence and popularity might 
be ascribed in part to the general British interest in sport. 
University studies were reduced as far as possible to a 
semblance of a race; the candidates were the horses, their 
teachers the trainers, the examiners the judges. In Cambridge 
great interest was always felt in these competitions, 
especially in the Mathematical Tripas, large crowds always 
attending when the list was read out. Even the general public, 
usually little interested in University matters, were involved; 
the lists were telegraphed to the newspapers, short biographies 
of the Senior Wrangler and other high wranglers were 
published.... Epp. 184-1851 

Further distinctive features of the Tripos system were the 

divorce of teaching from examining, the former being principally in 

the hands of a few specialist 'coaches, ' and the non-involvement of 

76 A scrutiny of school textbooks in the MA's Library indicates 
that over the first quarter of this century successful textbook 
writers generally possessed a Cambridge and public school back- 
ground. Prominent writers and schools were Hall, Stevens, 
Fewdry and Palmer (Clifton); Borchardt, Perrott, Baker and 
Bourne (Cheltenham); Godfrey and Durell (Winchester); Siddons 
(Harrow); Barnard (Rugby); and Pendlebury (St. Paul's). The 
Appendix shows that a number of the leading figures in school 
mathematical education were Cambridge Wranglers, led by Fletcher, 
Carson and Mair (2nd Wranglers), and Godfrey (4th Wrangler). 
However, the powerful thinkers Branford, Nunn and Findley were 
not Cambridge products. 



73 

professors in undergraduate work. As late as 1905, the Sadleirian 

Professor, A. R. Forsyth, was prompted to remark: 

I live in a place where examinations seem to be the breath of 
life, and where they are utilised for the purpose of arranging 
students in an artificial order of merit, and in order to see 
who is the best gymnast in over-coming obstacles set by people 
who had nothing to do with the teaching. That is examination 
run mad. 77 

The complex question of the effects of the system on the state of 

English mathematics will not be considered here. Forsyth [19351 

subsequently described the traditional pattern in some detail, 

re-emphasizing his criticisms, whilst G. H. Hardy [19261 was notably 

outspoken and argued powerfully that the Tripos and other difficult 

honours examinations, like Oxford Greats, were 'fundamentally vicious 

and should be abolished. ' 78 Predictably, such a drastic remedy was 

not applied. However, turning to the schoolp, the traditional 

Tripos system had some important implications. 

Firstly, the severely competitive character of the Tripos 

tended to be adopted for school mathematics examinations, with 

detailed results used by the schools for advertisement. Secondly, 

many teachers would have been relatively unsuccessful products of a 

system geared to produce high 'wranglers, ' and one likely to distort 

an individual's mathematical and educational values. 
79 Finally, and 

critically for both Cambridge and the schools, from the 1880s the 

Tripos entered a period of declining popularity, at a time when in 

Hardy's [1926, p. 1371 view it stood 'in difficulty, complexity, and 

notoriety, at the zenith of its reputation. ' According to Berry 

[1912, p. 1901, this steady and continuous decline, which was not 

arrested until after the First World War, provided one argument for 

77 Forsyth in Perry [1906, pp. 28-291. For Forsyth see the 
Appendix. 

78 Hardy in Heywood [1925, p. 3301. For alternative, 1ESS critical, 
views see Bell [19121 and Pearson [19361. For Hardy see the 
Appendix. 

79 The resulting Lflitist tendency in school mathematics will be 
considered further in Chapter 6. Many of the individuals in the 
Appendix were relatively successful products of the system. 
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some major reform of the system. (See Illustration 8. ) As Berry 

[pp. 190-1911 pointed out, mathematics was now encountering new 

competition from other subjects: 

Between 1882 and 1909 ... the number of successful candidates 
in Part I., had fallen from 116 to 74; the corresponding numbers 
in Part I. of the Natural Sciences Tripos, were 54 and 174, 
while the class list of the Mechanical Sciences Tripos contained 
7 names when it began in 1894 and 31 in 1909. It seemed clear 
that mathematicians were drifting away to other subjects.... 

After much campaigning, by individuals such as Forsyth, 
-Hardy, 

and E. W. Hobson, who became Saldeirian Professor in 1910, a new, more 

flexible, scheme in two parts was narrowly approved in 1906, and, in 

particular, the controversial order of merit was subsequently 

abolished [Piaggio, 1931, P-4643.811 The mathematical examinations at 

oxford were also reformed before the First World War, with some shift 

of emphasisp as at Cambridge, away from an insistence an specialized 

techniques and the elaboration of detail, and towards a deeper under- 

standing of general principles [Dixon, 19121. Although the output 

of Oxford mathematics graduates remained fairly stable up to 1910, 

there was general concern for the total supply of mathematics graduates 

for teaching in the early twentieth century. 

What had been a relatively favourable general state of supply 

and demand, in the case of assistant masters for secondary schools, 

changed significantly towards the turn of the century. As one 

speaker remarked during a Conference at Cambridge in 1902, 'The demand 

for competent assistant masters is steadily growing, the supply is as 

steadily diminishing' [Cambridge University, 1902, p. 1131. Another 

speaker referred to 'a very decided dearth in the market, ' which was 

'felt mainly in Mathematics, and was partly accounted for by the fal- 

ling off in the Mathematical Tripos' Ep. 1221. There was also the 

more general problem of competing, in terms of salaries and conditions, 

80 For some discussion of the character of the campaign, which 
spread to the columns of the Times, see Hasse 119511. For Hobson 
see the Appendix. 
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with other professions, particularly the Civil Service, engineering 

and manufacturing Ep. 1261.81 As with science teaching, the supply of 

academically competent mathematics teachers was inadequate for the 

expanding secondary school system in the early twentieth century 

Denkins, 1979, pp. 215-2231. What is more, it was science which had 

'drawn many teachers away from the study of Mathematics' [Fletcher, 

1912, p. 971. There were particularly serious consequences for mathe- 

matics, as this period up to the War was also one of general curricular 

upheaval. The position in maintained secondary schools was considered 

in detail by HMI Fletcher [19121, who emphasized that 'When all 

difficulties ofýtiadition and organisation are allowed,, For, the chief 

difficulty remains - the poverty of much of the teaching' Ep. 941. 

comprehensive survey by HMIs found that, out of a total of 

around seven thousand teachers-in, six-hundred and: -fifty--English-schools, 

two thousand-five, hundred taught some mathematics beyond arithmetic, 

though Fletcher Ep. 951 admitted 'It is ... a matter for grave concern 

that half of our mathematical teachers have had no instruction in 

MathematiCB beyond what they have had at school. ' He also referred 

to a curious $doctrine' Ep. 971 particular to mathematics: 

It seems to be readily assumed that because Mathematics has 
been part of every teacher's own school work Every one is 
competent to teach the subject, at least in its lower stages. 

As well as considering academic attainment in the sense of some 

mathematics to degree level, not taken externally, Fletcher also 

considered experience of the calculus as another criterion, which 

yielded the following percentages: 

, Men 
Women 

Some mathematics 
teaching. 

Some degree 
mathematics 

I Some 
calculus 

44 47 44 

27 52 L 33 

% of all teachers % of the Ist column 

81 Salaries varied considerably, and were relatively unattractive 
for lower status secondary schools in particular [Archibald, 1918, 
pp. 58-601. 
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He judged that barely sixteen per cent of those teaching mathematics 

had high qualifications, and that in around twenty per cent of the 

schools surveyed there was no teacher sufficiently qualified to adopt 

a leadership role in mathematics. Fletcher_5tressed that poor 

qualifications resulted in conservatism, over-reliance an textbooks, 

and a tendency to misinterpret the spirit of reforms, however 

communicated Ep. 931. Palmer [1912, pp. 225-2261 made similar remarks, 

with reference to teachers in all but a small proportion of privileged 

schools, and added that 'the unsatisfactory teacher so often shows a 

strong liking for the unsatisfactory text-books. ' 

After the War, the supply of honours mathematics graduates was 

boosted by the contributions from London and the newer universities 

(see Illustration 8), and the proportion of graduates, in all subjects, 

teaching in grant-aided secondary schools steadily improved [Jones, 

1924, p. 223; MAl 1932b, p. 3321: 

Year 1908 1921 1931 
Men 58 711 84 

Women 37 54 66 
Percentages 

Such figures refer to all graduates, not just those with specialist 

honours, and include an important contribution from graduates who had 

also been trained for elementary teaching, in a university department, 

and often competed for higher status secondary appointments [BE, 1925c, 

p. 112; Jenkins, 1979, p. 2191.82 Academic competence itself was 

necessary but not sufficient for 'efficiency' in the teaching of 

mathematics, as Fletcher [1912, p. 951 pointed outp particularly during 

a period of reform. Furthermore, university mathematical education 

generally continued to be governed by tradition, being competitive in 

82 These statistics do not reveal the extent to which general 
improvements were matched by improvements in the academic calibre 
of mathematics teachers. 
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character, following the Cambridge pattern, albeit modified, still 

dominated by examinations, and Out Of step with the reform movement 

at school level, where educational considerations now loomed large. 83 

The important question of forms of professional training and support 

for secondary teachers remains to be explored. 

Broadly speaking, for much of the nineteenth century, the 

strength of the desired need for training, to supplement academic study, 

varied inversely with the status of school to which a teacher aspired. 

By contrast with the situation in elementary, girls, and lower status 

private schools, for boys' schools of the upper and middle classes a 

sound academic Education was generally regarded as sufficient, and, 

as Rich [1933, p. 2491 has argued, 'professional training, as such, 

had to stand or fall on its own merits. ' The HMC showed some interest 

in the matter during the 1870s and a Teachers' Training Syndicate was 

set up at Cambridge in 1879, to provide facilities and certification, 

but the subsequent uptake by men was very poor. Oxford did not follow 

Cambridge until 1896, by which time the new universi, ty day training colleges 

were also beginning to extend their provision to the secondary field, 

and secondary diplomas became more widely available [BE, 1912d, pp. 4-5; 

Rich, 1933, pp. 231-2741. Before 1900, there was also more concerted 

pressure for secondary training from the Associations of Headmistresses 

(1874) and Assistant Mistresses (1884), as well as the newer 

Association of Headmesters (1890) and the AMA (1891), and the 

subsequent pattern of one-year postgraduate training in a university 

institution became generally accepted in principle. Around twenty 

secondary departments were established by 1900. 

83 See Heywood [19251, who contrasted the widespmead and sustained 
attack on school mathematics with the case of university 
mathematics, which he claimed 'has not up to the present 
been systematically studied by any corporate body in this 
country' Ep. 3221, adding that 'reform is urgently needed' 
EP. 3231. Hardy Ep. 3301 was generally in sympathy with Heywood's 
challenging views. 
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Up to the 1890s, one important factor concerning the low esteem 

in which secondary training was held was the association of training 

with the State-controlled elementary colleges, and their narrow courses 

in 'applied psychology' and class management, emphasizing mechanical 

methods and rules of thumb, and, furthermore, dominated by the system 

of payments for examination results. As Findlay [1898, p. 3471 

remarked, 'The primary teacher does not study Education in the proper 

sense of the word at all; he is not required to do so. ' Four years 

later, Findlay [1902, p. 1851 referred to mathematicians' 'contempt 

for the theory of education and its exposition in training colleges. ' 

The new involvement of institutions of university standing, and 

broader views of the study of education and pedagogy were important 

prerequisities for a general change in attitude. 
84 As one speaker 

at the Cambridge Conference remarked, 'the narrow technical view is 

inevitable if the University or other liberal institution does not 

dominate the situation' [Cambridge University, 1902, pp. 40-411. Sir 

John Gorst strongly argued at the same time for the control of 

secondary training curricula by the universities and not central or 

local government Epp. 129-1301. However, the need for training was 

still far from generally accepted around the turn. of the century. 

In a paper for the Special Reports, Hendy [1898, p. 3871 stressed 

that 'The strong point of English masters at the present time is their 

comparatively high intellectual equipment. ' However, as Findley 

[1898, p. 3531 pertinently remarked, with reference to mathematics: 

the teacher of algebra has learned his mathematics and may 
have become a competent mathematician, without having reflected 
upon the nature of algebra and of thernode by which this 
knowledge takes its place in the mind.... It is remarkable 
that this inquiry is commonly regarded as superfluous. 

Subsequently, in his powerful paper for the College of Preceptors an 

84 Developing educational perspectives will be considered in 
Chapter 6. 
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'The Teaching of Elementary Mathematics: Impending Reforms, ' Findley 

[1902, p. 1851 argued that the contempt for educational theory and 

training in some quarters was particularly unfortunate at a time ripe 

for curriculum development in mathematics. More generally, Sir John 

Gorst judged from his wide experience of schools that there was 

good deal of revolutionary probability hanging over the teaching 

profession, ' though, as H. E. Armstrong, a science educationalist 

remarked, most teaching was 'far too technical, except for those who 

wish to become professional experts. Teachers are not guided by 

85 
pedagogical considerations. ' Nevertheless, pedagogical issues in 

mathematics rose to prominence in the early twentieth century and 

involved all secondary teachers, though formal postgraduate training 

developed only slowly. 

Efforts to enforce secondary training through a system of 

registration failed, though the BE provided some financial stimulus 

from 1908 [Gosden, 1972, pp. 235-2571. Separate Regulations for the 

Training of Teachers for Secondary Schools [1908b] were published for 

postgraduate one-year courses, following the main lines for existing 

diplomas, with school experience and specialist methods components 

[Nunn, 1912a, p. 3021. These grant-aided courses catered for very 

small numbers up to the War, the annual average for men being under 

forty and for women around four times this figure. The numbers 

improved considerably after the War, as well as the proportion of men. 

[Jones, 1924, p. 121; BE, 1926b, p. 1491: 86 

Year 1921 1925 

Men 78 (30%) 299 (37%) 

Women 180 (70%) 509 (63%) 

85 Gorst and Armstrong in Cambridge University [1902y PP. 121,851 
86 For the detailed statistics up to 1925 see Jenkins 11979, 'p. 2221. 

The last figure for men given by Jenkins should be 299 not 259. 
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By 1925, the EE [1926b, p. 1501 could claim that training was now 

established as a 'normal procedure, ' though for the public and larger 

grammar schools the principle was still 'by no means accepted as 

incontestibleol Between the Wars, the public schools in particular 

continued to attach little importance to preliminary training, being 

still content with high academic qualifications [Rich, 1933, p. 248; 

Brereton, 1944, p. 921.87 However, for grant-aided schools around half 

the men were trained by 1931 EMA, 1932b, p. 3321. For mathematics 

teachers, the MA did little to promote or influence directly the 

character of formal training, though it did itself provide various 

less formal means of professional support, to be discussed in 

Chapter 4 [Milne, 1920, p. 83; NCTM, 1939, P. 1663.88 Some other forms 

of support for secondary teachers in-service also deserve mention. 

The growing involvement of various interested parties in mathe- 

matical education, including the teachers themselves, acting collect- 

ively will be considered in the next chapter. The developing pedogag- 

ical literature and particularly the output of textbooks also 

contributed to the new directions in mathematics teaching, as did 

the provision of lectures, meetings for discussion, and more ambitious 

courses. The early work of the College of Preceptors has already been 

mentioned (see pp. 69-70), and both Oxford and Cambridge were involved 

in in-service work by 1900. Exceptional at this time was the provision 

of a course of twenty Saturday-morning lectures by Branford [1901a] 

on The Teaching_of Elementary Mathematics, as part of Victoria 

University's extension programme. The BE inherited the DSA's provision 

of short summer courses for teachers of science and art. 

87 Siddonal system of 'apprenticeship' for new m8the66tics-'te6chers 
at Harrow was one form of professional training described in the 
NCTM's [1939, p. 1521 Yearbook. 

88 For discussions-of the character of the educational and mathematical 
training components between the Wars see Archibald 119181, Milne 
[19201, MA [1932b], and NCTM [19391. The adcount in MA [1932b] 
was prepared by the BE for the resumed ICTM. 
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The BE's summer courses were held at the Royal College of 

Science, South Kensingtonj and catered principally for teachers 

seeking to improve their academic competence in science and mathematics. 

The courses were aligned with teachers in further education rather then 

secondary and were dropped during the First World War. Perry can- 

tributed courses on mechanics, practical geometry, graphics, and, 

notably# the teaching of practical mathematics [BE, 1904e, p. 18; 

1909bo p. 81; 1913a, p. 136; 1926b, p. 1531. The BE [1926b, p. 1541 did 

not provide courses for secondary teachers specifically until 191G. 

This first course was for modern languages, though two years later 

summer courses were held for mathematics teachers at Manchester Grammar 

School and the London Day Training College [BE, 1919, p. 711. Such 

courses proved popular, with the demand for places greatly exceed ing 

the supply [BE, 1926b, p. 1541. Mathematics courses in the 1920s were 

also held at Oxford, Cambridge and Durham, and a detailed account of 

the course at Durhamiorganized by Professor Milne of Leeds University, 

was included in the Mathematical Gazette [Westcott, 1920; BE, 1923b, 

p, 66; 1924g p. 138; 1925d, p. 1231. Particular foci at Durham included 

the teaching of trigonometry, logarithms, early calculus, mathematical 

laboratories, and correlation with other subjects such as geography. 

These features of mathematical education had all risen to 

prominence before the War, and will be explored in subsequent chapters. 

Howevers the earliest major concern was for geometry teaching, and 

the organizational context of change in the teaching of this major 

branch of elementary mathematics will fieconsidered first. 
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Chapter 3 

Organizations and the Reform 'of Mathematical Examinations 

Although major and general reforms in secondary mathematical 

examinations were not implemented until after 1900, organizational 

structurest which provided the means of exerting pressure and- 
.. 

disseminating ideas, had developed during the nineteenth century. 

Indeedq organized pressure for reform can be traced to the 18609, 

though it was not until around 1900 that pressure again mounted, this 

time on a much larger scale, and within a general educational 'climate' 

more sympathetic to change then hitherto. 1 The developing structures 

which later played an important part in the more SUCCeBBful early 

twentieth-century movement will be explored in this chapter, though 

no detailed evaluation of the nineteenth-century attempts to reform 

mathematical education will be attempted here. The largely unBucces- 

sful efforts to reform geometry teaching in the period 1860-1901 

have been explored in a paper by Brack 11975b], with particular 

reference to the work of the Association for the Improvement of 

Geometrical Teaching (AIGT). The AIGT became the MA in 1897, and a 

detailed discussion of this important Association's contribution to 

the reform of mathematical education will be undertaken in the next 

-2 chapter& 

Nineteenth-Century Organizations 

Both the powerful controlling mechanism of examinations and the 

involvement of Royal Commissions in secondary education developed 

over the second half of the nineteenth century. The general state of 

mathematical education over the first half of the century is difficult 

1 The changing educational #climate' will be analyzed in Chapters 
5 and 6. 

2 Mathematical"and pedagogical issues in'geometry will be probed 
in Chapter B. 
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3 

During this earlier 
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period, the autodidactic tradition was still an important feature of 

education, before the development of State intervention. Organizations 

such as the Society for the Diffusion of Useful Knowledge, from 1826, 

and the Central Society of Education, from 1837, undertook pioneering 

work in the dissemination. -, of ideas, particularly through their various 

publications. 
4 It was these Societies in particular that provided the 

mathematician Augustus De Morgan with the means to make an important 

early contribution to the development of mathematical education [Price, 

19751.5 In as early as the 1830s, De Morgan produced articles for the 

QuarterlV Journal of Educatio! j suggesting some modifications in the 

treatment of Euclid [National Education Association, 1912, pp. 23-251. 

Howeverl De Morgan's individual initiative appears to have been an 

isolated one in mathematical education at this time, and not part of 

a wider movement for reform. In the field of science education, the 

organized involvement of scientists can be traced to around 1850. 

The GAAS was formed in 1831, and the background to the creation 

of this important academic organization for science and mathematics 

has been considered in a paper by Orange [19721.6 The BAAS was 

organized in Sections with distinguishing letters, headed by Section 

A, devoted to Mathematical and Physical Sciences. Various modifications 

and additions to the classification of the sciences in Sections were 

subsequently made. In 1849, the idea of a permanent committee of 

members in Parliament was adopted. 

3 See, for example, Howson's [19741 article, significan-tlý-'entitled 
'Mathematics - the Fight for Recognition, ' and the useful historical 
chapter in BE [1923a]. 

4 Theses have appear6d an both these Societies [History of Education 
Society, 1979b, pp. 29-jD] 

5A biography of De Morgan by Joan Richards is ýn'orep6katibn, end 
he is also the subject of one of'Howsons biogiaphical chapters 
in a forthcoming book (see Chapter 1, note 12). 

6A general survey of the first ninety years of the BAAS was provided 
by Howerth [19221y and, more recently, theses have been produced 
by Mikhail [19641 and Collins [1979a]. 
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This Parliamentary Committee is the subject of a-paper by 

Layton-C197G]l who refers to it as 'the first formally, constituted and 

effectively organized pressure group of scientists to express a view 

on educational matters' [p. 251, The Committee produced reports and 

made representations in the 1850s and 1860s, though Layton has judged 

that in science education it actually achieved comparatively'little 

in this period, and its efforts faded Ep*. 373'. Educational matters 

were also sometimes raised within particular Sections, possibly 

resulting in the establishment of a special committee, which sub- 

sequently undertook investigations and reported on the issues involved. 

A notable early example here was the creation of a Committee to 

consider the promotion of school science education, following a paper 

given to Section D (Biology) in 1866 Ep. 361. Their Report in the 

following year was also issued as a White Paper, and was reprinted 

by the Taunton Commission [Layton, 1973, p*731.7 It was the 

Clarendon and Taunton Commissions of the 1860s which, in particular, 

also brought to prominence some major deficiencies in secondary 

mathematical education. 

Wilson [1921, p. 2411 judged the publication of the Taunton 

Report [Royal Commissiong 18681 to be: 

the important and decisive event.... this RepDrt''rhgdd--Oliin''to 
all a fact, in which schoolmasters had hitherto ecq6ii6c6d as 
a decree of fatep that boys might h6va'woiked for'ydar6-6t' 
Euclid, and even know Euclid perfectly, and yet know'n6gt'to 
nothing of the spirit or method or th6'results of Geometry'. 
Time was in fact wasted over Euclid.... A better method was 
wanted. 

The possibility of a general shift away from the strictly 

Euclidean treatment of geometry led to the publication of some 'new 

geometries' in 1868, including one by Wilson. At this time it was the 

College of Preceptor's journal, the. EduCational--Ti6es, 'which provided 

7 The Committee included O. M. Wilson, who was soon'to b6come closely 
involved also in efforts to-imoroýe geometry teachinig. ''Wilson is 
the subject of another of Howson's biographical chapters. ' 
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an important early means of communication concerning the new 

possibilities. A letter from Wilson [18G8a, P-601 claimed: 

many good teachers depart very widely from Euclid, and in fact 
teach qeometry to a great extent independently and then teach 
Euclid. But there are scores. of schools where boys learn and 
say their Euclid like declensions. 

Furthermore, as a reviewer of Wilson's textbook pointed out, 'Euclid'B 

Elements are not used in public instruction by any nation other than 

our own' [College of Preceptors, 1868a, p. 861. The reviewer of 

another 'new geometry' added: 

we hear that a third is nearly ready. Several more will 
doubtless be produced soon, for the same purpose; and we 
hope the time is not far distant when some one or more of 
these will succeed in giving general satisfaction, and be, 
recognised as text-books by the examining 'powers that be' 
in our various Universities. [College of Preceptors, 
1868b, p. 1341 

These early initiatives came principally from the schoolmasters 

themselves, before the formation of the AIGT, and the success of the 

movement thus initiated depended crucially upon the general response 

of mathematicians and the universities. 

The London Mathematical Society was founded by De Morgan, 

Thomas Archer Hirst and others in 1865, primarily to further the 

interests of mathematicians [Collingwood, 1966]. 8 However, in 1868, 

Wilson was offered the Society's platform, to publicize his views 

concerning geometry teaching. Significantly, he began: 

It will not, I hope, be thought beyond the province of a 
Mathematical Society to discuss the merits and demerits of so 
distinguished a text-book of Geometry as Euclid's Elements. 
The position still occupied in education by this book has 
lately attracted renewed attention from our distinguished 
mathematicians# from the Commissions of Enquiry into Schools, 
and from many who are engaged in education. [Wilson, 1868b, 
p. 1261 

Through his paper, which was subsequently published in the Educational 

TimesI, Wilson sought to obtain the Society's endorsement for the need 

8 Hirst was sympathetic to yeform in geometry, and was an 
inspiration behind some of the new geometries [Brock, 1975b, 
pp. 24-251* 
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to change and of his own views concerning its desirable direction, and 

he suggested the sending of a memorandum from the Society to examining 

bodies, particularly Cambridge. In any case, he argued somewhat 

oddly that 'we may reform geometrical teaching slowly, by writing and 

teaching modern geometries, and compelling the Universities to admit 

our pupils' Ep. 1281. Hirst later argued a similar case to the AIGT 

[Bourne, 1921y p. 2451. Wilson [1921, p. 2411 subsequently recollected 

that he was 'well "heckled"' at the London meeting, and his own text- 

book was $severely handled' an mathematical grounds by De Morgan in 

a review for the Athenaeum* General support for Wilson from the London 

Mathematical Society was not forthcoming in 1868. This appears to 

have set the subsequent pattern for the Society of non-involvement in 

mathematical education, and of exclusive concern for the advancement 

of the subject C Collingwood, 19661* However, in 1869, the innovatory 

tendencies in geometry teaching attracted the attention of mathematic- 

ians within the BAAS. 

Professor O. J. Sylvester [1870, p. 61 in his Presidential Address 

to Section A in 1869, admitted 'I should rejoice to see Euclid 

hanourably shelved or buried "deeper then did ever plummet sound" out 

of the schoolboy's reach. ' BY way of apology, he added: 

The early study of Euclid made mees hater of gedmetrV', '-'which I 
hope may plead my excuse if I have shocked the opinions of any 
in this room (and I know there are some*who rank Euclid'as 
second in sacredness to the Bible alone, and as one of the 
advanced outposts of the British Constitution) by'the ton6'in 
which I have previously alluded to it as a school-book. Ep. 81 

At Cambridge in particular, as Forsyth [1935, p. 1701 subsequently 

recalled, 'There was a special devotion to an ancient and limited 

geometry: to Euclid, not the old, men, but to the Simson-Todhunter 

presentation. ' Nevertheless, an academically powerful Committee of 

the GAAS was set up in 1869 'for the purpose of considering the pos- 

sibility of improving the methods of instruction In elementary geometry' 

[BAAS, 1870, p. lxxvii]. The Committee includedt among seven Professors, 
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Sylvester, Hirst, and Cayley, the Sadleirien Professor at Cambridge 

until 1895, and also Wilson, with William Kingdon Clifford as 

Secretary. Potentially, this was an important initiative from the 

BAAS, and taken before the schoolmasters themselves had become 

organized in their opposition to'the continuing use of Euclid as a 

school textbook. However, the Committee did not take any early lead 

in the'matterv and did not report until 1873, by which time other 

dpvelopments had taken place [BAAS, 1874, pp. 459-4GO]. Meetings would 

probably have been restricted to the period of the annual gathering 

of the BAAS, and no doubt many of the members had academic preoccupa- 

tions far removed from elementary geometry2 Furthermore, a critical 

factor in the Committee's non-productivity would undoubtedly have 

been the fundamental differences of opinion amongst its members, 

making the framing of a policy for geometry teaching along other than 

strictly Euclidean lines impossible at this time. Hirst and Sylvester 

were sympathetic, but Cayley was a staunch admirer of Euclid's text, 

and an uncompromising opponent of reform until his death in 1895. ID 

Professor Kelland, the Senior Wrangler of 1834, was also, according 

to Wilson [1921, p. 2421 'wholly and openly opposed to the change. f 

The strength of the academic opposition, particularly at Cambridge, 

is confirmed by the publication in the 1870s of Todhunter's [1873, 

pp. 136-1921 powerful defence of Euclid, and Dodgson's [18791 Euclid 

and his Modern Rivals,, in which various alternative geometries were 

stylishly exposed as logically inferior to the ancient classical text. 

Clearly, a number of the mathematicians who became involved in the 

9 It is perhaps significant, thetWils 
- 
on, [ 1921, 

-p. 
2421_, 

_a 
Committee member, 

could not recollect any of it6 busin . ess, admittinj that 'Whether 
that Committee ever met or reported I do not know. 1 

10 Cayley is quoted in Siddons [1936, p. 181-as having bfibe ieffiarked 
that 'the proper way to learn geometry is to start ijith'the' 
geometry of n dimensions and then come down to th6'p6rt1buliir'- 
cases of 2 and 3 dimensions, ' As Bushell [1947,0*841 remarked 
'Payley, of course, was out of touch with realities. ' 
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discussions at this time were quite out of touch with school 

Conditional and preoccupied with the academic rather then pedagogical 

issues raised. In 1870, with the mathematicians divided, the school- 

masters themselves took the initiative. 

The situation in 1870 was subsequently well summarized by 

Wilson [1921p p, 2421: 

correspondence took place among mathematicians 'afid-rhithiinatical 
masters with the aim of securing sufficient uniformity'df' 
treatment to make possible the conducting of Examinations', - That 
was the real difficulty. Some of us, including"my'se-lf, 'had' 
hoped that either the British Association, or an*sssd6Ifiti6n of 
University Professors would draw up for us sn'authbritative '- 
Syllabus to which text-books might be written. But those-'sugd6t 
bodies made no sign. We therefore resol, ýdd'to form an Association 
for ourselves, since the need was urgent. ooo 

At this time it was the new scientific journal, Nature, which provided 

an important means of communication for those anxious to form some 

organization. The matter was first raised in Nature, in March of 1870, 

taken further by Rawdon Levett of King Edward's School, Birmingham, 

and Wormell of the Cowper Street Middle Class School, Finsbury, and 

the result at the end of the year was the notice of a forthcoming 

conference [Naturey 1921, p. 6391. Thus the first meeting of the AIGT 

took place in January of 1871.11 In his Presidential Address to 

Section A of, the BAAS in 1873, Professor H. J. S. Smith [1874, p. 51ps 
I 

sympathetic member of the BAAS's own. Committee, remarked: 

For some years past this Section has appointed 6 cdmmItt66'td_". - 
aid the improvement of geometrical teaching in this country ... 
we have advanced at least one step in the direction-'Dif an'- 
important and long-needed reform. The action of this Section 
led to the formation of an Association for the improvement of 
geometrical teaching* 

Smith's remark should perhaps be qualified by adding that it was the 

action of the Section, together with the resulting inaction of its 

Committee, which led to the formation of the AIGT. 12 The HMC also 

11 The title 'Association for the Reform of Geometrical'Teaching' was 
changed to the AIGT at the first Conference [Siddons, *1948, p. 1601. 
The notice of the Conference is reprinted in MA [1971, pp; 123-1241. 

12 This conclusion is inconsistent with that of Brock [1975b, p. 261. 
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considered the question of geometry teaching in as early as 1870. 

It was the work of the Clarendon and Taunton Commissions in the 

1860s, and the resulting threat of legislation concerning the secondary 

teaching force and examinations, which produced 8 Cohesive response 

from the headmesters of certain leading endowed schools. The first 

Conference was held at Uppinghem in 1869, and was principally concerned 

with the recent threats to these schools' independence in matters 

involving the teachers, examinations and curricula. 
13 

The second Conference at Sherborne in 1870, however, spent some 

time considering aspects of the curriculum, specifically the teaching 

of English, natural sciences, and geometry [Percival, 1969, p. 531. 

The question of the wider use of alternative geometries was raised, 

and the Committee was instructed to confer with government departments, 

the universitiesy and other examining bodies, However, given-the, 

involvement of the BAAS and the AIGT at this time, the HMC subsequently 

decided not to pursue the matter until these organizations had them- 

selves clarified their positions in relation to the issues raised 

[Roche, 1972p p. 4501. 

During the 1870s, the HMC furthered its schools' interests in 

the fields of examinations and teacher training. Pressure from the 

HMC led to the establishment of the Oxbridge Joint Board in, 1873 (see 

p. 47) and the Cambridge Teachers' Training Syndicate in 1879 (see p. 77), 

Curricular issues were also raised from time to time, and, in part.;. 

icular, the AIGT's proposed geometry syllabus was first discussed by 

the HMC in 1878, and the detail was included in the appendices of the 

annual Report. By this time, Wilson had moved from Rugby to become 

Headmaster at Clifton, and he took a leading part in the HMC's 

discussions concerning geometry. Like other examining bodies, the 

13 For the history of the HMC-Bee the paper by Bdron [19551', --and- 
the thesis by Roche [19721. For the origins of the HMC see also 
Percival [19691. 
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Joint Board had 'not responded to the pressure for ref orm, which it was 

f elt would lead to I conf usion and inaccuracy without any compensating 

advantages in the power of working riders. ' 14 Interestingly, Wilson 

suggested that schools might Islip the new methods in when they were 

preparing a mathematical syllabus for use both in the "school work" 

examination and the award of certificates, ' which was a reference to 

the Joint Board's early and distinctive provision for school-based 

examining [Rochep 1972, pp. 451-4521. The general problem of geometry 

examinations was a major concern of both the AIGT and the Committee. of 

the BAAS in the 1870so 

The publication of various new geometries brought with it a 

variety of competing approaches, and a major objective of the AIGT was 

'to unify the teaching an the new lines, ' and, thereby, to overcome 

the problems of examining in geometry as opposed to Euclid [Wilson, 

1911, p. 191. Under Hirst as its first President, and with a member- 

ship predominantly of schoolmasters, the first important tactical 

decision of the AIGT involved a choice between the preparation of either 

a textbook or a syllabus as the first priority. 
15 Wilson [1921, p. 2431, 

in particular, favoured the former course, and put his own textbook at 

the AIGT's disposal, but, as he later remarked, 'the Committee, I now 

think wisely, chose the letter. ' On tactical grounds, this decision 

has been recently criticized by Combridge [19719, pp. 3-41, and by 

Brack [1975b, p. 311, However, as Brack has pointed out Ep. 341, nearly 

half the Committee of the BAAS became members of the AIGT also. Given 

this overlap of membership, the AIGT would have been familiar with 

the attitudes of the Committee of the SAA59 whose support, was a 

14 'Riders$ were problems, additional to those actually solved as 
part of the logical development of the subject, termed the 
lbookwork, l which could be learnt purely by rote. 

15 The AIGTIs first published list of members, in 1870, contained 
28 names, with 24 schoolmasters, and, in the following year, 
there were 61 names with 52 schoolmasters [Siddons, 1936, p. 131. 
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necessary condition for progress in the campaign for examination reforms. 

Significantly, when this Committee first reported in 1873, and discussed 

the matter of plurality of textbooks, the idea of replacing Simson's 

Euclid by some other standard textbook was rejected, and the Committee 

judged that 'it does not seem probable that a good book could be written 

by the joint action of selected individuals' [BAAS, 1874, p. 4591. The 

Committee favoured a new uniform syllabus to facilitate examining, which 

the BAAS itself might authorize, leaving the teachers to choose suitable 

textbooks within a freely competitive market. 
16 By this time, the 

AIGT had slowly and painstakingly prepared a new syllabus to replace 

Euclid I-IVv which the Committee judged to be 'decidedly good so far as 

it goes' [p. 4601. The Committee was reappointed to consider the AIGT's 

full syllabus and #to discuss the advisability of giving to it the 

authority of the British Association' [p. 4601. On other matters, the 

committee supported the idea of a propaedeutic course in practical 

geometry, though not the use of redundant axioms in the formal 

deductive course. The use of intuition and experiment in geometry, and 

the general question of the relation between demonstrative and practical 

geometry attracted relatively little general attention at this time. 17 

Academic questions and the problems of examining geometrical proofs 

dominated the situation. Euclid's pure mathematical ideals Still 

provided the paradigm for school geometry. Predictably, the AIGT 

laboured greatly and at length over Euclid V (ratio, and proportion), 

and its complete syllabus for plane geometry up to Euclid VI was not 

published until 1875. The Committee of the BAAS [1877p p. 9-1 reported 

again in 1876, and generally approved the AIGTIs, syllsbus: 

16 With hindsight, given the independence of both examining bodies 
and publishers in England, the idea that one new textbook in 
geometry might be adopted as a standard, to replace the publishers' 
various editions of Euclid, seems somewhat fanciful. 

17 These aspects of geometry, which loomed much larger around the 
turn of the century, will be pursued in Chapters 5 and 8. 
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it should be considered in detail by authorized representatives 
of the Universities and the other great examining bodies of the 
United Kingdom with a view to its adoption. 

It was thus six years before the AIGT was in a position to 

pressurize the various examining bodies, with the support of a test- 

imanial from the BAAS for its alternative, albeit conservative, 

syllabus. However, as a writer in the School World [1904, p. 561 

subsequently remarked: 

This recommendation seems to have fallen rather flat. There 
was then no general feeling of unrest and of misgiving that 
all was not well with our system of education comparable to 
that which lay behind Prof. Perry's vigorous attack an our 
antiquated methods twenty-five years later.... 

The generally poor response from the major examining bodies has 

been discussed by Brack [1975b, pp. 28-291. In addition to any failings 

in the tactics of the AIGT itself, which Brock has considered, there 

are other factors which inhibited progress in this earlier period. 

The continuing academic support for Euclid as a textbook has 

already been discussed (see pp. 86-87). However, by 1900, educational 

arguments had risen to prominence, in which the standpoint of the 

learner was now a major concern, and the defence of pure Euclid as a 

mental discipline was being challenged. Furthermore, the development 

of science and technology brought with it a renewed emphasis on the 

utility of mathematical knowledge, and the teaching of practical 

geometry and measurements in particular* These new demands eroded 

the classically dominated secondary curriculum, within which Euclid 

had been comfortably accommodated. 
18 In addition, the nature of the 

English examination system needs to be considered. 

Firstly, there were a number of examining bodies, each of which 

was autonomous and had to be separately approached. No mechanism 

existed for imposing a common policy for examining in geometry. 

Secondly, these bodies were generally conservative, and sought to 

18 These fundamental factors in the reform of mathematical education 
will be explored in Chapters 5 and 6. 
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cater for the prevailing practices of the majority of teachers, who 

accepted the status quo in geometry [School World, 1904, pp. 56-571. 

The AIGT remained a small and sectional group, whose syllabus, with or 

without the approval of the GAAS, is likely to have been regarded by 

the examining bodies as a threat to their autonomy. It is significant 

that what the various bodies did agree on, after 1900, was the 

desirability of freedom for teachers and textbook writers to experiment 

in deductive geometry, which was these bodies' response to a much 

wider general movement for reform.. This is a very different matter 

from agreeing to adopt one standard and detailed syllabus, devised by 

a narrowly representative group like the AIGT. Indeed, a standard 

. 
sequence, of theorems to replace Euclid's was never subsequently 

adopted by the examining bodies in this country. It does seem that 

in this earlier period no possible tactice-of the AIGT could have been 

adopted to impose a new uniformity for examinations in geometry. 

Having achieved little in the 1870s, the AIGT turned to the alternative 

tactic of textbook production in the 1880s. 

The writing of a textbook by Levett and others, based on the 

AIGT Is syllabuiý was again a very. slaw and pedantic business, spanning 

some five years, and the treatment was still dominated by academic 

rather than pedagogical considerations, with a view to impressing 

sceptical mathematicians like Cayley. Godfrey [1923, p. 3283 

subsequently well captured the flavour of the AIGT's work, writing at 

the time of Levett's death: 

Perhaps the best illustration of 30 years' change of standpoint 
is that the first theorem in the Elements of Plane Geometry is 
'All right angles are equal to one another;? the proof occupies 
a page and a helf. 19 

19 Both Godfrey [19231 and Siddons [1936, pp. 13-181 were pupils of 
Levett, and both generously acknowledged his influence. However, 
it appears that Levett's influence an these two outstanding 
pupils W88 principally mathematical rather than pedagogical. For 
example, in geometry, Godfrey [p. 2381 remarked 'I do not remember 
that we used ruler and compass in Levett's classroom. ' 
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As has already been argued, the various examining bodies would not 

have been favourably disposed to the adoption of the AIGT's textbook, 

or any other for that matter, as a new uniform standard. The result 

of the AIGT's new initiative was subsequently well summarized in the 

School World [1904, p. 571: 

The publication of the complete work afforded a favourable 
opportunity for addressing the Universities and Civil Service 
Commissioners, but the replies amounted to little more. then 
this: - Euclid's sequence and axioms being retained, any proof 
will be admitted. The consequence was the issue of a number 
of new editions of Euclid's Elements, cleared to a great extent 
of his cumbrous verbiage and well supplied with exercises and 
addenda. These have also had their use in preparing for the 
present freedomv and in rendering less abrupt the transition 
from Potts or Todhunter to the manuals now claiming attention. 

Thus the AIGT's success as a pressure group for the reform of 

examinations and textbooks in geometry was very limited in the 

nineteenth century. However, its activities and interests as a 

subject association did widen during the 1880s. 

Apart from the work in elementary plane geometry, committees also 

considered solid geometry, higher plane geometry, and geometrical conics, 

as well as mechanics, and various syllabuses were published [Siddons, 

19481. Significant here was the tendency of the AIGT to broaden the 

range of its interests by considering the more advanced rather then 

more elementary aspects of mathematical education. A new feature 

from 1883 was the presentation of papers on various subjects, which 

were subsequently published in the annual reports. Here again, 

speakers often chose to consider aspects of more advanced geometry and 

mechanics, though notable exceptions in the 1880s were the Presidential 

Addresses by R. B. Hayward [18861 an 'The Correlation of the Different 

Branches of Elementary Mathematics' and Professor G. M. Minchin [18891 

20 an 'The Vices of our Scientific Educatian'[Wolff, 1915, pp. 59-651 . 

Another exceptional paper was given by G. Heppel [18931 on 'The Use of 

20 These two Addresses were also published in Nature. 
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History in Teaching Mathematics. ' 21 Under Heyward's Presidency, and 

with the somewhat wider appeal of its activities, the AIGT's member- 

ship increased from just over one hundred to around two hundred during 

the 1880s, However, the official organ of the Association, the 

Mathematical Gazette, was not started until 1894* Three years later, 

the AIGT's wider concerns were eventually reflected in the adoption of 

a new name, the Mathematical Association. The MA provided one means 

for the dissemination of ideas and the exertion of pressure for reform, 

but, as will become clear, the important agitation around 1900 was not 

created by this Association. More important in this respect were the 

developments involving the BAAS. 

After the far from intensive, and, in any case, non-pFaductive 

efforts of the Committee of the BAAS an geometry in the 1870s, this 

Association did not take any further collective initiative in mathe- 

matical education for the rest of the nineteenth century. However, as 

with the AIGT, there were isolated individual contributions to the 

debate concerning the teaching of elementary mathematics, and notably 

the Presidential Addresses to Section A by Professors George ChryBtBl 

and Olaus Henrici in the 1880s. Henricils Address was given in 1883, 

when he was also President of the London Mathematical Society. He had 

already been responsible for the production of a rival to Euclid, 

Elementary Geometry, Congruent Figures [Henriciý, 18791, whilst also 

being Professor of Pure Mathematics at University College London. 22 

In his Address, he criticized strongly the teaching of geometry, with 

its divorce of the theoretical and practical aspects. He criticized 

the AIGT in particular for its conservatism and, neglect of newer ideas 

21 Heppel's subject will be discussed in Chapter G. He also gave 
interesting papers to the College of Preceptors in the 1880s 
[Heppel, 18871, and his progressive thinking in algebra is 
'discussed in Price [1974, pp. 57-59; 1976s]. 

22 Henricils and the AIGTIs textbooks were both attacked 
, 

by Dodgson 
[18851, Much later, W. j. Dobbs [1902, p. 7301, a markedly 
progressive thinker, referred to Henricits little book as one 
which 'should be in the hands of every teacher. ' For Dobbs see 
the AppUndix. 
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in geometry, such as symmetry. In the case of algebra, he deplored 

its rigidly mechanical treatment, without a foundation of basic 

principles, 'and also its divorce from the problems of science and 

everyday life. Professor Chrystal [1886, p. 8921 launched a scathing 

attack upon examinations as 'the canker which turns everything that is 

good in our educational practice to evil. '- His own particular 

interest was in algebra, which he claimed'WBB taught as 'neither an 

art nor a science, but an ill-digested f6rrago of rules, whose object 

is the solution of examination problems' [p. 8921. He referred to the 

recent work of De Morgan, Hamilton, Grassmann, and others, which had 

I thrown af lood of light on the elements 1 Cp. 89 11, but such advances had 

not influenced either elementary or higher algebra, as embodied in 

textbooks and examinations. He concluded: 

The result ... is that science, in the hands of specialists, 
soars higher and higher into the light of day, while educators 
and the educated are left more and more to wander in primeval 
darkness. Ep. 893]23 

The speeches of both Henrici and Chrystal were strikingly power- 

ful for this period, but nothing tangible resulted. However, as 

Chrystal pointed out, the younger generation Woo becoming increasingly 

disenchanted with the existing system, which was sustained by powerful 

conservative interests Ep. 8941. Nevertheless, the traditional pattern 

in English mathematical education did not come under sustained attack 

until around the turn of the century. As had been the case around 

1870, various individual initiatives and agitation in the media 

preceded more organized activity. 

23 Chrystal's own textbooks in advanced algebra were a source of 
inspiration for school algebra teaching from the late nineteenth 
century. Heppel [1895, p. 251 remarked that 'A "Chrystal for 
Beginners" is sadly wanted, ' and Chrystal 118981 obliged with an 
innovatory Introduction to Algebre for secondary schools and 
technical colleges. The textbook writer, Bernard [1912, p. 3201 
acknowledged that he was 'vastly indebted' to*Chrystalo 'in common 
with most teachers of algebra' [Barnard, 1907; Bernard and Child, 
19081. Significantly also, two leading figures in school mathe- 
matical education, Moir and Branford, were students of Chrystal 
at Edinburgh. Moir entered Edinburgh University at sixteen, 
proceeding to Cambridge subsequently. 
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Mounting Pressure and Major Examination Reforms 

Towards the latter part of the nineteenth century, there was a 

general expansion in the periodical literature concerning education. 

The first number of the Journal of Education appeared in 1879, and, 

according to Tropp 11958, p. 1541 it became the leading nineteenth- 

century journal of secondary education 'in spite of various attempts 

to found competing periodicals. ' It was to this periodical that 

Branford [1899a, 1899b, 1899c, 1900a, 1900b, 1901b] contributed an 

extraordinary series of articles concerning his own innovatory ideas 

for elementary geometry teaching. The first number of the Mathematical 

Gazette appeared in 1894, and Macmillan started a new monthly, School, 

World, in 1899.24 The first editorial of the School World [1899a, p. 11 

acknowledged that its birth was a reflection of the growing concern 

for curricular matters, and a general policy of relevance to the 

secondary classroom was adopted. In its first year, series of articles 

were published on the teaching of algebra and geometry, by Professors 

Mathews and Minchin respectively, the latter resulting in some lively 

correspondence concerning Euclid as a school textbook [School Worldl, 

1899b]. Minchin [18991 had already contributed to the scientific 

journal Nature an the provocative question of 'Geometry versus Euclid. ' 

Indeed, some of the earliest agitation concerning mathematics teaching 

is to be found not in the educational press but in technical journals 

such as the Electrician, Engineer and EnqineerinQ, as well as in 

Nature [Perry, 1900a, p. vii; MacGillivray, 19021. As Findley [1902, 

p. 1841 pointed outg many of the ideas concerning change were far from 

new: 

They have long been familiar, in their main outlines, to the 
many teachers, 'thoughtful teacherslwho think for themselves. 
Prof. Perry himself tells us that he has been prophesying in 
vain since 1880, and the columns of the Educational Times and 

24 The School World provided strong competition for the Journal of 
Education and ran until 1918. It was subsequently incorporated 
in the letter. 
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the Journal of EducBtion contain repeated sketches of reform, 
worked out in great detail. 

However, Findlay [p. 1841 judged that the important thrust came in 1900: 

with articles by Prof. Perry in Nature 
' ... and it is my 

impression that the editors of that journal (closely associated 
with an enterprising magazine called the School World, issued 
from the same publishing house) recognized that the time was 
ripe for stirring up both the scientific world and the teaching 

world an this subject, 

Perry had already achieved a breakthrough in the field of technical 

education through the DSA's adoption of his scheme of practical mathe- 

matics from 1899, and Perry's lectures had also been published by the 

DSA [18991 (see pp. 32-33). However, he had much wider ambitions to 

extend the influence of his ideals, to elementary, secondary and teacher 

education (see p. 66). A strong general statement from Perry E1900b] 

an the teaching of mathematics was published in Nature, together with 

his scheme for the DSA, and, before the end of 19OOg a good deal of 

correspondence had been generated [Beard, 1900; Heaviside, 1900; 

Mair, 1900; Stromeyer, 19aa; Woolen, 19001. Also in 1900, a collection 

of statements from Perry [1900al on various aspects of education, with 

particular reference to engineering, was published under the title 

En_qland's Neglect of Science, and this book was subsequently given a 

sympathetic review by Minchin [19011 in Nature. Thus, by the end of 

1900, major issues in mathematical education were again rising to 

prominence in the educational and scientific literature. However, 

organized support for reform was a necessary prerequisite for the success 

of-the'. movement which had been initiated. 25 

The ineffective role of the GAAS in relation to mathematical 

education in the 1870s and 1880B has already been considered (see 

pp. 86-96). The organization of the BAAS in Sections catered primarily 

for academic rather then educational matters, the latter being treated 

25 Interestingly, the MA and the columns of the Mathematical Gazette 
remained unruffled at this time concerning these early initiatives 
for reform. 
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incidentally within particular Sections, and without adequate represent- 

ation from the school-teachers themselves. The late nineteenth-century 

efforts to form a new Section L, devoted wholly to education, have 

been considered in a paper by Collins [1979b]. Armstrong was at the 

centre of important developments here, particularly during the Bradford 

Meeting of 1900, and his campaign for a new Section Was supported by 

Perry amongst others. It was at the Bradford Meeting that Perry 

'preached his gospel' concerning mathematics teaching, though, like 

Henrici and Chrystal before him, his audience was principally composed 

of mathematicians and scientists, and his contribution was not widely 

publicized [Moylenj 1901, p. 391. However, Perry clearly saw the 

creation of a new Section L, which might co-operate with existing 

Sections, as a means of generating a wider interest in and influence 

upon both the education of engineers and mathematical education 

generally, through the BAAS. More generally, it was hoped that school- 

teachers might become more involved in the work of the BAAS, through 

its Section L, though the subsequent influence of this Section on the 

world of education remained slight [Collins, 1979, pp. 237-2411. 

The inaugural meeting of the new Section L, for educational 

science, was held at Glasgow in 1901. The business of the Section in 

its subsequent years ranged widely, and embraced various issues 

concerning examinations, curricula, and the teaching force. 26 However, 

a notable early initiative from the new Section was the arrangement of 

26 -The subject of examinations was a persistent concern of the Section 
[Champneys, 1934, pp. 25-281. Occasionally, small grants for 
research were made available to the Section. For example, a 
Committee, set up in 1911, reported on the influence of school- 
books on eyesight, in 1912 [Howarth, 1922, p. 280; BAAS, 1912, 
p. cxxxix; BAAS, 1913, pp. 295-3181. Their recommendations concern- 
ing the use of large type, particularly for younger pupils, were 
adopted by Godfrey and Price [1915, p, v] in their Arithmetic,, and, 
by 1928, the BE's 11928a, p. 211 Consultative Committee found that 
the majority of-publishers had adopted these recommendations for 
elementary school-books. 
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a joint discussion with Section A on the teaching'of elementary mathe- 

matics. Sir John Gorst, the first President of Section L, chaired the 

meetingg which began with a paper presented by Perry, who, no doubt, 

had much to do with the creation of this new platform for the dissem- 

ination of his ideas. 

Perry launched a scathing attack on the existing state of affairs 

in elementary mathematics before a distinguished audience of around two 

hundred at Glasgow [Muirheadp 1901, p. 811. Following the adoption of 

his scheme of practical mathematics by the DSA, Perry presented a 

syllabus an similar lines intended for teachers' training colleges, and 

for a general mathematical education. Perry [1901a, p*21 emphasized: 

I recommend this method, not only for classes of engineer 
epprenticesq not only for children in Board schools, not only 
for the average British boy, but for the. boys-of, very acute 
intellect ... as well 8B for the few boys ... who are likely 
to become great mathematicians. 

It should be added that he also regarded the scheme as an appropriate 

one for girls. This was a very radical conception of elementary 

mathematics at the time and it warrants reproducing in full. (See 

Illustration 9. ) Notable Innovatory features were the emphasis an 

decimals, with approximation, and the use of logarithmic tables and 

the slide rule in arithmetic; the wide use of formulae in algebra, as 

well as the study of functions and graphs using squared paper, with 

an early introduction to ideas in the Calculus; the prominence of 

practical methods in mensuration and geometry, with the deductive 

ideals of Euclid virtually eliminated; and the inclusion of simple 

trigonometry, some work in three dimensions, and vectors. Perry also 

advocated a mixed treatment of the various elements i. e. a unified 

mathematics course, and preferably correlated with science. A three-- 

hour discussion followed Perry's address, and involved, amongst 

others, Professors Forsyth of Cambridge and Hudson, of London, Sylvanus 

Thompson of Finsbury Technical College, Greenhill of the Royal 
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Artillery Colleget Woolwich, Lodge and Minchin of the Royal Indian 

Engineering College, as well as Sir John Gorst. A wide range of 

Interests in secondary and higher, technical and military education 

were represented at Glasgow, and a tension between the study of mathe- 

matics for its own sake and for its utility emerged clearly during-the 

discussion. 
27 However, there seemed to be general agreement an the 

need for more practical teaching methods, and 'general assent, even 

an the part of the "official" mathematicians, to the idea of 

"abandoning Euclid" -a notable fact' [Muirhead, 1901, p. 821. In the 

case of geometry, other countries had already abandoned Euclid, and 

the position in England was becoming increasingly untenable [National 

Education Associationp 1912, pp. 5-321. Perry's radical alternative 

threw into sharp relief the general deficiencies in English school 

mathematics, which were well summarized by Love. [1902, p; 4571, 

Professor of Natural Philosophy at Oxford, in Nature, who referred to: 

the pedantic and unpractical character of the habitual teaching 
of mathematics in schools. This character belongs both to the 
methods of presenting particular subjects and to the order in 
which the subjects, and the parts of the subjects, are studied. 
The methods and the order now in vogue are not, of course, a 
system devised purposely; they have been arrived at gradually, 
and are sanctioned by tradition.... The mathematics of most 
of our elementary text-books is felt to be almost as much out 
of touch with modern mathematics as with everyday life, 

The crisis of confidence for the mathematical community was 

further exacerbated by the growing pressure for greater utility in the 

mathematics curriculum, to serve not only the engineers, but also the 

teachers of school science, which was a 'modern' subject in the 

curriculump and one which had made considerable advances over the 1890B 

27 For a brief summary of the proceedings see Nature [1901, p. 5921. 
Perry's contribution and scheme have recently been reproduced in 
NCTM [1970a, pp. 220-2451. Greenhill [1900, p. 5841, who had 
reviewed Perry's Six Lectures 

, 
an practical mathematics sympathetic- 

ally and at length in Nature, contrasted the 'Outwit' principle 
of the practical man, exemplified by Perry, with the 'Inwit' 
principle which 'interests and commends itself to the philosophic 
contemplative mind, ' and added that 'an increasing gap is arising 
between the two lines of thought. ' 
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[Findlayg 1902, p. 1841. The situation Was well captured by Professor 

Bryan [1902p p. 901 of the University College of North Wales, writing 

in the School World: 

Formerly our schools and colleges were given over mainly to 
the study of classical and literary subjects, and mathematics 
was looked upon as a portion of an arts course. The rigid 
deductive system was undoubtedly admirably suited to the object 
then held in view. With the development of experimental science 
new teachers have been appointed all over the country for 
physics, chemistry and biology, but next to nothing has been 
done to meet the nreatly increaded demand for mathematical 
teaching thus produced LBryan's streBBJ. The same teachers who 
provided efficiently for the teaching of mathematics on the 
classical side have now thrust upon them an influx of new 
pupils having quite different requirements. The mathematical 
master is thus placed in the position of a Itweeng-maid' or 
'buffer' between opposing forces - the classical side and the 
modern side, and between these two stools it will be a great 
credit to him if he does not fall to the ground, 

As Findlay [1902, p. 1841 put it, 'The teachers of science demand that 

mathematics shall be reformed ... and they look to the British 

Association for help. ' 28 

The major difficulty which clearly emerged during the discussion 

at Glasgow was the existing requirements of examinations. As Love 

[1902, p. 4581 pointed out: 

the first step will necessarily be the conversion of examiners 
and of the bodies that make regulations for the conduct of 
examinations. The future of mathematical teaching in this 
country is in their hands. 

For Perry# the formidable tactical problem of implementing major 

change through the complex secondary examination system was high- 

lighted by W. P. Workman of the Kingswood School, Bath: 

you will have to get the local examiners, the Joint Board, the 
College of Preceptors, and the University of London all to agree 
to issue an alternative 'practical mathematics' syllabus before 
secondary schools can safely move. [Perry, 1901a, p. 771 

The American Smith provided Perry with the following penetrating 

remarks concerning curriculum change: 

The scheme is certainly better then the present one. But the 
obtaining of books, the training of teachers, the conversion of 
examiners, these are serious matters, and cannot be 

28 The relationship between mathematics and science will be 
considered further in Chapters 4 and 5. 
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accomplished in one generation. [Perryl 19018, P-911 
29 

In any case, Perry's scheme was so fundamental a departure from the 

traditional conception of elementary mathematics that there was no 

chance of it being adopted in toto for the examination of either 

intending teachers Or secondary school pupils at this time (see p. 66)0? 0 

However, the question of examinations in geometry had now again 

become a major concern. 

Although the university examining bodies generally refused to 

depart from their insistence on Euclid's order for deductive geometry 

in the nineteenth century, the DSA had taken the initiative in the 

1880s [Hitchens, 1978, p. 711. As Rumsey [1903, p, 111 pointed out in 

the School World: 

The pioneers in the movement were ... the heads of the Science 

and Art Department, who many years ago decided not to make a 
knowledge of Euclid's Elements a sine qua; nonjor securing a 
pass in geometry. 

What is more, to facilitate examining, the DSA instructed candidates 

as follows: 

Unless you expressly state the contrary, it will be assumed 
that you have read GEOMETRY in Euclid, and you will be expected 
to follow Euclid's sequence, otherwise you must state what 
text-books you have used in geometry. Ep. 111 

This was an important concession by the DSA in its pure mathematics 

papers, though the geometry remained wholly theoretical [Hitchens, 

1978t pp. 73-761.31 By contrast, the papers in plane and solid 

geometiy were wholly practical and quite separate from the pure 

mathematics [Godfrey, 1908, pp. 256-2571. The Civil Service 

Commissioners had also moved at an early stage, as regards the 

29 Smith's [19001 early methods book, The Teaching of Elementary 
Mathematics, had been given a full and enthusiastic review by 
Perry L1901b] in Nature. 

30 Perry's scheme has many reatures in common with the alternative 
Jeffery Syllabus of 1944 for School Certificate Mathematics, and 
various links will be explored in Chapters 7 and a. 

31 Questions might require the description and proof of a construction, 
but not its actual performance. 



104 

theoretical and practical aspects of geometry. For their military 

examinations during the late 1890s: 

There was a frequent admixture of drawing and mensuration 
questions with those in formal geometry; and finally, in 
1901t a regulation dispensing with Euclid's order of 
propositions was issued by the board. [Rumsey, 1903, p. 111 

Minchin [1903, p. 601 also acknowledged the early encouragement given 

to drawing and measuring by the Civil Service Commission, and added: 

even in the examination for the Indian Civil Service the 

employment of graphic constructions and measurement is now 
firmly established.... Indeed, the requirements of the Civil 
Service Commissioners are almost sufficient, without the aid 
of the masters in the Public Schools, to ensure a substantial 
change in the teaching of Geometry. 

As Godfrey [1906a, p. 761 also remarked, the military requirements as 

well as those for naval entrance 'gave a most valuable lead, ' and 

along lines in sympathy with Perry's practical ideals. 32 However, 

further initiatives and organizational developments were necessary 

before the secondary examining bodies generally adopted their 

requirements. 

Following_the discussion at Glasgow, and at the joint request 

of Sections A and L, an academically powerful Committee of the BAAS 

was appointed, with Forsyth as Chairman and Perry as Secretary. Its 

terms of reference were: 

To report upon improvements. that might be effected in the 
teaching of Mathematics, in 

, 
the first instance in the teaching 

of Elementary Mathematics, and upon such means as they think 
likely to effect such improvements. [Perry, 1901a, p. ix] 

As had been the case thirty years earlier, the Committee was largely 

composed of academics, and included Professors Hudson, Thompson, 

Chrystal, Henrici, Lodge, Minchin, Greenhill, and Gibson, the last 

mentioned of Glasgow University and the West of Scotland Technical 

College. Given the Committee's membership, with its strong 

representation of scientific, technical and military interests there 

32 See p. 58. The army requirements will be considered in more 
detail in Chapters 5 and 7. 
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would have been considerablp sympathy for Perry's motives and support 

for major reform in school mathematics. W. D. Egger, a science and 

mathematics teacher at Eton, was one representative for the public 

schoolmasters on the Committee. 33 There was considerable individual 

and collective activity before the next meeting of the BAAS, when the 

Committee reported. 

Before the end of igait Macmillan, the publishers of Nature and 

the School World,, also published in one volume Perry's Glasgow address 

and proposed scheme, details of the discussion, and a collection of 

written remarks from various interested parties, together with some 

fOrther responses from Perry [1901a]. Perry's address was also 

reproduced in full in the School World for October and November of 

19111 [School World, 1902at p*611. Perry'B volume was reviewed 

sympathetically and at length in Nature. by Love [19021. In March of 

1902, a 'Special Mathematical Number' of the School World [1902b] was 

produced, as one of a series which had already covered English and 

Science. The list of contributors is not without interest. (See 

Illustration 10. ) 
34 

In the same month, Perry [1902a] replied to some of 

his critics in a letter to, Nature. The following typifies the 

general reaction in some quarters: 

the syllabus ... is admirably adapted for a technical training. 
In practical mathematics, where mental trai g is of minor 
importance, exigencies of time will compel the teacher to omit 
explanationsl or only give'them roughly, for his chief object 
is to enable his pupils to apply mathematical results, as 
distinct from reasoning, to problems-in engineering, science, 
or kindred subjects. 

On the other hand, the average bay's mathematical education 
up to the age of fifteen or sixteen is an absolutely different 
matter. [Seardl 1900, p. 4661 

However, Perry also argued a case for his scheme (in peýoagogicel 

33 For Egger see the Appendix. Professor Love 119021, another strong 
sup 

, 
porter for Perry, also joined the Committee, which reported a 

year later [School World, 1902d]. 
34 As a major publisher oCmathematical textbooks, it would have 

been in Macmillan's own interests to encourage major reforms, 
thereby creating a new market for textbooks* 
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grounds, and, as one schoolmaster in the Journal of Education was 

quick to point out, although critics might object to Perry's scheme 

'on the ground that it is suited only as a preparation for technical 

training' they should also acknowledge that 'our present school 

course is not a preparation for anything' [Moylan, 190 11 p. 391,35 

Various individual responses in periodicals considered the 

tactical possibilities raised by the establishment of a Committee of 

the SAAS. Findley [1902, p. 1851 expressed some of his concerns to the 

College of Preceptors: 

It is useless, it is unjust, for this or any other Committee to 

try and induce examining bodies to draft new styles of syllabus 

or examination-paper before the schools are ripe for change 
but they can, and should, encourage 'freedom and veriety. 04 

Others were concerned that freedom-and variety would produce chaos in 

the schools. Under the pseudonym 'Experientia'Docett [1902, p. 1591y 

one writer in the. School World felt 'we are likely to be landed in 

what Professor Lamb called "a disastrous muddle" unless extreme caution 

is observed in the initial stages of reform. ' 37 The writer also 

remarked: 

there are many who view with apprehension the possibilities of 
wide-reaching change planned by a Committee whose members - 
however eminent in their own sphere - have for the most part 
had very little experience in teaching elementary mathematics 
to young studentB* Epp. 158-1591 

The ability of the teaching force generally to cope with major 

innovations was also questioned, and, as this writer also pointed out: 

The frequent changes in a staff of teachers have to be taken 
into account, and it is impossible to ignore all the difficulties 
and limitations arising out of a pupil's successive stages as he 
passes from one class to another through the hands of different 
teachers. Ipp. 159-1601 

By the end of 1901, the columns of the Mathematical Gazette were also 

35 These issues will be probed more deeply in Chapter 5. 
36 On the use of the special syllabus. provision in this connection see 

pp. 55-5G. 
37 Professor Lamb of Owens College, Manchester, had contributed to 

Perry 11901a, p. 911. 



107 

beginning to reflect the renewed interest in reform. 

In 1901, before the MA took any organized initiative, articles 

were published in the GazettE by Muirhead [19011, and bythe public 

schoolmasters Langley [19011, Godfrey [19011, and Siddons [19011. As 

Godfrey [1906a, p. 761 later admitted, in the Cornhill Magazine, 'The 

Mathematical Association *.. awake as one out of sleep, ' and, indeed, 

the MA was forced in 1902 to react to new circumstances created outside 

its own narrow confines. There are some interesting contrasts between 

the early reactions of Godfrey and Siddons. There was some degree of 

inconsistency in Siddons' [1901, p. 1081 reaction to Perry's scheme: 

It may be admirably adapted to the wants of training colleges, 
but seems quite impracticable for public schools, though ... 
there are several suggestions that might well be adopted. 

As with some other critics, Siddons EP-110-1111 also associated Perry's 

technical bias with an exclusive concern for 'a certain mechanical 

power, ' and inferred 'No thought is given to the development of brain 

power; in fact such a scheme would deaden all power of thinking. ' On 

the question of abandoning Euclid's sequence, SiddDns Ep. 1091 adopted 

a conservative view: 

The result would be chaos; there would immediately be ten 
thousand text-books treating the subject in ten thousand 
different orders ... * 

Given the nature of the English examination system, Siddons had quite 

rightly ruled out the possibility that a new standard order might 

generally be adopted, and, not contemplating freedom, concluded 'Why 

not then be contented with Euclid's order ... 7 Surely this allows 

enough latitude for reform' Ep. 1101. However, as Godfrey [1906a, p. 761 

observed, in retrospect: 

This question of 'Euclid's order' has been the key of the position. 
Till this was taken, no substantial victory was possible. 

Nevertheless, Godfrey showed both diplomacy and sensitivity in relation 

to the new situation, at ýn early stage. In his first contribution to 

the Mathematical Gazette, he began: 
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After Professor Perry's stimulating denunciation at Glasgow, 
many of us must be wondering how far are we really able to 
mend our ways at public schools? [Godfrey, 1901, p. 1061 

He presented his own 'Compromise; ' which had been implemented at 

Winchester during the previous eiohteen months, even given the exist- 

ing examination constraints. (See Illustration 11. ) He added, 'we 

hope that Professor Perry, in an indulgent mood, would not condemn it 

utterly"[p. 1071. Perry would certainly have supported the inclusion 

of experimental geometry, geometrical drawing and measuring; the 

emphasis an decimals, the metric system and approximationB in arithmetic; 

the varied use of squared paper for areas and graphical work in algebra; 

and the inclusion of logarithmic tables, and other tables for numerical 

work in trigonometry. Godfrey also led a collective initiative 

involving a number of younger public schoolmasters, before the MA took 

any organized steps. 

The so-called 'Letter of the Twenty-Three Schoolmasters$ appeared 

in January 1902, in Nature and the Mathematical Gazette', and in the 

February number of the School World 11902a]. 38 
In'slIctober-1901, the 

controlling Council of the MA discussed what action it might take in 

response to the initiative of the BAAS. 39 Younger public schoolmasters 

such, as Godfrey were not represented an the Council at this time, though 

Minchin and Lodge were both members of the Council and the Committee 

of the BAAS. The Committee's Chairman, Forsyth, had no BBSOCiations 

with the MA at this stage EMA, 1920a]. The MA's Council was not 

disposed to take an early lead, For example, Dr. Macaulay felt that 

fit would be better that suggestions should come from a higher quarter 

and be discussed by the Association, ' and that 'schoolmasters were not 

the best persons to suggest reforms in teaching. ' The Council 

decided that no steps should be taken for 
_the 

present unless the 

38 See Nature [19021, Vol. 65, No. 1681, Jan., pp. 258-259, and 
Mathematical Gazette [19021, Vol. IIj No. 31, Jan., pp. 143-146. 

39 mA L1932c], minute 3/10/01. 
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Association should be approached by the British Association 

Committee., 
40 

However, Forsyth had already approached Godfrey 

independently suggesting that he should forward proposals to the 

Committee [Siddons, 1952b, pp, 4-51. Forsyth had become Sedleirien 

Professor at Cambridge an the death of Cayley in 1895, and, no doubt, 

Godfrey must have gained his confidence in part as a consequence of 

a very successful academic performance at Cambridge in the 1890s 

[Siddons, 1924, p. 137; Piaggio, 1931, pp. 462-4631. Godfrey [1906a, 

p. 761 later referred to Forsyth's 'broad-minded attitude' concerning 

the needs of ordinary pupils, as opposed to future 'wranglers, ' and 

the sympathetic attitude of such a leading Cambridge mathematician was 

a further factor conducive to change at this time. 

Siddons [1902a] sketched the background to the schoolmasters' 

letter in the School World,, referring to a 'Committee of twenty-two 

masters' who had signed a letter reflecting a 'partial opinion' from 

nine different public schools. He continued: 

The 'Committee' referred to never met; in fact, it never existed* 
one of the twenty-three (for there were twenty-three) wrote the 
letter and sent it to a few of hispersonsl acquaintances (including 
myself), nearly all of whom signed it; the two or three who did not 
do so objected to details and asked for alterations to be made, but 
time did not permit. 41 

The numerical discrepancy concerning the letter is explained by the 

fact that one of the original signatories, S. T. H. Saunders of Merchant 

Taylors' School, was omitted in published versions [Siddons, 19551. 

Levett, and Langley, the letter a member of the AIGT from 1882, signed 

the letter, but the majority were public schoolmasters under thirty. 42 

The substance of this letter deserves reproducing in full. (See 

40 MA [1932c], minute 3/10/01. 
41 Siddons [1924, p. 1371 later confirmed that Godfrey wrote the letter, 

but after Godfrey's death-he claimed to have shared in Its 
compilation [Siddons, 1936, p. 19,1952b, pp. 4-51. 

42 SiddonB [1952at p. 1531. Only eight signatories were also members 
of the MA, though F. W. Dobbs (not W. J. Dobbs), Price and Tuckey 
did join in 1902 [MAI 1920a]. Hurst [19011 and O. W. Marshall 
[19021 had independently contributed to Nature concerning reform. 



the triangle into right-angled triinglc4. Only two tri. -ono. 
metrical identities should lx! iraro, luccti- 

siri2d + c00= i, and 
i! ln 0 

=tan 0. 
Cos a 

In short, the work should be arithmetic, and not algebra. 
Formal algebra cannot be postponed indefinitely ; ptihaps 

now will be the time to return to that n 'lected science. We 
inight introduce here a revision course 

Elgebra, 
bringing in 

literal ýquations, irrational equations, and simultancou,;, quad. 
ratics I liustrated by paphs, partial fractions, and binomial 
theorem for positive integral index. Side b side with this 
it ought to be possible to do some easy wor - in mechanict. 
Graphical statics may be made ver), s%m le ; if it ii; taken up at 
this stage, it might be well to I 

f, 
an experimental veti. 

fication of the parallelogram of Yorces, though some teachers 
prefer to follow the historical order and start from inachincs 
and parallel forces. Dynamics U rather more abstract ;a first 
course ought probably to be confined to the dynamics of recti. 
linear motion. 

It is not necessary to discuis any later developments. The 
plan we haveadvocated will have the advantage of bringing the 

, at a comparatively early stage within view of the elements pup" 
of new subjects. Even if this is effected ra the sacrifice or 
some deftness in handing a, b and c, one may hope that tht 
gain in interest will be a motive power of sufficient strength to ýarr y the student over the drudgery at a later stage. Some 
drudgery is inevitable, if lie is ultimately to make any use of 
mathematics. But it must be borne in mind that this will not 
be required of the great majority of boys at a public school. 

We beg to remain, gentlemen, 
Yours faithfully, 

G. M BELL, Winchester. R. Li; v%TT, King Edward's 
I-I. Ii. CHAMVION, Upping- School, Birmingham. 

ham. J. W. MAIISHALL, Charter. 
H. CRAUTPFF, Charterhouse. house. 
F. W. Doims, Eton. L. MARSHALL, ChirterhouSe. 
C. GODFREY, Winchester. C. AV. PAY.; r, "Mcichant Tay. 
H. T. florzivs, 'Merchant lors' School. 

Taylors' School. E. A. PRicr, Winchester. 
G. 11. J. HURsT, Eton. D. S. S110kT0. Rugby. 
C. II. jo. Nus, Uppingbam. A. W. SIDDONS, Harrow. 
H. H. XYMBLE, Charter. It. C StATru, Chartethouse. 

house. Il. 'C. STEEL, Winchester. 
T. KENSINGTON, Winchester. C. 0. TucKry, Chartcrhouse. 
E. INT. LANGLEV, Bedford F. J. Witipmi:, Alerchafit 

ITNIodern School. T41ors' School. 

Illustration 12 The Letter of the Twenty-Three Schoolmasters 
in Nature [19021, Vol. 65, No. 1681, Jan., pp. 258-259 



ý-rACIIING OF 'IfA TIMIMA TICS Ar 
T11" 

PUPILIC SCHOOLS. 
PlE. 1o"wing letter has been sent to the Committee Pointed lithe British Association to report upon the teaching Ofelementary mathematics. 

GENT1,111j, NI-At the invitation'of one of your own bod JvF venture t'ý ýdjcsi 
to you sonic remarks on the proble. t%' ! vlth which ou aredealing, from the Point Of view of tcachen. 

. tnýublic scilols, ! ý%' 3 109"Ids Fcometry, we are of opinion that the in Practical direction Ibr reform is towards A wide extensio lootý accurate driwing and measuring in the geometry lesson. This work is found to be easy and to intcte-sk- 110 s; while nuny teachers believe that it leads to a logical halsitYof mind more gently and naturally than does the sudden introduction of rigid deductive system. It is clear that room must be found for this work by some unloading elsewhere. It may be felt conventent to retain Euclid; but perhaps the amount to be memorised might L- curtailed by omitting all propositions cxccpt such as may sctrc-. for landmarks. We can well divpcnse with many propositionu in the first book. The second book, or whatevcr Nit of it w- may think essential, should be postponed till it is needed for 111,35. The third book- is easy and interesting; but Euclid Prove$ several propositions whose truth is obvious to all but the most stupid and the most intellectual. Thc3c propositions should be passed over. The fourth bool, is a collection of pleasant problems for geometriml drawing ; and, in many cas" the proofs are tedious and " uninstructive. No one teaches Book V. A serious question to be settled ii-how arc we ta introduce proportion? Euclid's treatment is perhaps peffecL But it is clear that a simple arithmetical or algcbraical explana- tion covers everything but the case of incommensis tables. Xo-4 
this case of incommensurables, though in truth the general czs!!, is tacitly passed over in every other field of elementary wosk- Much of the theory of similar figures is clear to intuition. Tfe 
subject provides a multitude of easy exercises in arithmetic -d geometrical drawing ; we run the t4k of making it difficult d 
access by guardinf the approaches with this formidable thtoY 
of proportion. Vc wish to suggest that Euclid's theory of" 
proportion is properly part of higher mathem. alics, and that I-' 
shall not in future form PUt Of a course Of elementary gcometry- To sum up our position with regard to the teaching of gcometrY. ý. 
%ve are of opinion- (1) Thatthcsubicct should be m2de arithmetical and practi-Al b/the constant use of instruments for drawing and measurin. -- 

(2) That a substantial course, of such experimental wol, " 
should precede any attack upon Buclid's text. 

(3) That I considerable nurnbcr of Euclid's picipositi0'" 
should be mitted ; and In particular 

(4) That the econd booL o--;: ht to be treated slightly, 
. 
at 

postponed till III.. s5, is reached. 
treatment of proportion1s unsuitable for (5) That Euclid 

elementary worl- 
well be simplified by the abolition of a 9? 1ý1 Arithmetic ns';: ht 

! nany rules which are given in text-books. Elaborate cxtrc"" 
Ir vulgar fractions, are dull and of doubtful utility * the 5'ro 
amount of time: 6'7ivc_1 to the use of decimals woull be belies 
spent. The contracted methods of mulciplýing and divi-I 
with decimals are probably taught in-most sc cols ; when tht'4 
rules are und,,, twd, there is little left to do but to apply th"e" 

arithms should be explained and used as soon is 
0 f. rjgure log 

* ing amount of practice is needed before tý potsible a sUrPs"s 
with confidence. pupil uses tables 

admitted that we have a duty to Pc1lotr- t is generally this is best discharged by Ptiavýdlc-; towards the metric system 
CcIltim etre scale and giving them. cxc'c: ": 

-all boys with 3 
-20 in veri Iec rical propositions by measurement. PcIl", 

we aI osý%var it a time when an elementary rn,,,, be", 

mati Ic uIrs w, 11 inclu e at least a term's WO91, Of such c""i" 
.II thin a measuring as arc now carried oz 

Far riment 3 VC g 
in V so Is under te name of physics- 

it is right to teach square toot as an ari ale Pro ,tr to deal with surds unless ry C33 tis t to eve rule. t IS process of working out a square 10' evahrecdo arid Iling introduction to a discourse on incor's' 
places providc., a tc able ru rhertnore, it is very convenient to 
Mensurable-5 ; 

wledge of square root in teaching 91`3 hs* 
assume a I-rio 

I 
I 

rule is needed in dealing with mean proportionals in 

." . 1r. letty. 
Cut, root isharder and should be postponed until it can be 

icular case of Iforner's method of solving as a pa! t 

, 1: ations approximatclY. 
I%L, ýin- to algebra, we rind that a teacher's chief difficulty'is 

. he ten c cy of his pupils to use their symbols in a mechanical 
Iva A boy may be able to solve equations 

. r., 
l unint Ili ent i y. 

readinesi without having even a remote idea of the 

c,, nection t%vccn the number he obtains And the equation It-- 

i nd throughout his work. lie is inclined to icpard 
". 1fted from. 

et. ,,,. chra as a very arbitrary affAir, involvi% the a%rication of a 

... nil, cr of fanciful rules to the letters otcapa. t. 
Ii this diagnosis is accepted. we shall be led naturally !o 

:, rtain conclusions. It will follow that clemcritar work in 

,,, cbfa should be made to a great c-tent arithmetical. he 

ýupil should be brouFht back continually to numerical illustm. 

wns . )f his u-crk. I'lic evaluations of complicated expressions 
t better way of a, ý and c may of course become wearisome ;. 

ý. ving this very neccmary practice is by the tracing of easy 

-raphi. Such an exercise as plotting the graph y= 2x - 4 
itnvides a series of useful arithmetical examples, which have 

-headvantagc of being connected together in an interesting way. 
S(Uny, curve-tracing tv sa valuable intcrpretation of 

o . 431 U 
Inis 

of equations. 
Exý-ricnc; 

shows that this work is 

C 
it jý, '. 

n, 

Rucýb 

casyundattractivc. 
With the desire of conccrttrating the Attention of the pupil 

,n the meaning rather than the form of Iiisalgcbraical work, 
*ac shall be led to postpone certain branches of the subject to a 
ux. neMi-at latcr stage than is usual at licescrit. Long division, 

! %. - rule 
i 
fur I I. CF., literal equations and the like will be studied 

it a pctiod whcn the meaning of algebra has been sufficiently 
x. cilcated by arithinctiaml work. Then, and not till then, will 
1i the time toattcnd to questions of alrebraic form. 

Dut it nD early stage can we Afford to forget the danger of, 
it', apie into succhanical work. For this reason it Is much to be 

uithed that marnining bodies would Agree to lay less strcss 
ý; p, n facility of manipulation in Rlgcbra. Such facility can 
4Tricrally beattatned by practicc, but proWlily At the price of 
-! ý; ninishcd interest and injurious econoiny of thou-lit. The 

01--cati; )TIal value of the subject is Sacrificed to the perrictitir or 
in instrument which in most cases I,, not destined for use. 

r. corne to particulars, we think that undue weight Is often 

ci-cn to such subjects as algebraic fractions And factors. The 
cnlY t* ypes of f3etors -which crop up continually are those of 
--a-, x2±2ax+a', and, generally, the quadwic function of 
r -Aith numerical coefficients. 

In ninst elcmuntary ali-ebra books there is a chapter on 
; Lcory of uAdfat; c equations in which a good deal of atten. 
*i.,. n is 1-. 11 to symnictric functions or roots of quadratics. No 
fjilhcr use is to be made of this until the analytical theory of 
cr, nic4 is being studied. M ight not the theory of quadratics be 
,! -1f4rtrcd until it can be dealt with in connection with that of 
cqu: uiuns of higher degree? 

Indices may be trc: Atcd very slightly. The interpretation of 
And fractional indiccs must of course precede any 

'CMJ'- to intr(xlucc logarithms; but when the extension of 
7-TAning, is grasped, it is not ncccsýary to spend much more 

01 1, . M. 1 IC subject of indices 9: we may push on sit once to the 
- of tables* 

It will be seen that out recommendations' under the head of 
-"; cbra are corollaries of two or three simple guiding thoughts, 
ýhl: object in view being-to discourage mechanical work ; the 
"Itant su' qcsted-to postpone the more abstract and formal 
'90cs ang, 

'broadly 
speaking, -to arithrritticisc the wholF subject. 

The nmission of part of what Is commonly taught will enable 
h: pupil to study, concurrently with Euclid N*I., A Certain type 
f diluted trigonoinctry which is found to be within the power 

every sensible boy. I Ic will be told what is the meaning of 
'*",:. cosinc, and tangent of un Acute angle, And will be set to 
""Ulate these functinns for a few angles by drawing and 
't-113"fernent. lie will then be shown where to rind the 

. 
ý4'ictions tabulated, And his subsequent work for Mat term will 
c`fiiiit largely in the uic of instruments, tables And common 
`-le. A considerable choice of problems is Available at once. 
Ile I'la 5 ght-angled tri. tngles, worl, sums on " heights 

i% Yta snýz lcvsc, 
" tipplot 

the grAplis o? functions of angles, And make 
llrozress in the rcneral solution of trianZici by dividing 

No. 16SI, VOL. 651 

Illustration 12 The Letter of the Twenty-Three Schoolmasters 
in Nature [19021, Vol. 65, No. 1681, Jan., pp. 258-259 
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Illustration 12. ) In the main, it was an expanded version of Godfrey's 

'Compromiset' five of the signatories being Winchester masters. The 

letter did not press strongly for the abandonment of Euclid's order, 

and one teacher felt that it contained 'many suggestions which, surely, 

all mathematical masters will gladly endorse; but are they not too timid 

in their attack upon Euclid? ' Ningdon, 19021. Otherwise , the letter 

exemplified the progressive standpoint in public schools, and this 

teacherýhcped that some scheme to replace Euclid would be forthcoming 

from the Committee of the BAAS. A writer in the School World [1902ag 

p, 621 judged that, in spite of the letter's somewhat cautious stance 

concerning Euclidt it would 'strengthen the hands of the committee very 

considerably, ' and drew attention to the fact that organized opposition 

to change had not been forthcoming. However, at this time there was 

also some criticism of the circumstances which had led to the letter's 

production. Hawkins [19021 of Haileybury College complained that 

teachers had not been officially consulted by the Committee up to March 

of 1902, which the editors of the School World confirmed, adding that: 

It was, of course, quite permissable [sic] for one of the members 
to invite a statement of views from practical school-masters; but 
the invitation and the response must be regarded as of the nature 
of individual actions, and no more than this is implied in the 
letter. [Hawkins, 1902, p. 1181 

Howevery plenty of other views were being expressed at this time 

[School Worldp 1902b]. From an advanced standpoint, Euclid had been 

exposed as logically*Amperfect. Berry [1902, p. 831 of Cambridge 

remarked 'As every mathematician knows, modern criticism has detected 

flow after flaw in Euclid's logic. ' Thus, as Bertrand Russell [1902, 

p. 1651 subsequently pointed out in the Mathematical Gazette,, the claim 

that Euclid was 'an invaluable training to the youthful powers of 

reasoning,... vanishes on a close inspection' because: 

His definitions do not always define, his axioms are not always 
indemonstrable, his demonstrations require many axioms of which 
he is quite unconscious. 
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As in the 1870s, a key question was the need or otherwise for 

some. standard order of geometrical theorems. In a paper given to the 

Association of Principals and Lecturers in Trainigg Colleges, Minchin 

[19029 p. 1021 concluded: 

I agree that there Must be some such standard, although even 
this is disputed by some reformers. I do not see how we can 
do without it, but I deny the necessity for having Euclid. 

Fletcher [1902a, p. 1031, however, in an address to the Association of 

Headmasters argued that Euclid's order was a hindrance, and added 'I 

am not suggesting the imposition of any other system; until we are free 

to experiment we cannot get at the best. ' He managed to convince this 

Association to adopt a strong resolution: 

That the Association desires to press upon the Universities and 
other examining bodies the-desirability of greater elasticity in their 

regulational and is of opinion that to insist upon adherence to 
the order of propositions in Euclid is mischievous. [Fletcher, 
1902a, p. 1021 

The MA was also goaded into action early in 1902. 

Langley [1901, p. 1051 argued in the Mathematical Gazette that 

the MA: 

should take advantage of the upheaval at GlBBgDW to press some 
of their immediate aims.... I do not ... think that we need to 
look upon Prof. Perry as an opponent but. rather as a valuable 
ally.... Our cause may be advanced considerably if we make a 
proper use of the present opportunity. 

He concluded: 

I venture to hope that some official action will be taken ... 
and that some of the younger members of the Association with 
whom the future lies will throw themselves heartily into the 
work. Ep. 1061 

The MA discussed the general question of reform at its Annual Meeting 

in January of 1902. Lodge argued: 

I think this meeting should not conclude without appointing a 
strong committee to co-operate with the British Association 
Committee and assist it in every way possible. That Committee 
has already had a valuable communication signed by 23 
schoolmastersl and has asked me to express to this Association 
its request for the fullest co-operation and advice. EMA, 
1902a, p. 1321 
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Thus the Council of the MA resolved that the first Teaching Committee 

should be established, to include Godfrey and other schoolmasters On 

the Council, as well as Minchin and Lodge, who were also an the 

Committee of the BAAS. To facilitate meeting, the full Committee of 

around thirty members of the MA was largely composed of public 

schoolmasters from the London area, with a significantly younger 

elementg as well as a number of older members of the AIGT. 
43 Thus, 

as Siddons 11924, p. 1371 subsequently acknowledged: 

The Letter from 23 Schoolmasters ... WBB the main cause of 
the appointment of the Mathematical Association Teaching 
Committee. 

With the meetings normally chaired by Lodge or Minchin, and with 

Siddons as Secretary, there was a much greater sense of urgency in the 

Committee's work in 1902 than had been the case with the AIGT thirty 

years earlier [Siddons, 1936, p. 191. The Committee's detailed 

recommendations in geometry were published in the May number of the 

Mathematical Gazette EMA, 1902c], and their progress was reported 

upon by Siddons [1902a, 1902b] in the, School World, and by Godfrey 

[1902a] in Nature. A draft had been sent to all schools listed in 

the Public Schools Vear Book. Significantly, the Committee decided 

to avoid the problem of a new order of theorems, and still followed 

Euclid's. Siddons [1902a, p. 1971 explained: 

We consider it would be unwise to propose further change at 
present than the introduction of a course of geometrical 
drawing and measurement, and the shortening of the course 
of Euclid 'by judicious omission and readjustment. ' 

Godfrey [1902a, p. 2021 referred to the report as 'an attempt, an 

conservative lines, to simplify the study of geometry and to make it 

interesting. ' He added, 'If the attempt is judged to be successful, 

now is the time to make examiners unstop their ears. ' As it turned 

out, examiners generally chose to go much further than the MA's 

Committee, and, as Godfrey [1920, p. 201 subsequently admitted: 

43 MA_[1932c], -minute__18/1/(12, and MA [1902b], inside front cover. 



L-Tl; e Ain: or Mathematics. 'We consider to be, in the 
first place, to furnish the mind with those concepts of nuri: *)er 
and form which give quantitative definiteness to all branches of 
knowledge. 

We bclieVeý that Incidentally mathematics afford a certain 
formal training of the mind, although the subject can claim no 
monopoly in this resp,, -ct. 11 -Aritawefir. (i) The method of teaching in the early 
stages should be inductive and concrete. Actual measoting and 
weighing should be introduced as early as possible. 

(2) Decimals should 6c treated as an extension of the Wi- 
, 

nary notation, their nature being illustrated by actual metric 
weights and mcasurci. 'Multiplication and division cr a deci- 
mal bya decimal would, we think, have to follow vulgar fractions. 

(3) The dccinialisation of English money and Engli3h weights 
and measures should be practised frequently. 

(4) Approximate methods should be gradually introduced 
after the treatment or finite decimals. They should be taught 
with due regard to rigidity of proof. Appreciation of the degree 
of approximation should be continually insisted upon. 

(5) If "commercial arithmetic" is to be taught at all, the 
subject-matter should receive more adequate and correct treat- 
rnetit, and the examples sbouIL: be dt. %%vn from tran.; uctions as 
they actually occur. 

IM-AI. Otbra. (i) The fou; dation of algebra should be 
literal arithmetic, " ie., algebm should at first be arithmetic 

gcncralised. 
(2) The minus sign should receive its "tended meaning from 

copious illustrations ; and illustrations, not rigid proof, should 
also be resorted to for the purpose of the " rule of signs. " 

(3) Algebra should often be applied to geometry. 
(4) Logarithms should form an important section of the sub. 

ject. We believe that the graphic method could be very usffully 
employed in this connection. 

(5) We desire to deprecate the waste of time so commonly 
practised in mere manipulation of symbols. 
. IM-Geonaby. (z) We are strongly of opinion that the ordi- 
nary deductive geometry should be preceded and continually 

by concrete and inductive work. 
(2) Whilst "mensuration" might possibly be taught In con- 

inection with physics and arithmetic, we believe that the value 
of geometry would be enhanced by practical applications of the 
propositions a3 they occur. 

(3) We feel very strongly that Euclids text is very unsuitable 
for teaching geometry, But we are impressed with the difficulty 

of abolishing its use in the face of external examinations. Under 

the circuinsiances, we can only hope that examining bodies, even 
if they iniiii: on Euclid's scquence, will allow greater lititude in 

I netbods of proof, and give grewer prominence to easy " riders" 

.. nd applications of georrictty. 

Illustration 13 The Preliminary Report of 
the AMA on the Teaching of Elementary 

Mathematics [School World, 1902c] 
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On the eve of our liberation the M. A. published a report an 
Geometry teaching, a very conservative report, as it was 
considered impracticable to secure the abolition of the 
sequence, 

--. 
This report became obsolete in 1902.... 

The Committee also reported provisionally an arithmetic and algebra 

in the July number of the Mathematical Gazette'9 suggesting various 

omissions and simplifications, more understanding, links between the 

branches, and the extensive use of graphs [MA, 1902d]. 
44 

The AMA also 

produced a statement for the Committee of the BAAS, which Was published 

in its. Circular to Members and in the School World. (See Illustration 

13. ) On the question of Euclid, the AMA adopted an attitude of cautious 

optimism, and avoided the somewhat pedantic detail provided by the MA. 45 

The Committee of the BAAS reported to Section L at Belfast in 

September 1902. 

The Report of the BAAS's Committee was published in the 

Mathematical Gazette and the School World [1902d] in 1902, and in the 

Annual Report of the BAAS [1903, pp. 473-4801, in the following yeare 
46 

It was drawn up by the Chairman, Forsyth, who began by referring back 

to the work of the BAAS in the 1870o. At that time, attempts to get 

examining bodies to adopt a new uniform scheme far geometry had failed. 

Howeverp in the 1870s the need for uniformity was taken as axiomatic, 

whereas the Committee now felt: 

44 At this time, Godfrey [1902b, 1902c, 1902d] produced detailed 
and illuminating suggestions for the teaching of the three branches 
and simple trigonometry, with the needs of preparatory schools 
particularly in mind. These articles were published in the School 
World , and not the Mathem 

, 
atical Gazette, which was still far from 

being a lively journal for ordinary school mathematics. A content 
analysis of the Gazette will be discussed in Chapter 4. 

45 W. J. Dobbs was a leading mathematical master within the AMA, and 
presented a paper on geometry in September, which was published 
in the Journal of Education [Dobbs, 19021. Here he worked out in 
some detail his visionary belief that 'considerable use should be 
made throuqhout of the idea of motion' LDobbal stress, p. 731-IT, 
building also an some of Henricils ideas. 

46 See Mathematical GazettE [19021, Vol. II, No. 35, Oct., pp. 197-201. The Gazette omitted the Appendix of two suggested schemes of 
experimental geometry, provided by Egger and Perry. 
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if the teaching is to be improved, it seems to*be a preliminary 
requisite that examinations should be modified; andp where it 
is possible, these modifications in the examinations should 
leave greater freedom to the teacher, and give him more 
assistance than at present. [School World, 1902d, p. 3891 

Thus, the crucial change of standpoint was the rejection of the need 

for uniformity, though the Committee offered some general guidelines 

for the earlier stages of geometry, including two suggested schemes.. 

As regards a propeedeutic practical course, the Report stressed: 

This practice should be adopted, whether Euclid be retained, or 
be replaced by same authorised text-book or syllabus, or if no 
authority for demonstrative geometry be retained. [p. 3891 

Thus, the possibility of retaining Euclid's order was not ruled out, 

though the Committee felt: 

it is not necessary that one (and only one) text-book should 
be placed in the position of authority in demonstrative 
geometry; nor is it necessary that there should be only a 
single syllabus in control of all examinations. Each large 
examining body might propound its own syllabus.... [p. 3901 

Furthermarep the Report went on: 

In every casep the details of any syllabus should not be made 
too precise. It is preferable to leave as much freedom as 
possible, consistently with the range to be covered; for in 
that way the individuality of the teacher can have its most 
useful scope. It is the competent teacher, not the examining 
body, who can best find out what sequence is most suited 
educationally to the particular Class that has to be 
taught. Ep. 3901 

Thus, the Committee boldly argued for freedom and variety in teaching 

geometryt and gave educational considerations a high priority, in 

sharp contrast to the academic deliberations of the 1870s. The Report 

avoided fine detail, leaving this to teachers and examiners, but 

made a number of general recommendations; 

The Report stressed the need for examinations to test more then 

just recall of textual material in geometry, and suggested the 

inclusion of practical tasks, riders, and related arithmetical and 

and algebraic exercises. Some recommendations were also made 

concerning these other two branches. Manipulative excesses and 
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unnecessary complications were deprecated, correlation between the two 

branches was favoured, as well as an emphasis an the use of tables, 

graphical methods and formulae. The Report concluded by suggesting 

that, through pruning and simplification, the curriculum could be 

broadened to include introductory elements of trigonometry, cc-ordinate 

geometry and even calculus Epp. 390-3911. Thus, there appears to have 

been a fair amount of sympathy within the Committee for Perry's 

conception of elementary mathematics, though certainly not for the 

abandonment of systematic demonstrative geometry. At Belfast, a paper 

from Siddons followed the Report's presentation,, -and a discussion ensued 

involvingl in particular, Forsyth, Perry, Eggar and Godfrey. 47 
Accord- 

ing to Siddons [19520, pp. 6-81, it was at Belfast that he and Godfrey 

were advised by Forsyth to Write a geometry textbook ignoring Euclid's 

order# as Forsyth anticipated major concessions in future Cambridge 

examinations. Siddons Ep. 81 also claimed that 'Cambridge gave the lead 

to the other examining bodies and, naturally, this caused a flood of 

new text-books., These conclusions will be shown to be rather curious, 

though they are shared by other writers. 
48 

Early reforms in technical, naval and military examinations have 

already been described (see po. 103-104). In addition, in as early as 

May of 1902, important changes in the Oxford Locals were announced in 

Nature, to come into force in 1903. The new syllabus for geometry 

stated: 

Questions will be set so as to bring out as far as possible a 
knowledge of the principles of geometry, a smaller proportion 
then heretofore consisting of propositions as enunciated in 
Euclid. Any solution which'shows an accurate method of 
geometrical reasoning will be accepted.... Geometrical proofs 
of the theorems in Book ii. will not be insisted upon. 49 

47 See note 46.. Ep. 2011. 
48 See I for example, Piaggio [1931 p. 4631, and, more recently, 

Brack 11975b, p. 311 and Howson 11973a, p. 1651. 
49 Quoted in Perry [1902b, p. 811. Godfrey [1906a, p. 761, looking 

back an general reforms, referred to the 'dreadful Book III as 
a 'slough which has engulfed so many pilgrims. ' This Book 
subsequently became 'a pleasant geometrical illustration of 
certain well-known formulae in algebra. ' 
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H. T. Gerrans of the Oxford Delegacy was an the Committee of the MA 

which chose not to depart from Euclid's order. However, he had 

presumably heard enough from school-teachers to be convinced that 

major change would not be precipitate. He subsequently remarked that 

'the universities had in the post deferred such alterations--because of 

their doubt as to whether the schools were ready for change, ' 50 

Siddons [1902b, p. 2531, however, reflected the dominant public school 

view within the MA, and claimed: 

Most teachers feel that a standard order is essential-in England, 
because boys are constantly passing from Master to master, 
besides passing from preparatory to public school, and 81BO 
because of our system of examinations. (The Oxford Local 
Authorities and the Civil Service Commission do not seem to 
consider the latter reason to be of any weight. ) 

Changes in the requirements for London Matriculation were 81BO 

announced in 1902, and discussed in detail by C. H. French [19021 in 

the October number of the School World. He noted: 

there is a marked tendency on the part of some of the most 
important examining bodies to modify their syllabuses so as to 
recognise modern methods. -This is so in the case of the Oxford 
Locals as well as the London Matriculation. so4o Cambridge still 
remains, for the most part, unmoved; but it is hardly-CDnceivable 
that this attitude will be maintained for long. [p. 3G31 

The new London syllabus in arithmetic emphasized the use of the metric 

system, contracted methods of approximate computation, and practical 

applications. The introduction of graphs and the construction and 

use of formulae were the main changes in algebra. Interestingly, 

French Ep-3651 remarked: 

Here, graphs [his stress] is the word which has caught the 
popular eye, witness an advertisement in a morning paper: 
'Wanted immediate preparation in mathematics for the 
London Matric., graphs necessary. ' 

The changes in geometry followed the lines of the Oxford 

50 Quoted by A. T. S. [1903, p. 2601, reporting an the London 
Conference of Science Teachers in January of 1903, which chose 
to consider matfiematical education in detail, and attracted 
'a larger attendance than in any previous year' [p. 2591, 
amounting to over four hundred. 
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Locals. 
51 Before the end of 1902, the Cambridge Local Examinations 

Syndicate also announced changes in their requirements which were 

publicized in Nature [Perry, 1902b] and the School World 11902e]. 

The Cambridge Syndicate had appointed a special committee, 

including Forsyth and Hobson, to consider mathematics in the Locals 

ESiddons, 1902b, p. 2531.52 Initially, late in 1902, detailed changes 

were announced for the Preliminary and Junior Locals, but for the 

Senior Locals also it Was stated that: 
I 

Any proof of a proposition will be accepted which appears to the 
examiners to form part of a logical order of treatment of the 
subject. In the proof of theorems and deductions from them, the 
use of hypothetical constructions is permitted. 53 

The syllabus covered theoretical and practical geometry, with a set 

of instruments prescribed. (See Illustration 14. ) The syllabus for 

theoretical geometry referred to the 'substance' of portions of 

Euclid, using his numbering, and there were many omissions including 

the whole of Euclid II. The requirements also specified 'Questions 

upon these theorems, easy deductions from them, and arithmetical 

illustrations! '_ [School World, 1902e, p. 4651. Specimen papers were 

published in December of 1902, and subsequently reproduced in the 

School World, 
_[1903el, 

which also published a full discussion of the 

new teaching possibilities raised by the reforms in the Cambridge 

51 French [1902, p. 3661 also referred to some of the 'numerous' new 
introductory textbooks in geometry, including Minchin's Geometry 
for Beginners, and Hamilton and Kettle's [19001 A First Geometry 
Book: A Simple Course_of Exercises Based on Experiment and Discovery. For an innovative deductive course he recommended 
Fletcher0s [1902b] Elementary Geometry, covering Euclid I-IV 
and VI. 

52 Forsyth began his association with the MA as its President for 
1903-1905, and he claimed the MA's work had helped in the reforms 
at Cambridge [MA, 1903a, p. 2591. Hobson became President of the 
MA for 1911-1913 [Piaggio, 19311. These two Sadleirian Professors 
also campaigned strongly for the reform of the Mathematical Tripos 
(see pp. 73-74). 

53 Quoted in School World [1902e, p. 4641. Euclid did not assume a 
construction in a proof unless the construction had already been 
established formally in the deductive development. Allowing 
'hypothetical Constructions' meant that constructions could be 
freely brought in as hypotheses when desirable. This was a major 
pedagogical concession. 
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Locals. 
54 The Cambridge Previous was not affected by these changes, 

though another Syndicate, again involving Forsyth, worked an reforms 

here, from the end of 1902. However, Oxford again moved before Cambridge 

in the reform of its requirements for Responsions. 

In January of 1903, the School World [1903b] announced that a 

notice signed by Gerrans, Chairman of the Board of Studies, had been 

circulated. The new regulations stated that 'Any method of proof will 

be accepted which shows clearness and accuracy in geometrical reasoning, ' 

to cover Euclid I-III, with various omissions, and allowed algebraic 

arguments in Euclid II. Given the peculiar alternative of Euclid or 

algebra in Responsions, the changes in geometry subsequently had a 

surprising effect in practice, which was described by Professor Turner 

[1912, p. 3981 in the Special Reports: 

Seeing that the new methods of geometrical teaching were designed 
to help the weaker brethren, it was expected that when they were 
introduced geometry would be preferred to algebra, But exactly 
the contrary happened; geometry Was deserted and nearly all the 
candidates chose algebra. On making inquiry I found the reason 
to be that for the purposes of passing an examination it is 
undoubtedly easier to cram a dull bay with a few facts in the 
old way (which is still unreformed in algebra) then to teach 
him how to reproduce his knowledge of geometry.... Many of the 
boys in question formerly learnt their Euclid by heart, and this 
resource has been taken from them. They now learn a few rules 
in algebra by heagý. Whether this does them much good is 
another queBtian. 

A similar kind of attitude to mathematics in the Previous was described 

by Rumsey [1903, p. 111, before changes here were also implemented: 

54 See Deakin [19031, who also provided a general review of a number 
of the ney geometry textbooks, Significantly, the Cambridge 
Schedule suggested the use of books an geometrical drawing for 
the practical geometry . though at this time most of these books 
served the technical, naval and military fields. However,, 
practical geometries with a wider appeal had also recently 
appeared, such as Eggar's [1903a] Practical Exercises in Geometry. 

55 H. H* Turner, Savilian Professor of Astronomy at Oxford, was 
presumably the IH. H. Tol who became a friend of Perry, and 
compiled his obituary for the Royal Society, which, curiously, 
was published in 1926, six years after Perry's death [H. H. T. 
(Turner), 19261. 
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16 REGULATIONS FOR GEOMETRY. 

In equal circles (or, in the same circle) (I) if two arcs subtend equal angles 
at the centres, they are equal ; (ii) conversely, if two Area are equal, theY 
subtend equal angles at the centres. 

In equal circles (or, in the same circle) (I) if two chords are cqual, they cut 
off equal arcs; (ii) conversely, if two arcs are equal, tile chords of tile arcs 
are equal. 

Equal chords of a circle are equidistant from the centre; and the couveme. 
The tangent at any point of a circle and the radius through tile point are 

perpendicular to one another. 
It two circles touch, the point of contact lies on the straight line through 

the centres. 
The angle which an arc of a circle subtends at the centre Is double that 

which it stibtends at any point on tile remaining part of tile circumference. 
Angles in the same segnuent of a circle are equal; and, if tile line joining 

two points rubtetich equal angles at two other points on tho same side of It, 
the four points lie on a circle. 

The angle in a semicircle is a riTit angle; the angle in a segment greater 
than a semicircle is-lesa than a rig It angle ; and the angle in a segment Ica 
than a semicircle is greater than a ri ht augle. 

The opposite an les of any q= tilateral inscribed in a circle are stir, 
plementary ; and tFle converse. 

le 
If a straight line touch a circle, and from the rint of contact a chord be 

drawn, the angles which this chord makes with t te tangent are equal to tile 
angles in the alternate segments. 

If two chords of a circle intersect either inside or outside the circle the 
rectangle contained by the parts of the one is equal to tile rcetanglo contained 
by the parts of the other. 0 

Proportion: Similar 2riangles. 
If a straight line is drawn parallel to one Rifle of a triangle, the other two 

sides are divided proportionally ; and tile converse. 
if two triangles are equiaii. -ýlar their corresponding sides are proportional, 

and the converse. 
If two triangles have one angle of the one equal to one angle of tile other 

and the sides Aout these equal angles, roportional, the triangles are similar. 
The internal bisector of an angle ofla triangle diVid t) ito Rifle 

internally in the ratio of the sides containing tile angle, allied 
Tpowsise 

tile 
external bisector externally. 

The ratio of the areas of similar trianglea is equal to tile ratio of t1fill 
squares on corresponding sides. 

GLASGOW . PRINTED AT THE UNIVEMITY ViX" by ROBVILT MACLIHO39 AND Co. LTD. 

15 

Illustration 15 Reformed Geometry in the 

Cambridge Previous EMA, 19o5a, pp. 14-161 



ItEGULATIONS FOR GEOMETRY. 15 

pamllel to 

Triangles and Rccliliniar FiVures. 
Tito sum of the angles of a triangle is equal to two right anfles. If the Sides of a convex on are produced in order, t te sum of the 

an les so formed is equal to"fOntirgrijht angles. fi two triangles. ijave two sides o the one equal to two sides of the other, 
each to each, and also the angles contained by those sides equal, the triangles 
are congruent. 

If two triangles have two angles of the one equal to two angles of the 
other, caach to ceacb, and also one side of the one equal to the corresponding 
side 

ýf the other, the triangles aro congruent. 
If two sides of a triangle arc eqpal, the angles opposite to these sides are 

equal ; and the converse. 
If two triangles have the three sides of the one equal to the three sides of 

the other, each to each, the triangles are congruent. 
If two right-angled triangles liave their hypoWnuses equal, and one side 

of the one c ual to one side of the other, the triangle. % are congruent. 
if two si2cus' of a triangle are unequal, the greater tilde has the greater 

lposito 
to it ; and the converim. ange o 

10 If aI the straiýht lines that can be drawn to a given straight line front 
a ýiveu point outside it, flie perpendicular is the ishortest. 

.r to opposite sides and anglo of a paral clogratm arc equal, each diagonal 
hisvetiq the para lelogram, and the diagona iil. ect one anotlier. 

If there are t1irce or more parallel hu-night lines, ; tit(] the intereclitm made 
ýy them on any iitraight line that cuts them are equal, theit the corres1mid. 
Jug intercepts on any other straight line that cuts thern are idso equal. 

A reas. 
rarallelograms on the same or equal bases and of the mune altitude are 

equal in area. 
Triangles on the mine or equal bases and of the &%me altitnile are equal 

in area. 
Equal triangles on the &-&me or equal babes are of the saine altitude. 
Illustrations and explanations of the geometrical theorems corresponding 

to the following alptiraical identities: 
k(a+b+c+... )-ka+kb+kc+..., 

(a+b)1_U2q: 2ab+b2, 
(a- b); -a-2ab+&', 
al-P-(a+b)(a -6). 

The square on a side of a triangle is greater than, equal to, or less than 
the suni of the squares on the other two sides, according as the anfle con. 
tained by those sides is obtuse, right, or acute. The difference in t ic cases 
of ineqýality is twice the rectangle contained by one of the two sides and 
the projection on it of the other. 

Loci. 
The locus of a point which is equidistant from two fixed pointm is the 

perpendicular bisector of the straight line joining, the two fixed points. 
Vie locus of a point which is equidistant front two intersecting straight 

lines consists of the pair of straight lines which bisect the angles between 
the two given lines. 

The Circle. 
A strii " -lit line, drawn from the centrc of a circle to bisect a chord which 

is not a (Tiameter, is at right angles to the chord ; converselY, the perpen. 
dicular to a chord from the ccntro bisects the chord. 

There is one circle, and one only, which pwes through three given points 
not in a straight line. 0 

Illustration 15 Reformed Geometry in the 
Cambridge Previous EMA, 1905a, pp. 14-161 
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the universities are perhaps not greatly to blame for the lack 
of, reforming spirit which has hitherto existed in their dealings 

with the examinations for poll degrees and Little Go. The dons 
know very well that these examinations, however well appointed, 
will never be taken seriously by the candidates, 

Rumsey hoped for changes soon, for otherwise $a very awkward situation 

will be created in some of our largest public schools, Ep. 111. As 

Langley [1903y p. 3591 subsequently remarked, up to this time: 

the success of reformers, though considerable, was still partial, 
in its range ... because those trained-in the great Public Schools 
who did not look forward to enter the services, might still be 
taught to regard the reproduction of Euclid's text as the 
ultimate aim of geometrical teaching. 

The Cambridge Syndicate finally reported in May of 1903, follow- 

ing six months of deliberations, and the reforms were publicized in 

Nature [1903a] and the School World [1903c] in June. Detailed 

Schedules A and 8 for practical and theoretical geometry in the Previous 

were provided, with no order imposed in the case of the latterpand the 

propositions were listed in groups. The spirit of the new requirements 

in geometry followed the lines of the Cambridge Locals. (See 

Illustration 15. ) In arithmetic, algebraic methods were permitted, 

and graphs and four-figure logarithms were brought into algebra. 

Langley 11903, p. 3591 judged that the changes in the Previous virtually 

brought to completion the success of the movement for examination 

reforms, andl furthermore, the changes affecting pass degrees had 

important implications for the schools also: 

For the pass men of Oxford and Cambridge supply to a great extent 
the teaching staff of the secondary schools.... We may now feel 
assured that this cause of geometrical stagnation has been 
removed. [p. 361]56 

By 1905, the MA's [1905a, p. 11 Teaching Committee judged that the 

geometry requirements of the Previous If arm now the standard f or the 

school teaching of Geometry in this country. ' However, thi; standard 

5G The Oxbridge Joint Board subsequently adopted the Cambridge 
Schedules Netter, 1936, p. 101, and the BE also followed the 
lines of Cambr idge -in its examinations for teacher training (see 
pp. 63-,. GG). 
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was painstakingly worked out as a culmination of activity in the 

reform of mathematical examinations, and was not a breakthrough for 

freedom from Euclid in geometry teaching, where Cambridge was far from 

being in the vanguard of progress. 'The Reform in Mathematical 

Education' was also enthusiastically publicized in the journal 

Engineering during 1903 [Correspondent, 1903a, 1903b], and before the 

end of the year the School World 11903d, 1903e] also reported major 

developments in Scotland and America. 57 
As well as creating a new 

demand for geometrical drawing instruments and aids of various kinds, 

including squared paper, examination reforms also stimulated a 

remarkable surge-,, in'-the output of new textbooks from authors and 

publishers competing in a highly competitive but profitable new market. 
58 

The output of new geometries, whether preliminary, practical, 

theoretical, or some combination of these features, was quite extra- 

ordinary in the early years of this century, particularly in the two- 

year period 1903-1904, during which there appeared around thirty-five 

per cent of the total output of first editions over the first quarter 

of this century. (See Illustration 16. )59 Many of the new textbooks 

were reviewed in the pedagogical literature, particularly in 1903, 

and the general situation in the schools around this time must have 

57 Within the chaotic English examination system some examining 
bodies remained unmoved until as late as 1905. The Law Society 
and the Surveyor's Institution still required a knowledge of 
Euclid in their preliminary examinations, until the MA took 
specific action through correspondence in each Case [Siddons, 
19061. 

58 The new practical tendencies in teaching will be explored in 
Chapter 5. 

59 Being a copyright deposit library, the British Museum [1906,1911, 
1918,1922j 1927,19671 Collection was used to measure the output 

. of! -first editions [Esdaile, 19461. Separately published parts, 
such as those provided in geometry by the hugely successful Hall 
and Stevens, and advertised in their textbooks [1904a, 1904b], 
have not been counted, nor have answers o3ý keys. The date for a book also published in parts over a period has been taken as the 
first date by which it had appeared complete in some form. The 
geometries counted include some new Euclids, in 1901, and some 
technically orientated geometries, including some treating aspects 
of solid geometry. 
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been a stimulating but confusing one for many teachers seeking new 

directions in an unprecedented--'climate of freedom. 60 
It is also clear 

that many textbooks had already been published, or were in an advanced 

stage of production, before Cambridge published its Schedules for the 

Previous in June of 1903. As has been shown, considerable energy for 

reform had been generated in the years 1901 and 1902. One other extra- 

ordinary publishing phenomenon concerned the new emphasis an graphical 

methods in algebra. 

A number of publications an graphs, the majority containing 

relatively few pages, suddenly. appeared an the market from the end of 

1902t as supplements to larger textbooks on algebra. (See Illustration 

17. ) 61 Hall's [19031 A Short Introduction to Graphical Algebra was 

compiled an a seaside holiday at short notice to Meet 8 'sudden demand. ' 

Other writers soon followed with similar contributions, but the output 

tailed off sharply before the First World War. The demand was, of 

course, stimulated by the new examination requirements, and, indeed, 

French and Osborne's [19061 contribution was entitled Matriculation 

Graphs, with London's requirements particularly in mind. 
62 The treat- 

ment of graphs subsequently became integrated within algebra textbooks, 

though there was a tendency in the early years of this century to treat 

'graphical algebra' as some new branch of mathematics. As Palmer 

[1912, p. 2351 subsequently remarked: 

60 For example, Langley reviewed many new geometries-in-the 
Mathematical Gazette during 1903 EMA, -'1933, pp. 106-1601, and 
the monthly School World's coverage was very rich. See also 

- Harrison [1903aJ in Nature and Nature [1903b]. 
61 The British Museum Collection was again used to measure the 

output. 
62 French and Osborne [19031 had already produced a similar booklet, 

three years earlier. Professor Gibson's [19041 An Elementary 
Treatise an Graphs 

, 
was an exceptionally rich treatment devised 

, -to convince readers that there was much more to graphical work 
than the narrow exercises which were being overdone in the 
schools, in preparation for examinations. Graphical methods 
will be discussed in Chapters 5 and 7. 
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Graphical work was introduced into the Algebra course as an 
instrument of teaching; it provided an effective means of 
illustration* But to many text-back writers Algebra is only 
a loose congeries of miscellaneous subjects thrown together 
for convenience' sake, and 'graphs' is but another added to the 

collection. It may be confined to a single chapter, and this 

chapter the last, as is the case in at least one well-known 
text-book.... 

Palmer was referring to Hall and Knight's highly successful Elementary 

Algebra for Schools [18851, to which Hall later grafted an his 

contribution concerning graphs, for the 1907 edition, thereby missing 
63 

many of the graphical possibilities in the rest of the book. 

Individual and collective discussion of the progress of reform in the 

early stages of upheaval accompanied the changes in mathematical 

examinations and the production of new textbooks. 

At Belfast, in 1902, Perry delivered another powerful address, 

to open a joint discussion between Sections G (Epgineering) and L 

(Education) of the BAAS on the education of engineers. Again he 

turned some of his attention to the general teaching of mathematics, 

and, given the encouraging progress already made, he looked forward 

optimistically to further achievements: 

It seems probable that at the end of another five years no 
average bay of fifteen years of age will have been compelled 
to attempt any abstract reasoning about things of which he 
knows nothing; he will be versed in experimental mathematics, 
which he may or may not call mensuration; he will use 
logarithms, and mere multiplication and division will be a 
joy to him; he will have a working power with algebra and sines 
and cosines; he will be able to tackle at once any curious new 
problems which can be solved by squared paper; and he will have 
no fear of the symbols of the infinitesimal calculus.... Five 
years hence it will be called 'elementary mathematics. ' Four 
years ago it was an unorthodox subject called 'practical 
mathematics.... I [Perry, 1903a, p. 7191 

Certainly the general trend in secondary schools was towards Perry's 

broader and more practical conception of 'elementary mathematics, ' but 

the developments were slow and complex, except in the cases of practical 

geometry and graphs. 
64 Following Findlay's [19021 stimulating paper 

63 Graphs in relation to algebra will be considered in Chapter 8. 
64 The detail will be pursued in subsequent chapters. 
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given to the College of Preceptors on the question of 'impending 

reforms, ' this group considered during 1903 some of the new possibilities, 

which could now be implemented* Lodge [1903s, 190ib] delivered lectures 

on both elementary geometry and algebra, which were published in the 

Educational Timeso and a general discussion an the former was also 

reported [College of Preceptars, 1903b]. Here, one perceptive member 

reflected upon some of the deeper factors which had contributed to 

reforms in mathematics teaching: 

the change was inevitable.... When teachers began to teach science - 
as Well as other subjects - scientifically and with more due regard 
to the pupils' share in education, when the demands of the 
laboratory and the workshop, of technical schools and colleges, 
made, -themselves feltv reform was bound to come in the teaching of 
mathematics, as of logic and languages and other subjýcts. It is 
part of a general movement. Ep. 465165 

Howeverl in the following yearv discussion had shifted to the 

provocative question 'Is the New Geometry Worth Preserving? ' [College 

of Preceptars, 19041. Here various comments were made concerning the 

apparent chaos caused by the profusion of new textbooks and the absence 

of an agreed sequence to replace Euclid's. In January of 1905, the 

MA [1905b] also heard a paper from W. H. Wagstaff an 'The New Geometry, ' 

and a discussion followed. The weight of opinion seems to have been 

against the imposition of a new standard sequence. Siddons, in 

particular, now argued: 

If they were to have the best possible order, they must not have 
a standard order. If they had such a standard order, no one 
would attempt to improve on it. [p. 1491 

Forsyth expressed his opinion forcibly: 

He trusted that neither this Association nor any body of teachers 
would ever attempt to re-institute and re-establish one definite 
order of teaching in Geometry to be mechanically imposed on all. 
Teachers now have their freedom; let them value their freedom, 
even if it brought a little chaos. Ep. 1521 

Godfrey 11906ap p. 761 was optimistic in the following year: 

65 This pa, rticular assessment will be developed in Chapter 5. 
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chaos tarries; examiners find no difficulty, and the result 
of freedom has been an effective agreement among writers of 
textrbobks as to order and content. So long as freedom is 
permitted, so long will progress be possible. 

The sequence issue, neverthelessspersisted as B prominent concern 

in some quarters, and the AMA's involvement after the First World War 

will be considered in the next chapter. 
66 Before the War, there were 

a number of organizational developments which helped forward the 

movement for reform in mathematical education, following the major 

breakthrough already discussed. The important work of the MA will be 

evaluated in the next chapter. Some other less sustained but sign- 

ificant contributions to reform will be surveyed first. 

Orqanizations in the Early Twentieth Century 

Having helped to advance the movement for geometrical reform, 

the BAAS turned to the teaching of elementary mechanics and its 

improvement,, and a Committee was established at Southport in 1903 

[BAAS, 1904, p. cii]. C. S. Jackson of Woolwich RMA 67 
and Siddons were 

members, along with a number of mathematicians and scientists, including 

Perry [1903a, p. 7191, who had remarked at Belfast, 'I am sorry to say 

that the teaching of mechanics and mechanical engineering through 

experiment is comparatively unknown. ' 

With a view to reforming mechanics teaching, Perry copied the 

main lines of his strategy at, and following, the Glasgow Meeting, 

for the 1905 Meeting in South Africa. Perry opened a discussion 

involving Section A, at Johannesburgj with Forsyth in the Chair. 

Again, Macmillan published in one volume Perry's address and reply, 

details of the discussion and a number of written remarks. The 

Committee of the BAAS had not Yet formally reported, though a Committee 

of the MA [19041 had already made suggestions in the Mathematical 

Gazette. Perry had also taken the initiative, as Secretary of the 

66 The sequence issue will also be reviewed in Chapter 8. 
67 For Jackson see the Appendix. 
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BAAS's Committee, and 612 secondary schools listed in Whitaker's 

Almanac had been approached concerning the relations between mathe- 

matics, physics and mechanics teaching. Only 187 schools replied of 

which 178 said they taught same mechanics. Two-thirds taught mechanics 

as part of mathematics and experimental physics, one-fifth taught it 

only under physics, and the remainder only under mathematics. Thirty 

per cent said that different masters taught the mathematical and 

experimental aspects. 
68 At the 1905 Meeting, the MA'S suggestions, 

with which Perry sympathized, were circulated, and, amongst others, 

Professors Forsyth and Bryan contributed to the discussion. Written 

remarks were subsequently forthcoming from Professors Worthington, 

Armstrong, Larmor, Love and Minchin, as well as Egger, Jackson, 

Godfrey and Siddons. 
69 

In the discussions concerning mechanics there 

are some interesting parallels with geometry, though implementing 

change in the farmer case proved to be much more problematic for 

the reformers. 
70 

Forsyth recalled his own experiences at school: 

I was the only bay in that particular class who was supposed 
to be prepared for mechanice. ooo I was merely given a book, 
made to read it and I learnt nothing. [Perry, 1906, p. 281 

Jackson well captured the parallels with geometry: 

The habitual omission in geometry of the experimental stage: 
renders in many cases a student's conception of technical 
terms vague in the extreme. This is now universally conceded 
and has been remedied. 

The omission of the preliminary experimental stage in 
mechanics has been far more complete than was ever the case 
in geometry. Had geometry ever been taught as mechanics has 
been often taught, we should have had editions of Euclid in 
which the cost of diagrams and the space occupied by them 
would have been saved. Ipp. 33-341 

68 Perry [19116 
1, PP-8-91, which also includes the MAI s final proposals Epp. 10-141, as well as a paper by Ashford 119061-of Dartmouth on 'The Tedchipgof'Mechanicm by Experiment' Epp. 65-741, delivered to 

-the BAAS at York in 1906, and subsequently published in the School 
World. 

69 Perry [1906, pp. vii-viii]. Godfrey by this time had moved from 
Winchester to Osborne. Perry circularized his address widely, but 
received only eleven replies. 

70 Mechanics teaching will be discussed further in Chapters 5 and 7. 
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Minchin drew attention to a major barrier to progress, namely the 

classical dominance of public schools, with their general hostility to 

the experimental methods of science Ep. 391, and Armstrong judged that 

teachers required detailed prescriptions, implemented through the 

examination system, as in the case of Perry's practical mathematics 

under the BE. He concluded 'Nothing short of compulsion will bring 

about the reforms we need in this country$ Ep. 461. However, as Ashford 

pointed out in the following year, therewere major factors to consider 

in relation to the teaching force itself. 

Ashford drew attention to the fact that mechanics at public schools 

was traditionally the preserve of the mathematical masters, before 

science teaching became established, and mathematicians-'naturally 

treated it as a deductive, not an inductive or experimental, science. *.. 

It would have implied something like a slur an the power and accuracy 

of mathematics to appeal to experiment' [Perry, 1906, pp. 65-661. The 

development of physics teaching had brought with it the introduction 

of some experimental mechanics, though Ashford added fit has been 

subservient to the mathematical treatment. &.. Noettempt is usually 

made to attack the subject inductively' [p. 661. By contrast, he 

referred to the technical institutions where 'we see exactly opposite 

methods. There mechanics is treated frankly as an experimental science; ' 

though he added pupils 'often miss the special training given by the 

public-school course of mechanics' Ep. 661. Pertinently he BBked: 

is it a Utopian ideal that these two lines should converge, and 
in their junction should admit of the development of a method of 
teaching mechanics which will provide for the three desiderata, 
a knowledge of the facts and principles of the science, a 
strengthening of the reasoning power, and a training in the 
proper way to study natural phenomena in order to fathom the 
underlying causes? Ep. 661 

Generally# the merging of these two distinct traditions continued to 

be a utopian idealo though in the very special circumstances at 



127 

Osborne and Dartmouth innovatory methods were implemented. 71 The BAAS's 

Committee did not report on mechanics until 1907, and then only briefly, 

with some of the MA's earlier suggestions reproduced. The Committee 

firstly recommended that 'Practical and theoretical mechanics ought, 

if possible, to be taught by the same person; mechanics and mathematics 

ought not to be treated as distinct from each other' [BAAS, 1908, p. 971. 

Howeverg as regards tactics to implement change, the Committee was 

silent and confined itself to idealizations, unlike the earlier 

Committee under Forsyth which had boldly tackled the reality in 

geometry teaching. The curriculum in elementary schools also attracted 

the attention of the BAAS, from 1903. 

In 1903, a Committee with Sir Philip Magnus as Chairman, and both 

Perry and AFmstrong as members, was appointed 'To report upon the 

Course of Experimental, Observational, and Practical Studies most 

suitable for Elementary Schools' [BAASp 1904, p. cvil. The Committee 

was specifically interested in the areas of science, nature study, 

domestic science, art and manual instruction, and 'practical and 

experimental arithmetic and geometry. ' as well as the correlation of 

subjects. Fact-finding was a first priority, and a letter requesting 

information was circularized and published in various periodicals. 
72 

The Committee reported on nature study in 1904, and continued its 

investigations with the aid of a grant [BAAS, 1905, pp. 352-3601. A 

fairly full Report was presented to Section L at York in 1906. 

The Committee argued a general case for the particular emphasis 

on practical methods in its terms of reference, and looked for progress 

through the reduction of class sizes, improvements in teacher training, 

and the appointment of sympathetic inspectors. The Committee claimed 

that 'It is in the teaching of arithmetic that. the greatest reform is 

71 Details of this will be pursued in Chapter 7. 
72 See Educational Times [19031, Vol. LVI, No. 512, Dec., p. 503 and 

MA [1903bJ. 
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needed' [BAAS, 1907, p. 44011 and a Sub-Committee, including Perry and 

Armstrong, reported separately on arithmetic and mensurat ion, their 

conclusions also being reported in the School World [19061. The Sub- 

Committee, no doubt influenced by Perry, chose to survey generally the 

progress in secondary mathematical education, and included extracts 

relevant to elementary schools from the earlier Reports of the BAAS, 

the MA, and a Committee of Institution of Civil Engineers. which 

reported in 1906, as well as made reference to the BE's [1905a] 

Suqgestions. There was plenty of agreement in principle at this time, 

but, as the Report pointed out with reference to the Suggestions in 

particular, 'What is now required is that the principles ... should 

be raised from the plane of pious opinion to that of actual practice' 

[BE, 1907, p. 4511. The Sub-Committee claimed 'it is well known that 

in most schools no change will be made until it is insisted upon as 

essential to efficiency, ' and that 'The futility of issuing a book of 

maxims without insisting that they shall be acted upon is obvious to 

anyone familiar with teachers and schools' [p. 4511. These were strong 

words, directed at the BE in particular, but they were not supported 

by realistic Proposals for measuring and ensuring 'efficiency, ' without 

returning to some of the evils of payment for results. Furthermore, 

the criticisms concerning published recommendations as instruments of 

curriculum change applied equally well to much of the educational work 

of the BAAS itself. This particular Sub-Committee recommended the 

use of imitation coins, rulers in metric and imperial units, balances 

and capacity measures, squared paper, geometrical instruments, and 

logarithmic tables for the higher standards; the correlation of 

arithmetic and science; and the extension of arithmetic into simple 

algebra and graphical work9 as well as practical geometry [p. 4591 . 
73 

Two years after this Report, Perry himself expressed his general 

73 These features will be more fully explored in Chapters 5 and 7. 
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frustration with the progress of reform. 

In an address of 1908, Perry complained: 

It astonishes me to see how little comprehension there seems 
to be of the proposals made by the British Association committees. 
We recommended experimental geometry with common-sense reasoning, 
and everybody seems to think we asked for a babyish use of rulers 
and CDMPBBSeS following a series of propositions. We asked for 
interesting work in weighing and measuring, and care is taken that 
all such work is made as uninteresting as possible. We recommended 
some work with graphs on squared paper, and some teachers do nothing 
but graphs, and there are dozens of school books to help on the 
craze.... Some teachers think that squared paper was invented 
merely to illustrate the solution of certain simultaneous or 
quadratic equations. EMA, 1909a, p. 131 

Perry was prone to exaggeration, but distortion of curricular objectives 

was a major problem in early twentieth-century reforms. However, as in 

the case of Armstrong, Perry appears to have taken a rather simplistic 

view of the way forward by suggesting 'it almost seems that at present 

we must impose some system of teaching so complete in every detail that 

any teacher can follow it exactly' Ep. 131. It was the MA and not the 

BAAS which played a major part from around this time in the development 

of English mathematical education, the BAAS having made its Most import- 

ant strategic contribution in the critical years 1901-1902. The organ- 

ization of the BAAS was ill-adjusted to tackle the details of school 

curricula., as Perry in particular came to realize. Before turning to 

other organizational developments, Hobson's Presidential Address to 

Section A in 1910 deserves mention, as it captured succinctly some of the 

general reactions within the mathematical community to the practical 

tendencies in mathematics teaching. 

Hobson [1911, p. 5211 granted that: 

Of late years a new spirit has come over the mathematical teaching 
in many of our institutions, due in no small measure to the 
reforming zeal of our General Treasurer, Professor John Perry. 

However, he referred also to 'some serious dangers' [p. 5211 in the 

newer practical tendencies, which in some cases had been exaggerated 

and distorted. In the case of both geometry and mechanics, Hobson 

desired a balanced treatment, recognizing the practical and experimental 
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aspects, and also the deductive aspect of the mathematician. He 

concluded that: 

a mixed treatment of geometry, as of mechanics, must prevail in 
the futurev as it has done in the past, but that the proportion 
of the observational or intuitional. factor to the logical one 
must vary in accordance with the needs and intellectual 
attainments of the students, and that a large measure of freedom 
of judgement in this regard should be left to the teacher. Ep. 5221 

He also referred to 'some signs of reaction against the recent movement 

of reform in the teaching of geometry' Ep. 5211, though he again strongly 

advocated freedom for the teacher from any uniform Bequence, which 

might be desired for examination purposes. 

Before the end of the first decade of this century, international 

co-operation in mathematical education had also developed, on an - 

unprecedented scale* The ICTM was formed in 1908, at the Fourth ICM 

in Rome, following a proposal from the American Smith [1909, p. 4651, 

who gave a paper an mathematics teaching to one Section of the Congress, 

devoted to 'Philosophy, History and Didactics. # Smith raised various 

general questions which he felt the ICM 'might profitably consider 

through the medium ofcommittees representing the leading education 

countries. ' Godfrey 119081 also gave a paper at Rome an mathematics 

teaching in English public schools, and general discussions at the 

Congress on secondary mathematical education in Germany, France, 

England, Americav Austria, Hungary, Italy, Switzerland, and Greece 

were reported by Gibson E19081 in the School World'. 74 The ICTM was 

an enterprising new departure and the various countries were required 

to appoint Sub-commissions, and to prepare reports on the state of 

mathematical education for the Fifth ICM at Cambridge in 1912. Within 

ten years, the ICTM had stimulated an enormous published output, which 

is some measure of the world-wide concern for mathematical education 

in this period. Eighteen countries published 178 reports, amounting 

74 On Smith see pp. 5-6. For Godfrey's paper, together with an 
appendix covering his scheme of mathematics teaching at Winchester 
see IGM [1909, pp. 449-4641. 
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to over twelve thousand pages. Germany's output was by for the most 

prolific, amounting to 5393 pages, with the American contribution about 

one-fifth of Germany's, and Britain's about one-Bixth [Archibald, 1918, 

p. 31.75 

For the British effort, the BE was approached and agreed to 

appoint an -Advisory Committee, to act also as the British Sub-commission. 

The British reports would then be published as Special Reports from the 

office of Special Inquiries and Reports. The Advisory Committee 

included Godfrey and AEIhford of Osborne and Dartmouth, Jackson of 

Woolwich as Secretary, as well as Greenhill, Larmor, Love, Hobson and 

Hardyv all Fellows of the Royal Society, and Gibson [BE, 1912a, p. iii]. 

Thus the schools were not directly represented on the Committee, though 

its educational sympathies were strong* In the period 1908-1912 various 

meetings were held, and the various international exchanges soon 

revealed that pedagogy was in a more advanced state on the Continent 

in comparison with England. 76 The balance between intuition and rigour 

in mathematics teaching was chosen as the first major area for 

international comparisons. Godfrey [1912c, p. 2451 became enthusiastic- 

ally involved in the work, and admitted 'To my knowledge there has 

never been anything quite an the same scale before. ' It WBB planned 

that Professor Felix Klein, President of the ICTM, should present the 

various countries' reports to open the meeting at Cambridge. Godfrey 

[1912dg p. 2921 judged Klein to be 'perhaps the most prominent among 

the leading mathematicians of our day who have devoted themselves to 

the improvement of mathematical education, ' and Klein's published 

output concerning pedagogy and teacher education was certainly 

75 The reports are held by the Library of the MA at Leicester. 
76 On the BE's output related to the work of the ICTM see pp. 41-42. 

Up to the War, the School World. Nature, and the Mathematical 
Gazette all included articles an international trends# particularly 7 Austria and PrUSBiB. The important influence on English 
thinking in algebra and calculus teaching will be explored in 
Chapters 7 and 8. 
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impressive, even before the establishment of the ICTM [Smith and 

Goldziher, 1912, pp. 15,30,40,76,831. The MA became involved in plan- 

ning an exhibition at Cambridge to illustrate all aspects of mathe- 

matical education in this country, which it appears to have managed to 

achieve with some difficulty EMA, 1912a; Abbott, 1912b]. In the build- 

up to the meeting at Cambridge, the Educational Times devoted a leader 

to a review of 'Reform in Mathematical Teaching' [College of Preceptars, 

19121. Reports from the Various countries, amounting to around nine 

thousand pagesp were presented at Cambridge, and Jackson [1912a, p. 3851 

referred to the value of the ICTMIs work in the following terms: 

The problem of combining a coherent and logical scheme of 
mathematical education with due attention to the average boy 
and to the value of topics arising from familiar daily life 
in developing interest and an appreciation of accuracy, is a 
difficult oneq but is in process of solution. The labours of 
the Commission - in particular of the German and American 
contributors - have forwarded the process of solution in 
many details. 

The recent emphasis on 'intuition and experiment' formed part of the 

solution, and Smith [19131 summarized the interpretations and trends 

here in Austrial France, Germany, Switzerland, America and England, 

drawing upon the quantitative data in various presented papers, 

including one by Godfrey [1912b] concerning English secondary schools. 

Pe4agogical papers for the ICM at Cambridge were also given by the 

mathematician and philosopher Alfred North Whitehead [1913a] an 

general aims, by Nunn [1913a] on calculus in schools, and by Carson 

[1913a] on mechanics teaching. 77 Both the two volumes of Special 

Reportsp which comprised the British submission far the ICTM, and the 

work of the Commission generally, were well publicized at this time, 

in meetings and periodicals. 
78 Specific American contributions, up 

77 A pamphlet describing Carson's [1912s] innovatory Scheme of 
Mathematical Teaching in Tonbridge School was also exhibited at 
Cambridge- For Whitehead see the Appendix. 

78 For reviews of the Special Reports in the School World see Dale 
[19119 19121 and the School World [1913a], and in Nature see Mair 
[1912a, 1912bg 19133e For the work of the ICTM see Jackson [1912a, 
1912b], Godfrey [1912c], Abbott [1912c], and Nature [19121. 
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to 1918, were mentioned in Chapter 1 (see p. 6). The arrangement 

chosen for Smith and Goldziher's [19121 international bibliography is 

not without interest. In addition to sections on the traditional 

branches of mathematics, there are sections devoted to descriptive 

geometry and geometrical drawing, graphs, logarithms and the slide 

rule, the function concept, the correlation and applications of 

mathematics-, the history of mathematics in teaching, and the prep- 

aration of teachers of mathematics, Many of these international 

interests in mathematical education were shared in England, and will 

be explored in subsequent chapters. The extent of the German con- 

tribution to the entries in this bibliography is also a notable 

feature, and one specific contribution to the huge German output for 

the ICTM deserves mention. 

The British Special Reports, being two collections of papers from 

over forty different authors, were felt by some other countries to 

provide only illumination for local parts of the system, whereas more 

global and objective overviews would have proved more valuable for 

purposes of international comparisbn. Accordingly, a young German 

teachert Georg Wolff, was given the task of filling this gap, with 

reference to secondary education. He came to England in 1913, and 

his findings were published two years later as a lengthy report, in 

German, including much historical detail and penetrating analysis of 

English conditions, [Wolff, 19151.79 As the American Archibald 

[1918t p. 601 remarked: 

To anyone outside of England this work has met a great need 
because of the inadequacy of the reports published by members 
of the International Commission from the United Kingdom. 

Wolff's Report is certainly a very valuable source for the curriculum 

historian. 

79 For a tribute to Wolff, who died in 1977, see Fletcher 119781. 
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The work of the ICTM continued into the War years, the British 

effort being sustained by the MA, who formed a small committee, 

including Godfreyo to continue the work, after the BE withdrew its 

financial support in 1914 [MAI 1914a]. For the meeting at Paris in 

1914, the areas of calculus in schools and mathematics in higher 

technical education were chosen for investigation. A framework of 

questions concerning calculus teaching was prepared by the ICTM EMA, 

1914b], and Godfrey [19141 again undertook the necessary investigations 

in Englandq with the co-operation of nearly one hundred public schools. 

At the meeting in Paris it was decided to take the work of comparison 

into the field of teacher training. It was felt that this move would 

'constitute in a certain sense the crown of the labours of the 

commission' [Archibald, 1918, p. 41* A questionnaire was again prepared, 

but only two reports based an it were published during the War, by 

Germany and Belgium. However, using largely the evidence gathered up 

to 1914, the Americans continued this work and reported on elementary 

and secondary training in various countries, including England Nandel, 

1915; Archibald, 19181. Because of the War, the Sixth ICM was cancelled, 

and the first Congress after the War, in 1920, showed little concern 

for pedagogical questions* The ICTM did not resume its activities 

until 1928y at Bologna [Howson, 1973a, p. 1801. The work concerning 

teacher training was resumed, with a revised questionnaire issued to 

those countries who had not previously reported. The teacher-training 

field was surveyed at Ztrich in 1932, the reports being published in 

the following year in LIEnseignement Mathematique'. 80 The early momentum 

of the ICTM had clearly been lost, partly as a consequence of the War, 

though in any case much of the planned work had already been completed. 

The ICTM was a pioneering venture in international co-operation in 

mathematical education, the scale of the published output it stimulated 

80 NCTM [1939, p. 41. The brief English contribution was also 
published in the Mathematical Gazette, 

'EMA, 
1932b]. 
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is very impressive indeed, and this material is of considerable value 

for the historian of curriculum change. Its work was largely an 

exercise in evaluating the progress of reform, undertaken whilst many 

countries, including England, were still in a transitional state in 

mathematical education. Granted the choice of Cambridge for the first 

meeting, and the publicity given to the ICTM in England, most teachers 

would still not have been affected, and were certainly not involved 

in its deliberations. In particular, the scale, character and timing 

of the published output would have limited its influence on classroom 

practices. However, the ICTM did facilitate the dissemination of 

some ideas from other countries to England, through the Involvement of 

innovators such as Godfrey in particular. 
81 

A very different venture 

which operated at a local level in this country remains to be considered. 

On the initiative of Carson, an Association of Teachers of 

MathematiCB for the South-Eastern Part of England was formed in 1911. 

It was quite independent of the MA, and intended to embrace all types 

of school in the area around Tonbridge School, a public school in Kent, 

where Carson was the Head Mathematical Master. 82 As he emphasized in 

the first editorial of the Journal of the Association: 

In so far as any type of school or teacher is unrepresented among 
its members, in so far will it fail in its object of asserting 
the unity of purpose which should animate all those who teach 
the subject.... England is almost alone in preserving an 
unnatural separation between the professed mathematician and the 
teacher of Elementary Mathematics. [Carson, 1911, p. 11 

In the first year there were forty-six members, with Carson as 

Chairman, and altogether eight from Tonbridge School itself. (See 

Illustration 18. ) The Inaugural Meeting was held at the School, where 

Whitehead delivered the first Presidential Address an *The Place of 

81 See note 76. 
82 Tonbridge was also an tnnovative school in the field of elementary 

science teaching [Jenkins, 1979, p. 321. The Association's creation 
could be regarded as a local response to the relatively narrow 
range of work and influence of the MA over the first decade of this 
century. The gradually broadening scope of the MA will be 
considered in the next chapter. 
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Elementary Mathematics in a Liberal Education. ' 83 Given Carson's 

sympathies, and the fact that mistresses f ormed half 'the membership, 

his opening remarks must have struck a rather discordant note: 

The subject of my address to-day is the consideration of the part 
which the elements of mathematics should play in a liberal 

education for the-generality of boys up to the age of nineteen. 
The boys I mean are, of course, those who are capable of a 
liberal education.... I exclude the residuum of boys, and am 
thinking of those only with fair brains and decent interests. 
Happily for England these constitute the great majority of the 

ordinary students who pass on to our Universities. Whitehead, 

1911a, p. 21 

Three numbers of the slim journal were planned for issue each year, 

and in the second number Carson 11912b] publicized the Congress at 

Cambridge, and pressed for the need for an increased membership: 'The 

Association cannot fulfil the programme which has been suggested if the 

number of members is less than one hundred. t In the same year, Jackson 

[1912b] gave a paper to the Association on the work of the ICTM, and 

the Special Reports were publicized in the Journal of the Association 

[1912, pp. 31,42-431, which also included a stimulating paper by Carson 

E1912c] an the teaching of elementary arithmetic. 
84 However, Carson 

[1912d] expressed some concern over the future value ofthE Journal which: 

can only become of real use if it is used by members for 
correspondence and the discussion of problems.... The low 
standing of the teaching profession in this country is in 
part due to the fact that the body of teachers has been 
inarticulate, and it rests with teachers themselves to 
remedy the defect. 

Carson left Tonbridge in 1913 to take up a Readership at the 

University of Liverpool, but he continued for a short time to have 

links with the Association. Bell, with a monopolyofcover advertising, 

published the Journal at a reduced price from the fifth number and 

Carson continued to contribute with papers an 'Mathematics and the 

Ordinary Man, E1913b] and 'The Use of Technical Terms' [1914a]. 

83 Whitehead produced a number of papers an similar lines up to 1917. 
84 For parts of Carson's paper See also Price [1976b]. The papers 

in the Special Reports could be purchased separately. 



137 

However, in 1914 he ceased his active connection with the Association 

and commented: 

The existence of the Association is now fully justified, and 
it has every prospect of an active career which will be of real 
profit to its members. [Carson, 1914b, p. 21 

However, Carson appears to have underestimated the importance of his 

own towering contribution to the health of the Association. As Proctor 

[1914, p. 119 the new editor of the Journal remarked: 

Mr. Carson having, unfortunately for us all, severed his active 
connection with the Journal,. the Committee had to find a- 
successor.... The difficulty of following such a man as Mr. 
Carson will be obvious to all members.... Mr. Parson was such 
a host in himself that he could fill the Journal without 
assistance.... 

The eighO number of the Joarnal was the last, and it seems that 

the Association's activities did not survive the War. 85 
Thus it was 

a short-lived but innovatory contribution to the local organization 

of teachers of mathematics in this country. The national and local 

contribution of the MA to the reform of mathematical education is the 

subject of the next chapter. 

a5 Trapp [1958, p. 1581 lists the Journal, with dates 1911-1914, and 
only eight numbers are bound together in one Volume held by the 
Library of the MA. 
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Chapter 4 

The Mathematical Association 

The MA, which started as the AIGT in 1871, was the first of the 

secondary school subject associations to be formed, Over twenty years 

were to elapse before the next group of subject teachers, the Modern 

Language Association, WaB formed, in 1892, principally to advance the 

status of modern languages teaching, at a time when Classical studies still 

dominated the curriculum in many schools [Schoolmasters Yearbook,, 1905, 

p. 2181. The Geographical Association of public schoolmasters was formed 

in the f allowing year, and its membership was broadened in the early years 

of this century [pp. 221-2221. Science masters in public schools were the 

next to organize themselves, as the Association of Public School Science 

Masters (APSSM), following initiatives in 1900, though the membership was 

not broadened to embrace other secondary science masters until 1919 

[Schoolmasters Yearbook, 1926, p. 311.1 The APSSM shared the Mbdern 

Language Association's concern for the subject's status, as well as for 

pedagogy. In 1903, the Classical Association was constituted, and this 

development was principally a response to the growing threat of modern 

languages, science, and practical subjects, to the status of classics in 

the curriculum [Schoolmasters Yearbook, 19a5, pp. 225-2261. The Historical 

Association was f armed in 1906 , andf inally , the English Association was 

formed in 1907 [Gordon and Lawton, 1978, p. 1721. 

By 1915, Webb [1915a, p. 141, in her general survey of teachers' 

organizations, judged that: 

the advancement of the technique of classics, history, English or 
mathematics is not exclusively, or even primarily the duty of the 
Head Masters' Conference or the N. U. T., but of the Classical 

Women science teachers formed a separate organization, which did 
not merge with the renamed Science Masters' Association until as late 
as the 1960s [Jenkins, 1979, p. 711. The School Science Review of the 
Association, started in 1919, published iews of some mathematical 

_, _textbeaks. 
For sources concerning the history Of associations for 

science education see Jenkins [1980, p. 581. A detailed historical 
study by Layton is currently in preparation* Links between the 
APSSM and the MA will be discussed later in this chapter. 
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Association, the History Association, the English Association, 
and the Mathematical Association respectively.. ** 

It should be added that status as well as technique might be involved, 

and that in a period of major change, such as was discussed in the 

last chapter, it is important to look well beyond the confines of an 

established subject teachers' association for the important organizational 

developments. 

To date, there has been no detailed study of the contribution of 

the MA to mathematical education in its various aspects. Siddons [1936, 

1948,1952a, 19561 has produced a number of sketches of the work of the 

AIGT and the MA, which give a rather narrow inside view, from one public 

schoolmaster. More recently, and prompted by the recent Centenary of 

the MA, Cambridge [1971b, 1971c, 19721 has also produced brief accounts, 

though, given his close affiliations to the MA, he has deliberately 

avoided any appraisal of its work. However, he has valuably summarized 

much factual material drawn from the Reports of the AIGT and the 

Mathematical Gazette. 2A 
valuable Index to the Gazette for the period 

1894-1931 has been produced, including some helpful classification by 

content as well as author EMA, 19331. Also, various special numbers 

of the Gazette, include historical material, reprints of earlier contri- 

butions, and portraits of eminent members CMA, 1913a, 1929a, 1948, 

19711. Finally, in addition to the Archives, the splendid Library of 

the MA should be mentioned for its rich holding of primary sources, 

particularly mathematical textbooks. 3 

Co m6r-idge [undated], held In the Archives of the MA at Leicester, 
which contain much valuable source material, though it still needs 
to be sorted and classified. I am grateful to Mr. Combridge and 
Mr. Gray, Executive Secretary of the MA, for this information and 
their co-operation. 

3 For the history of the MA's Library see Goodstein [19741. The 
Library thrives upon the donations of members, particularly an 
their death, and, notably, Godfrey's complete collection is 
included as part of the Godfrey Memorial EMA, 1924al. A published 
list of the Library's contents is now somewhat dated [MA, 19621. 
The whole collection has recently been completely re-classified 
and catalogued with the rest of the books in the Library of the 
University of Leicester. 
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The rather narrowly focused nineteenth-century work of the MA's 

predecessor, the AIGT, and its limited achievements, were discussed 

in the last chapter (see pp. 88-95). Following its disappointments as 

a pressure group in the 1870s and 18809, the AIGT in the 1890s was 

uncontroversial in its activities, and, as the MA around 1900, this 

group became caught up in a new state of agitation for reform, to which 

it eventually responded (see pp. 107-113). There followed various 

developments in the organization of the MA as it again adjusted itself 

to the role of a leading body in mathematical education. Its early 

twentieth-century work in relation to preparatory, public, other 

secondary, and girls' schools, as well as elementary, technical, 

teacherg and science education will be considered in this chapter. 

One feature of the organization of the MA was the publication of its 

own organ, the Mathematical Gazette, from 1894. The content of the 

Gazette provides a useful indication of the concerns of the Association, 

and will be considered first. 

General Organizational Developments 

The first quarto number of the Gazette appeared in April of 
4 

1894, with three issues in each year to the end of the century. The 

first editorial declared that the journal was intended to act as one 

means for the dissemination of ideas in teaching, and added: 

we intend to keep strictly to 'Elementary Mathematics: ' while 
not absolutely excluding Differential and Integral Calculus, 
our columns will, as a rule, be devoted to such school subjects 
as Arithmetic, Algebra, Geometry, Trigonometry, and Mechanics. 5 

4 From 1896 the Gazette was issued in octavo, with six numbers 
annually from 1900 to 1931. From 1932, under a new editor, the 
print size was increased, with five numbers annually, though it 
was intended to maintain the average yearly content [MA, 1931a]. 

5 Langley [18941. The front cover of the first number is repro- 
duced in MA [1948, facing p. 971. Langley edited the first six 
quarto numbers. Between 1896 and 1898, F. S. Macaulay, F. W. Hill, 
and W. J. Greenstreet shared the editing, which was then taken 
over for thirty years by Greenstreet EMA, 1933, p. xj. Macmillan 
published the first six numbers only, and Bell took over 
subsequently. 
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Illustration 19 shows the extent to which the Gazette concerned 

itself with matters related to mathematical education', up to 1930, and 

includes correlation with other subjects, examinations, teacher 

education and educational research. The other main features in this 

period were book reviews, mathematical notes and articles, problems 

and queries, and historical articles. 
6 The graph clearly shows that 

the extent to which the original editorial intentions became realized 

in the content of the Gazette varied considerably. T. A. A. Broadbent 

[1946, p. 1881, who edited the journal from 1931, referred to the period 

igoo-1914 as 'perhaps the golden age of the Gazette, ' adding that the 

_Ee period 1918-1930 'shows a less bright and vigorous Gazett I Ep. 1881. 

Certainly, the greatest curricular emphasis comes in the earlier period, 

with a small peak between 1901 and 1904, stimulated by the developments 

already discussed, and two much larger peaks between 1907 and 1920, 

separated by the War years. 

Illustration 20 shows in more detail the way in which the various 

main features of the Gazette were distributed. Notably, up to 1900 the 

major feature was the publication of examination and other problems, 

and their solutions, following the practice of the older Educational 

Times [Archibeldl 1929, pp. 396-3981, and various early English mathe- 

matical serials. Thus, in 1901, an Eton master referred in Nature to 

the possible future role of the MA in reform in the following terms: 

it is a large problem which it has to face, and it is to be 
hoped that its publication will not fall too much into the way 
of merely publishing solutions of interesting and sometimes 
recondite conundrums. [Hurst, 1901, p. 3711 

Similarly, Bryan [1902, p. 891, in the School World, referred to the 

Gazette as a 'hardened sinner' in its partiality for 'pigs in clover' 

riders, 
7 

and he quoted the following as an example: 

6 The Gazette 
, 

also included occasional obituaries, plus notices and 
details of the MA's business. Correspondence was never a strong 
feature in this period. 

7 'pigs in clover' was a game of marbles rolling on a tilted board 
into recesses or pockets. 
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. 
'ABC 

ýis a triangle; three geese whose masses are proportional to 

b2 +C 
2 

-8 
29c2 

+a 
2_b2 

Ia2 +b 
2_c2 

, set out to walk along the sides with 

velocities proportional to sin 
3 B-sin 3 C, sin 

3 C-sin 3A 
and sin 

3 
A-sin 3 B; 

prove that the locus of their centre of gravity is given by the 
trilinear equation.... I (some complicated formula no doubt) .... 
[Bryan's parenthesis] 

This feature of the Gazette faded rapidly in popularity with the growth 

of interest in curriculum development after 1900, and become virtually 

extinct after the publication of a special-set of solutions to problems 

in the Gazette during 1907 and 1908.8 

Unlike Nature and the School World, the Gazette was not used as 

an instrument in the early agitation for reform at the turn of the 

century, discussed in the last chapter (see pp. 97-106). Illustration 

19 shows that there was some, but not a great response in the columns 

of the, Gazettel in the period 1901-1904. Significantly, in 1906, the 

pditor was prompted to make an appeal for a shift in the journal's 

character towards a greater concern for pedagogy, and he requested suit- 

able articles and discussions for publication [Greenstreet, 19061. 

Furthermoret when Bryan became President of the MA for the years 1907-ý- 

1909, he vigorously pursued the general issue of the balance between 

mathematical and pedagogical concerns, 

In his first Presidential Address an 'The Neglected British 

Teacher. A Plea for Organisation in Mathematics' Bryan [1907s, p. 281 

admitted that within the MA's membership: 

the greater proportion ... are mathematicians who are qualified 
to benefit our Association by the contribution of papers to our 
Gazette, and by the expression of their opinions on questions 
connecied with the teaching of mathematics; and the large body 
of mathematical and science masters who would derive benefit 
from joining our ranks do not appreciate the advantages to be 
derived from membership. 

As Bryan Ep. 301 pointed out, one problem was the MA's journal, for 

schoolmasters were being 'frightened off by the somewhat forbidding 

8 See Mathematical Gazette [19071, Vol. IVj No. 63, April; [19081, 
Vol. IVI No. 68, Jan.; (19081, Vol. IV, No. 75, Nov. 



143 

appearance of certain papers published in the Gazette. ' At this time, 

Bryan [1907b] also gave a bold paper on 'The Future of the Mathematical 

Association' to which there were a number of reactions. One member 

complained about the Gazette: 

with the exception of the reports and discussions of the reports 
of the committee for the reform of Elementary Mathematics, I have 
rarely found anything of general interest. The whole Gazette, it 
appears to me, is taken up with special solutions of problems of 9 too advanced a type for the ordinary mathematical work of a school. 

Bryan [1907b, p. 761 well captured the situation to which he felt 

the MA ought now to respond more positively, by promoting discussion 

and the dissemination of innovations an a much greater scale than 

hitherto: 

I have never been sanguine, that the so-called $reform of 
mathematical teaching' would leave us much better off than we 
were before, and the present is an opportune time for discussing 
such questions. Personally I consider that reform of teaching 
means something more than mere tinkering with syllebusesp the 
publishing of school geometries, and the writing off of publishers' 
losses an the innumerable Euclids that came out just before the 
change. The teaching of algebra is at present in a hopeless chaos.... 

The change in the character of the Gazette from around 1907, which 

Illustration 19 shows, reflects the significant response of the MA to 

the needs of the situation. In the period 1907-1914 a number of 

stimulating papers and discussions an various aspects of elementary 

mathematics teaching were published in the Gazette,, including major 

contributions from Godfrey and Siddons an algebra, Perry and Forsyth 

an correlation with science, Carson an aims and general pedagogy, and 

the young Durell on arithmetic and early calculus teaching. 10 In this 

period up to the War, the content of the Gazette indicates that there 

was particular concern for the teaching of algebra and simple trigono- 

metry, and much interest in the possibilities of teaching calculus to 

9 C. H. Blomfield in Bryan 11907b, p. 751. 
10 MA [1933, pp. 8-91. After 1920, Durell became an enormously 

successful school textbook writer for Bell, covering all the 
branches, and combining with various other writers, including 
Palmer, Wright, Fawdry, Siddans, Tuckey and Robson [Bell, 19341. 
For Durell see the Appendix, 
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non-specialists, partly stimulated by the work of the ICTM. Illustrations 

19 and 20 also show that during the 1920s there was an overall decline in 

curricular interests, and an increase in the mathematical content of the 

Gazette. Indeed, a discussion on 'The Proper Function of the Mathematical 

Gazette' was held in 1926, and, whilst there was some concern that the 

mathematics was taking over, there was not the urgency to shift greatly 

the emphasis, as had been the case twenty years earlier EMA, 1926al. 11 

The chengingý-charscter of the Gazette also affected the membership of 

the MA, and developments here will now be considered. 

Illustration 21 shows the growth in the membership of the Association 

up to 1930.12 The graph shows the slow rate of growth for the membership 

of the AIGT from 1873, after the initial gains, and a first surge in the 

membership of the MA after 1900 when 'Teachers feeling the necessity of 

being in touch with the new movement, joined the Association in consider- 

able numbers' EMA, 1913s, p. 271. However, the growth rate was not 

sustained in the years 1905 and 1906, which were quiet ones for the MA. 

The Council of the MA admitted in 1906 that it 'has very little to 

report concerning the year 1905. It has been very quiet, and barren of 

eventB-' EMA9 1906, p. 2811. Greenstreet [1906, p. 2831 pertinently 

remarked: 

We are--not- sure that this may not be meant for a piece of 
biting criticism, suggesting that though more remains to be 
done we have not done it. 

11 Ten years later, Siddons [1936, p. 251, who was the first school- 
master to be elected President of the MA, referred in his 
Presidential Address to 'grumbles that the Mathematical Gazette 
is too "high-brow" and does not perform the function for which it 
was started, ' and to the 'fear of highbrow criticism' Ep. 261 as 
a factor inhibiting the production of articles an elementary 
mathematics teaching. 

12 The data was taken from MA [1920al, Siddons [1948, p. 1601, and 
Combridge [undated, pp. 16-171. From 1904, the figures were given in the Annual Reports of the Council, published in the Gazette. 
Detailed data could not be found for the years 1888-18§"G-, -though, 
according to Siddons 11948, p. 1601 the numbers were 'generally 
between 180 and 190,1 and see also Wolff [1915, p. 601. 
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As well as drawing attention to the shortcomings of the Gazette 

as a journal for school-teachers, it was Bryan who also did much to 

sustain the membership's growth rate in the period 1907-1914, by draw- 

ing attention to other important contributory factors. In addition to 

the burden of subscription, Bryan [1907a, p. 301 referred to the MA's 

general image as one factor deterring a master from joining, because 

'He has not regarded membership of the Association as suitable for 

"the likes of him. "' Moreover, 'He has never had the Association 

brought before his notice in such a way as to make him think of 

joining it. ' Thus, in 1907, the Council agreed to circularize colleges 

and schools of various grades, to draw attention to the benefits of 

membership. 
13 Bryan Ep*311 also pressed the MA to broaden the char- 

acter of its membership, as well as increase its size, since: 

it is important that the body responsible for framing or adapting 
recommendations should be representative, and should include all 
those who are affected by the proposed changes. 

To further this aim, Bryan pressed for the establishment of local 

Branches of the MA, to facilitate discussion involving teachers from 

all types of school. He showed the way forward and became President 

of the first such Branch, formed at Bangor in 1907. The Gazette 

announced: 

there is reason for congratulation in the fact that the Branch 
has been formed for 'the discussion of matters relating to the 
teaching of mathematics in schools, etc., of all grades 
[original stress]. ' Here is an important link in the long chain 
that has yet to be forged before the teaching profession in this 
country becomes one organic whole. 14 

Bryan [1909, pp. 44-451 further publicized the need for Branches 

in his last Presidential Address. In 1909, regulations were produced, 

and the possibility of affiliation for the newly formed Southampton 

and District Mathematical Society was pursued EMA, 1909b, 1909c]. 

13 MA [1932c], minutes 10/4/07,31/3/08. 
14 MA [1908a]. There are parallels between Bryan's thinking and 

initiative, and Carson's in the South-East (see pp. 135-137). 
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In 1910, the first meeting of the large London Branch of the MA was 

held at the Polytechnic, Regent Street, with Jackson as President, and 

Nunn and Abbott as two of the officers EMA, 191aal. Over two hundred 

were present for a discussion of the BE's 11909al important Circular 

711 on geometry teachingg which was opened by Siddons, and, in particular, 

included contributions from Nunn and Carson [MA, 1910b]. In the same 

year, the first Australian Branch of the MA was established at Sydney 

[MAI 1911a, p. 171. A number of other Branches were formed after the 

War, and by 1930 there were twelve in existence, including three in 

Australia [MA, 1930bp p. 3G]. The development of local Branches Was 

an important element in the broadening of the MA's influence. The 

development of the MA'B central organization also showed increasing 

flexibility over the early twentieth-century period. 

Up to 1900, the business of the MA was conducted by a governing 

Councilp which reported at the Annual General Meeting, held at the 

beginning of each year. Committees generally worked very slowly, most 

of the groundwork being undertaken by one or two individuals, and there 

15 
were no local Branches [School World, 19041 . The background to the 

establishment of the first so-called Teaching Committee, in 1902, Was 

discussed in the last chapter (see pp. 111-113). This Committee 

represented only the interests of public schools for boys, though some 

younger and forward-looking teachers were involved, and, in particular, 

Godfreyj Siddons, Barnard and Tuckey also became involved with the 

work of the Council from around this time. 16 The new Committee worked 

energetically in 1902, though along conservative lines in the case of 

geometry, which was the major concern at this time. However, the 

15 As a pioneering subject teachers' association in the nineteenth 
century, the MA lacked suitable existing organizational models 
upon which to build. Possibly the BAAS provided some inspiration 
here, in spite of its different objectives. 

16 MA [193209 minute 4/11/02. Around a quarter of the twenty-nine 
members were under thirty [Siddons, 1952a, p. 1541. 
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interests of the MA and its Teaching Committee widened sufficiently 

over the next ten years to warrant a complete overhaul of the structure, 

In 1912y the new circumstances were summarized thus: 

In view of the growth and development of the Association in recent 
years, and the wider interests which it now represents, it is 
desirable that the Teaching Committee should be re-conBtituted an 
a broader basis. EMA, 1912b, p. 1991 

The new regulations provided for a General Teaching Committee and 

three Special Committees, for Public Schools, i. e* schools in the 

Public Schools Year Book, Other Secondary Schools for Boys, i. e. boys' 

secondary schools not in the Public Schools Year Book, and Girls' Schools. 

The final constitution of the General Committee provided for represent- 

atives from these three types of school, as well as from preparatory 

schools, technical schools, teacher training and the universities [MA, 

1914c, p. 111. The new structure certainly represented a considerable 

advance in ten*,, years, though the activity of the new Committees was to 

some extent hampered by the War. A further modification was introduced 

from 1923, when the needs of public and other secondary schools., were 

merged in one Committee for boys' schools, a separate Committee still 

catering for girls' schools EMA, 1921, p. 2261. 

The various committees of the MA produced an impressive number 

of reports an different aspects of mathematical education over the 

first'quarter of the century. (See Illustration 22. ) It should be 

added that during the War reports an features of arithmetic teaching 

EMA9 1915a, 1916a], and on the teaching of mechanics CMA, 1918a], were 

published in the Gazette, but not separately. Much of the activity 

over the first decade of the century focused upon the circumstances in 

preparatory and public schools for boys, and the MA's involvement here 

will be discussed first. 

Preparatory and Public Schools 

At the turn of the century, there were around one hundred 

schools linked with the HMC, and listed in the Public Schools Year Book, 
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which was f irst published in 1889 [Percival, 1969, pp. 73-751. The 

number of so-called Conference or public schools increased to around 

one hundred and fifty over the first quarter of the century [Schoolmasters 

Yearbook, 1926, pp. 10-121. These privileged schools greatly influenced, 

and were served by, the preparatory schools, which became organized 

through the Association of Preparatory Schools, for Head Masters from 

1892. 

The HMC was particularly concerned with general administrative 

rather than curricular matters in the critical years leading up to the 

1902 Education Actj and, at the turn of the century, the mathematics 

curriculum in both preparatory and public schools Was unreformed, with 

goemetry teaching still dominated by Euclid. 17 The BE [1900c] devoted 

an early volume of its Special Reports to the specific question of boys' 

preparatory schoolso and, in the discussion on mathematics there was no 

hint of the developments that were soon to follow [Allum, 19001. 

However, only two years later, Godfrey [1902b, 1902c, 1902d] provided 

a rich collection of progressive suggestions for preparatory school 

mathematics, and boldly stated: 'To put the matter bluntly, the average 

bay ought not to do any Euclid at his preparatory school' [19020, p. 2011. 

The preparatory schools could, of course, not move until the public 

schools altered their own entrance requirements, which largely dictated 

the curricula of these feeder schools. With the administrative arrange- 

meibts settled, and the public schools' independence preserved, the HMC, 

the Association of Preparatory Schools, and the MA all became involved 

in the details of reform in mathematical education in the early years 

of this century. 

In 1903, the Association of Preparatory Schools discussed the 

arrangements for a new Common Entrance Examination, the details of 

which were being worked out by the HMC. The new examination was to 

17 For administrative developments involving the HMC see Baran [19551. 
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include papers in arithmetic, algebra, and geometry, the teaching of 

this branch being also discussed by the Association of Preparatory 

Schools at this time [Schoolmasters Yearbook, 1905, pp. 197-2001. In 

1903, this Association approached the MA for advice concerning the best 

policy for geometry teaching, at a time of rapid change in the public 

schoolst which were now coming under the influence of reformed exam- 

ination requirements. Accordingly, the MA's Teaching Committee decided 

to send a letter to the headmasters of all public schools asking: 

how far they would recognise and insert questions in Practical 
and Theoretical Geometry in their Entrance Examinations and 
Scholarship Entrance Examinations, in accordance with the 
syllabus recommended by the Cambridge Syndicate.... The object 
of seeking this information is to afford guidance to Preparatory 
Schools in the teaching of Geometry. EMA, 1903c, p. 3491 

The letter was signed by Forsyth, and the replies clearly demonstrated: 

how very real a reform is being made; every school seems to 
encourage practical work, and, except in one case, to grant 
the freedom which the Universities have considered it wise to 
give. Epp. 350-3511 

The preparatory schools also responded rapidly to the new opportunities 

in geometry. Godfrey [1906a, p. 771 remarked: 

So far has the movement gone that out of seventy boys entering 
a public school [Winchester] in September, 1905, not one 
admitted that he had learnt 'Euclid. ' 

The Association of Preparatory Schools also pressed the MA far 

more detailed guidance in arithmetic, algebra and geometry. Up to 1905j 

the MA [1905a] had reported on the three branches, mechanics, and 

advanced school mathematics, but provided only brief statements of what 

ought to be taught, amounting in all to only twelve pages. The MA's 

Committee, with the assistance of two representatives of the preparatory 

schools and the benefit of responses to a circular sent to over four 

hundred preparatory schools, reported in 1907 EMA, 1907a]. The Report 

of ten pages provided quite detailed guidance concerning teaching 

methods for the preparatory schoolmaster, building upon the lines of 

earlier recommendations. The Report was also intended to influence the 
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examinations for entrance to public schools. By this time 'a great 

proportion' [p. 11 of schools used the Common Entrance Examination, 

instituted-in 19a4v and the Committee judged that 'there is reason to 

hope that the recommendations will be accepted as a guide in future 

papers' Ep-11.18 From around this time the HMC also became involved 

in preparatory and public school mathematics. 

The Curriculum Committee of the HMC, with the co-operation of the 

preparatory schools, presented a Report to the Conference in 1909 which 

included a 'Syllabus of Mathematical Teaching for Boys aged 9 to 1G, 

for Non-Specialists, ' the distinction between specialists and non- 

specialists being a notable feature at this time EMA, 1911b, p. 11. 

This scheme was circulated to all public schools and members of the 

Association of Preparatory Schools, though as Kitchener [1912, p. 1071 

remarked in the Special Reports 'a large number have either not troubled 

to look at it, or have not studied it with care, ' but otherwise the 

scheme was generally favoured. The age range deliberately cut across 

the age of school transfer, and the syllabus was adopted by the Common 

Entrance Examination Board as a basis for their mathematics papers 

Epp. 106-1071. As regards content, notable features were the broad 

basis of assumption allowed in the earlier stage of deductive geometry, 

following the BE's [1909a] recommendations, with the Cambridge Schedules 

used for reference, and the inclusion of logarithms and 'numerical 

trigonometry' for older pupils Epp. 113-1181.19 Nevertheless, co-ordinating 

the work of preparatory schools was still a major problem, in spite of 

18 Osborne RNC, where Godfrey was now the Headmaster, used entrance 
examinations-canducted by the Oxbridge Joint Board. 

19 The layout of the scheme and its content suggeat that Godfrey may 
have had much to do with its construction, v building on his 'Compromise 
at Winchester (see pp. 107-108). According to Siddons [1924, p. 1381v 
Godfrey served on committees of the HMC, and, from 1905, $had the 
ear of the Headmasters Conference which of course had great weight 
with examining bodies' [1952a, p. 1571, 
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the efforts of the HMC and the MA. Lack of specialist leadership was 

one particular difficultyp and, as Kitchener [1912, p. 1081 pertinently 

remarked: 

headmesters in their busy lives lay aside reports which are Bent 
to them and allow them to grow dusty an their shelves, if indeed 
they are not at once consigned to the waste-paper basket. 

However, support for the HMC's scheme from many leading public schools 

was confirmed by a Report from the new Public Schools Special Committee 

of the MA [1913b, p. 11, which recommended it as a basis for non- 

specialists. 
20 The Special Committee continued, through and after the 

War, to take steps to influence the preparatory and public schools. 

During the War, strenuous efforts were made to achieve greater 

uniformity in the schools regarding methods of decimal computation, and 

the detail was reported in the Gazette EMA, 1915a]. After the War, the 

problem of public schools' differing scholarship requirements loomed 

large, and the Special Committee reported an the matter [MA, 1922a]. 

The main problem here was that, for their competitive scholarship 

examinations, some public scKools were going significantly beyond the 

scope of the 9-16 syllabus for non-specialists, reissued by the HMC and 

Association of Preparatory Schools in 1916, and which the majority on 

the Special Committee sought to impose as a reasonable maximum Ep. 1781. 

However, some schools remained unmoved, the headmesters again pressed 

the MA to take further action, and the Boys' Schools Committee reported 

on the situation EMA, 1926b]. 

The earlier general recommendation was reaffirmed, with the 9-16 

syllabus reproduced Epp. 8-91, which it was felt would, as a basis, 

$provide a more certain test of mathematical ability then a wide 

20 Durell (Winchester) was Secretary of the Committee, which included 
Godfrey (Osborne), Bernard (Rugby), Borchardt (Cheltenham), 
F. W. Dobbs (Eton), Fawdry (Clifton), Lodge (Charterhouse, previously 
Cooper's Hill), Mercer (Cheltenhamg previously Dartmouth), Palmer 
(Christ's Hospital), Siddons (Harrow), and Tuckey (Charterhouse). 
Most members of this Committee were, or became, major textbook 
writers. 
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schedule of bookwork and so defeat the crammer' Ep. 61. Clearly, some 

public schools were making quite unreasonable and misguided demands 

upon able pupils under fourteen, but the MA could not enforce change, 

and, no doubt, this particular examination problem persisted. Two 

years earlier, the Boys', Schools Committee had also reported an prep- 

arstory school mathematics generally EMA, 1924b], though, an its own 

admittance, the Report Was 'evolutionary rather then revolutionary' 

Ep. 41, and it largely reiterated the recommendations of 1907, though 

some of the enlightenment in the BE" s [19119a] I important Circular 7111 

Ep. 41 on geometry was incorporated. 

Although the specific problems of preparatory and public schools 

were a major early concern of the MA9 the question of the mathematical 

education of girls rose to prominence in the early twentieth century 

and gradually forced its attentions upon this Association. 

Girls' Schools 

In a recent survey of the literature concerning the scientific 

education of girls Jenkins [1980, p. 381 concludes: 

The differentiation of the science curriculum between the sexes 
was well-established by the early years of the century and has 

proved to be a remarkably enduring feature of secondary education 
in England and Wales. 

Jenkins does not discuss mathematics, though his conclusion may be 

fittingly applied here also, and various features of differentiation 

in mathematics were indicated in Chapter 2. 

Differentiation involved lower expectations for girls in elementary 

schools, and for women entering and undergoing training in the colleges, 

as well as the lesser provision for mathematics in girls' secondary 

schools, and the inferior mathematical qualifications of women teachers 

of the subject. 
21 However, the general nineteenth-century movement for 

21 Jenkins 11979y pp. 170-2141 has discussed in some detail the 
twentieth-century scientific education of girls, including a 
wealth of quantitative data, with some references to mathematics. 
For some recent sources concerning the general nineteenth- 
century background see also Burstyn [19771. 
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members, within the new Branches. By 1910, the thriving London Branch 

contained 93 'Associates, ' over three quarters of these being women 

[MAI 1920al- Women were also beginning to contribute to the now more 

pedegagicallY orii! ntated Gazettell and to some of the MA's stimulating 

discussions up to the War. 
23 

As Miss Punnett remarkedg during a 

discussion on arithmetic, 'It seems a pity to leave unanswered the 

Chairman's invitation - or challenge - to someone to speak an behalf of 

the girls' [Durelly 1911, p. 401. More women were also being included 

on the Teaching Committee, which'was rapidly becoming unwieldy, though 

much more representative then the Committee of 1902. (See Illustration 

23. ) The Reports of the MA were also, by the end of the decade, 

beginning to acknowledge the existence of girls, in the following terms,: 

The Committee have in view the requirements of girls as Well as 
those of boys, and the word 'boy' being used for convenience of 
expression, what is here predicated of boys is to be extended to 
girls, except where the context renders such an extension of 
meaning obviously unsuitable. [MA, 1910c, p. 11 

This note appeared in a Report on algebra and trigonometry, thereby 

boldly placing the mathematical expectations for girls an a par with 

thosefor boys. Miss Punnett, 'in particular, applauded this initiative,. 

and added: 

Many opinions have been expressed for and against the theory that 
boys and girls are equal in this matter - it is evident, in fact, 
that the time is not ripe for a definite and unanimous conclusion 
an this point. It is very difficult to say to what extent the 
present comparative inferiority of the mathematics in girls' 
schools is merely due to an ancient tradition to that effect. 
The best way of solving the problem would seem to be to put the 
mathematics for boys and girls, for the present, an the same 
footing and to be guided by experience in making the necessary 
modificationsin the work of the girls. IMA, 1911c, pp. 54-551 

Plenty of contrasting views were certainly being expressed around 

this time concerning secondary mathematical education for girls. 
24 In 

the Special Reports, papers by Story [19121, Gwatkin [19121, Miss Sara 

23 See, for example, Epps 119071 on practical arithmetic and Barwell 
[19131 an history of mathematics in the school curriculum. 

24 Some of these issues will be considered further in Chapter 6. 
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Burstall [1912al (Manchester High School), and Mrs Henry Sidgwick [19121 

(Newnham College, Cambridge) considered various aspects of the matter. 
25 

Miss Ford [19121 (Roedeen) gave a paper on the subject to the South- 

Eastern Associetioný as did Miss Burstall [1912b] to the London Branch 

of the.. MA9 and a lively discussion followed. In 1912 also, the new Girls, 

Schools Special Committee of the MA was created, as part of the general 

overhaul of the MA's organization for committee work. Not all women 

shared Miss Punnett's optimism at this time. Miss Burstall [1912a, p. 5761 

reflected upon the way in which mathematics had forced its attentions 

upon girls' schools, through the demands of university examinations, with 

some support from the mental discipline argument, since 'It WSB said ... 

that women could not reason; they were to be taught how by studying 

Euclid' [1912b, p. 2071. Furthermore, the curriculum in girls' schools 

had become increasingly crowded, the situation being exacerbated by the 

shorter school day, and Miss Burstall concluded that less mathematical 

as well as science, than for boys was justifiable [Jenkins, 1979, pp. 171- 

1761. By contrast, in the discussion at the London Branch, Miss Punnett 

argued that: 

those who wished to give mathematics a quite subordinate position ... 
should at least wait until the experiment had been fairly tried of 
teaching it on lines really adjusted to the interests and activities 
of girls. [Burstall, 1912b, p. 2111 

Miss Surstall E1912a, p. 5761 also drew attention to another difficulty, 

related to the character of the reform movement as 'a revolt, led by the 

engineers, $ which had exposed mathematical education as: 

too academic and unpractical for the needs of real life, that is, 
the needs of boys.... Practical Mathematics of various kinds is 
introduced, and school Mathematics is more definitely directed 

-tawards'the 
demands-of caraers Which. 

-di3-, -not, -doncern. girlE3.... It 
is closely related to the characteristic industries and activities 
of men.... It has no such relation to the characteristic 
activities of women: it is not required for any vocation which 
the ordinary women will follow. Its only value is as a mental 
discipline.... 

25 For some discussion of these papers see Clements [19791. 
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Certainly the main thrust of the-new arguments based an utility 

were male-orientated, but nonetheless,, other women responded more 

positively to the new possibilities for girls, as well as boys. For 

example,, Miss Story [1912, p. 5511 noted that: 

The Board of Education Circular ... and the publications of the 
Mathematical Association, have done much to stimulate interest 
in graphic methods which are now largely used In girls' schools. 

She also referred to the newer practical tendencies in arithmetic and 

geometry for girls Epp. 548-5531. The whole question of elementary 

mathematics for girls was considered by the MA's new Special Committee, 

which reported in 1916.26 

The Special Committee's Report of twenty-six pages was the fullest 

0 

one yet produced by a Committee of the MA, and was the work of seventeen 

members, with Miss Gwatkin as Chairman and Miss Punnett as Secretary. 

Not surprisingly, the Committee was opposed-ip-principle to differentiation 

in any major respects, and also the 'need of unity' between the branches 

of the subject was stressed EMA, 1916bv pp. 2-31. Two aspects in geometry 

were distinguished under the heads 'investigational' and 'formal; ' with 

the former envisaged as coming firstv and the two proceeding in parallel 

from around the age of thirteen, The Committee followed the recommend- 

ations of the MA's [1911b] Report an algebra and numerical trigonometry, 

favouring the commencement of the latter at the age of fourteen. The 

Report was principally an elaboration of a scheme for the eight to six- 

teen age range, with plenty of illuminating detail on the lines of the 

earlier Report produced for preparatory schools EMA, 1907s]. The 

committee also proposed a syllabus for 'Arithmetic of Citizenship 

suitable for older'girls, 
-, 

based upon an innovatory scheme drawn up by 

Nunn in 1911 Epp. 4,21-221, and developed in the demonstration schools 

26 This Report was publicized'in the School World [1917al, which 
also published another women's view during the War [Parker, 1915a]. 
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of the London Day Training College [Durell, 1911, p. 401.27 Overall, 

the Report of the Girls' Schools Committee well demonstrates the 

sensitivity of some of the leading women teachers of mathematics at this 

time. 

Soon after the War, a general Report from the MA [1919a, p. 31 an 

secondary mathematics included no elements of differentiation, and merely 

pointed out that 'Throughout ... the word BOY is to be taken as referring 

to pupils of either sex. ' In 1923, the Girls' Schools Committee reported 

an mechanics teachingj five years after a Committee had generally, con- 

sidered the matter EMA, 1918a, 1923a]. The Report was a response to 

widespread criticism of the character of mechanics teaching in girls, 

schools; the Committee circulated over four hundred schools, and 172 

replied. Over a quarter taught no mechanics at all, though nearly a 

half taught some experimental mechanics to younger girls as part of 

physics. Sixty per cent taught some more advanced mechanics, commonly 

including some experimental work, but often to only one or two girls. 

The Consensus of opinion in the schools was against teaching mechanics 

to all girls, given the reality of the inexperience of many mathematical 

mistresses in physics and experimental work, and the inadequacy of the 

facilities and the education of mistresses for science teaching, to 

which the BE's [1923a, pp. 104,124-1251 Report on differentiation had 

also drawn attention [MA, 1923a, pp. 3-41. Nevertheless, the Committee 

argued a case for an introductory course of practical mechanics for all 

girls as part of mathematics or science, and provided a suggested scheme 

Epp. 5-61. The possibilities for correlation were raised, and a syllabus, 

with experiments, was also provided for a post-matr. iculation course. 

27 For some discussion of this new alternative to the traditional and 
outdated mish-mash of commercial arithmetic ' suitable for boys and 
girls, see LCC [1911, pp. 21-221 and Strachan 11918, pp. 221-2241. 
The syllabus was revised-by Nunn [1925, pp. 30-311, and reissued 
after the War, together with a scheme of household arithmetic for 
girls, pioneered by Miss Punnett before the War Epp. 29-301. 
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In 1923 also, the BE's [1923a, pp. 101-1041 Report had drawn attention 

to the widespread view that girls' attainments in mathematics and physical 

sciences were inferior to boys, which was supported by the evidence of 

teachers, inspectors and examiners, and that, in these subjects, there 

might even be differences in educable capacity. Inferior teaching and 

provision for mathematics in elementary and secondary schools, parental 

attitudes, girls' lower motivation, and the fewer opportunities for 

exploiting utility and correlation were all mentioned as contributory 

causal factors. This Report concluded that some differentiation in 

mathematics was justified, and it prompted an interesting response from 

the Girls' Schools Committee of the MA (see p. 38). 

The MA's [192Gc] Committee undertook its own fact-findi ng and 

analysisy which was published as a Memorandum in the Gazette. Lower 

attainments could not be denied, though the use of the term 'inferiority' 

was deprecated, and, more positively, the Committee sought means for 

improving the situation. In addition to working to overcome some of the 

contributory factors already mentioned (see p. 152), the Committee's 

survey revealed some other possible areas for improvement: 

while in boys' schools the Mathematics Of 8 Class Was regarded as 
a whole, very often in girls' schools, especially in middle school 
divisions, definite periods were assigned to Arithmetic, Algebra 
and Geometry, and these were not necessarily taken by the same 
mistress. The former plan is much more likely to produce satis- 
factory work. 1p. 131 

The Committee Ep. 141 also found that algebra and geometry were often 

begun too late. In addition the survey found that only one third of the 

mistresses teaching mathematics held an honours degree in mathematics, 

and only one half were trained, these being chiefly the less academic- 

ally qualified (see pp. 70-80). Generally, the Committee found inequality 

of educational opportuni. ty for girls in mathematics, producing a vicious 

circle in relation to the quality of the teaching force. Optimistically, 

the Committee concluded: 
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While it is passible that girls will in general not achieve as 
much in Mathematics as boys, it should be possible ... to 
disprove the well-worn but unsound statement that 'Girls can't 
do Mathematics. ' EP. 151 

The excessive strain an girls caused by the School Certificate 

arrangements, and particularly the credit system, was also mentioned 

by the Committee. In the 1920s, the grouping system as a whole was a 

particular concern of women teachers, who sought to improve the status 

of the group of practical subjects within the School Certificate, these 

being traditionally an important feature of girls' education [Jenkins, 

1979, pp. 178-1791. The possibility of allowing candidates to replace 

the mathematics and science group by a group of other subjects was 

actually discussed by the MA in 1929, following a paper by Miss Gwatkin 

[19291, though, predictably, no official action was taken. In the 

same year the Girls' Schools Committee again reported on elementary 

mathematics. 

Like the Report an preparatory schools in the 1920s, the Report 

an girls' schools [MA, 1929b] leent heavily on its predecessor, and 

provides evidence that a stage of consolidation in reform had been 

reached, though elements from the Report on geometry of 1623 were 

incorporated EMA, 1923b], as well as a number of appendices suggesting 

a rich range of books, articles and reports. 
28 The Reports an the 

various branches of mathematics were also an important feature of the 

MA's work, and their background and influence have still to be considered. 

The General Teaching Committee 

There are a number of distinguishable aspects concerning the 

influence of the MA's Teaching Committee on the progress of mathematical 

education. Firstly, the Committee sought to influence examination 

syllabuses and papers, by publishing and circulating Reports, and also 

28 The syllabus for practical mechanics was reproduced EMA, 1929b, 
pp. 44-451, as well as a revision of Nunn's syllabus for 'Arithmetic 
of Citizenship' Epp. 41-431, compiled by a master from Bedales, who 
gave a paper an the subject to the MA in the following year [Gimson, 
19301. 
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through formal and informal contacts with the various bodies involved. 

Secondly, the Reports acted indirectly upon teachers through their 

influence an textbook writers, some of whom were actually involved in 

the Committee's work. Finally, the Reports were a contribution to the 

growing literature concerning pedagogy, particularly for teachers 

within the increasing, and gradually more representative, membership of 

the MA, as well as for use in courses of professional training. A 

number of the Reports also provided a valuable focus for discussion at 

- meetings of the Association. 29 

Siddons [1952a, p. 1561 has suggested that the character of the 

MA1B Reports changed around 1918, from a principal concern for bare 

syllabus detail, particularly with reference to examinations, to a wider 

concern for questions of aim and method, with the interests of practising 

teachers predominant. Certainly, the Reports after 1918 tended to be 

longer and more concerned with the finer details of'teaching method. 

Howeverl some broadening of the character of the Reports goes back to 

around 1907y when the Report on preparatory schools was first publishedo 

and the Reports in the period 1908-1918, which was generally a stimulating 

one for the MA, certainly did not neglect wider questions of principle 

(see pp. 146-147). The Committee's work an the three branches in 1902 

resulted in the publication of a final Report before the end of the year 

[MA, 1902b], which was one contribution to the much wider movement for 

reform at this time, discussed in the last chapter. Although the 

geometry recommendations were far from being revolutionary in character, 

in relation to the freedom granted by examining bodies, a number of new 

geometries did follow closely the MA's scheme. 
30 

29 A number of such discussions are usefully listed in MA [1933, pp. 8-10]ý 
30 See for example, the subsequently very popular Baker and Bourne 

[19,02,19031, and Hall and Stevens [1904a, 1904b]. More innovatory, 
but also successful, were the textbooks of Godfrey and Siddons 119031, 
and Barnard and Child [19031. 



Mh I 'PORT OF TIIE' M. A. COMINUITEE ON munnigric; 
AND ALGEBILA. 

I. The, Cuiumittec mnsidcr that therv is considerable dauger of the 
true educaticiual value of Arithill0tiC And Algcbm btitig, 6criously hulsairud by reavou of a tendency to sacrifico chur undcrotanding to meru mechanical $kill. 

2. fi, view (if thiA the Womittesi recommend: (a) that ntjy rini VOCC eXAIIIIIIL-6 8110tilti be frequently ithed in both 
Aritlanctic and Algebra; 

that great are" slinuld be hill VC1 fIIIIIIAlliClItAl principles; that, AA far as Iiii-WhItt, the rulcm. whirb a Impil usca should Lo 

901CMUKItiblIS fl-0111 hill OWII UXIK! rlClICU ; 
(d) that, whenever lir"Untbiv, acometry should be employed to illustrate Mitlanctic and Al,, cbm, mid, in liarticular, that gruphs 

1,11011111 be 11SIXI extellsively ; (c) that istaily of the hanler mles and lanviur tylm. -s of examples, -whicli 
examimains alone compel us to retain us a school curriculum, 
should be lloatponecl. 

With these as bmiding principles thu Counnittte are led to make tile following suggestion3: - 
ALGE11M. 

17. 'I'lle Comillittell suggest that beginnera ithould be taught the use of letters to denote numbers, by stiWituting lettem for numbers in suitable illustratious (hivolving ititegerli) of the fundamental laws underlyin 
Arithmetic and Algebra ; they should aljtq be abown ]low results mai 
processes %vith wbich they are familiar in Arithmetic and Geometry can be 
expre, ised genernily by the use of letters (for example, before býginiilllg 
Al"Ant plipils will have bevil taught ]low to solve questions (, it intere-At, 'III([ 
arv. *vi witlimit. formulat, ; frout tilego auti lijillillit. examples they should be 
lei I atan carly stnge of Algelina to conjitruct formulae for themselves). 

18. That the fundamental law* of Algebra should be inferred front 
examples ! it Arithmetic and Ocometry by a rough induction ; fortunI proofs 
should be postponed. 

'19. The Committee consider that the use of the minus sign to deunto 
neggittive quantity should he introditced at the very beginnin of Algebra. 

20. That, histend of till, usual difficult, litibititittiong, practice slinuld be 

F given jitan early ntage ill 
. 4ti6aititting, nutubt-ra foi- letterit ill h1vutitier., and 

", testiiig ii,,!, roots t: r equatiowi, lot necesptrii). or till, iii-At. tiegree, and ill 
plotting gral)l 8 of fl I etiolls. n 

21. That, lon., multiplimtion tilitl divisinn should be Imtponed till after 
problems on x, y equations: -the method of detached coefficielits should be 
Lial, glit, and till, aiialogy with the cormspoudhig processVs ill Arithilletic 
sh6tild lie pointed out. 

2 Q2. That the methods used fit solvin equations aliould be Ixuc(l nit and hequently referred Lack- to first pifficillIts (thc four axionig) ; and that roots limild be tcRtLd Isy Rnb-ititution. 
23. That graphs should be introduced as carly as possible and be used 

extensively *(certainly hi connection with x, y equatioupi, and quadratic 
e(litatiollsi 

24. That complicated fnictions, bard H. C. P. and LC. M., and literal 
elltiations should be postponed till itfter cuy quadratics. 

255. That irrational roots nf flundratic equations i4linuld be oftell wni-ked 
out to I few sigiliflu-Illt figures. 

26. That the algebraic inctlind of prov i; g such theorcum As thoso of Fuclill, B 'oilk 11., shoidd be explahied, wid t It, 111 oblt'1114 sill'ilar to Euclid 
IT 11 should be givVI I 11111011g, 4111,111latie pridolenk nnil that nther n1i'lilit-n. tifilm to Geometry Wiliell w4suille it knowledgu If( Flielid, Ajokm 1. and III., 
M11611111 also ba givell. 

27. That ill sterdt the elder Rtl. em 14110111d bo laill fill 1111111erival VVnIllatioul. ilichillilig, 1-. 161111: 11is. it ioll of denominators. 

28.. That complicated queftions on fractional indicea should be avoided. 
29. That fractional indices should lie illuAtrated. by loxaritlinis taken front 

four figure tables or front graplis made by the pupils thenmelves. 
30. That work with intafinary quantities should, an far ? -. I pomible, be 

avoided in elementAry im. 
31.11at the comparison of the algebraic definition of prolý)rtion with 

that given by Euclid, together with all stich plimses itit " duplicate ratio", 
it compoundinif mtios, " etc., and the examples illuAtmthig them, should be 
dropp o elementary Algebra. C 

32. That algebraic work should be checked by the conAideration (if simple 
special capies anti the substitution of numbers. 

Illustration 24 MA's [1902b, pp. 6-81 
First Report an Algebra 
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Apart from the new graphical emphasis, the recommendations in 

arithmetic and algebra were not startling, and largely concerned cuts 

and simplifications. (See Illustration 24.0 As Minchin [1903, p. 621 

remarked at this time, 'The teaching of Algebra has not provoked such 

differences of opinion, or occupied so much attention, as the teaching 

of Geometry. ' However, as with geometry, a number of textbook writers 

referred to the MA's early recommendationB in their prefaceB. 
31 Fifteen 

hundred copies of the complete Report were soon exhausted, and another 

two thousand were printed early in 1903.32 Following this early flurry, 

the output of the Committee over much of the rest of the decade Wes 

modest in its scope and influence, during a period of consolidation for 

the major reforms in geometry teaching EMA, 1908b]., The question of a 

possible new sequence for deductive geometry was discussed, but the 

Council subsequently ruled that the MA should not take any initiative 

here. 
33 

A Sub-Committee, set up in iga3 to consider mechanics teaching, 

included Minchint Jackson, Siddons and Tuckey, and first reported in the 

following year EMA9 1903c, p. 349; 19041. The BAAS also became involved 

with this aspect of mathematical education around the same time, but 

there was not the same general urgency for reform as in the case of 

geometry, despite the obvious shortcomings and parallels mentioned in 

the last chapter (see pp. 124-127). The Teaching Committee also 

reported briefly on advanced school mathematics in 1904, and an university 

entrance scholarships in 1907, in both cases with a view to directly 

influencing the ancient universities' requirements. 
34 In 1908, all the 

Reports of the Committee, including the fullest one yet an preparatory 

schools, and the Cambridge Schedules in geometry, were collected together 

31 See, for example, Tuckey [19021, Baker and Bourne [19041, and 
Borchardt [19051. Baker, Barnard, Godfrey, Siddons, and Tuckey all 
served on the MA's Committee in 1902. 

32 MA 11932c], minute 24/1/03. - 
33 MA [1905b]; MA [1932c], minute 21/6/07. 
34 MA [1932c], minute 22/11/04; ' MA [1908b]. 
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and published in one volume [MA, 1908b]. One feature of examination 

reforms in arithmetic had also become a concern of the MA by this time. 

From around 1900, engineers, such as Perry and the Institution of 

Civil Engineers in particular, had pressed for a wider emphasis an 

approximations, including contracted methods of computation [BAAS, 1907, 

pp. 445-4481. Such methods were uncritically accepted at first by 

examiners and textbook writers, and, by 1907, Robinson [1907, p. 1621 

could claim that lExaminere have placed in the forefront of their demands 

a knowledge of these methods, and regularly complain in their reports 

that such is not forthcoming. ' However, these 'much-belauded improvements' 

Ep. 1621 became the subject of the first teaching controversy to warrant 

a sustained debate in the columns of the Gazette, the issue first being 

raised by Godfrey [190Gb, p. 3201, who confirmed that such methods 'used 

to be one of the planks of the mathematical reformer's platform. ' 

Although some still defended these methods [Lodge, 19071, Godfrey and 

others revealed that such methods were outdated in practice, logarithms 

and the slide rule being preferred [Saunder, 19071. The MA devoted a 

'good discussion' to the matter [MA, 1907b], which was referred to the 

Teaching Committee, the result being a letter to examining bodies 

requesting that they should not insist on such methods, given their 

dubious value EMA, 1907c]. Slowly, these methods fell into disuse, 

though London ignored the MA's letter [Godfrey, 1912, p. 435; Story, 1912, 

p. 5491.35 As well as circulating Reports and letters, by the end of the 

decade the MA had also developed another tactic to pressurize examining 

bodies, namely a 'Pillory' in the Gazette for notorious examination 

questions [Aleph, 19101. However, more important by 1910 was the growing 

concern for algebra teaching, which was still very much burdened by aim- 

less manipulative excesses, despite the newer arithmetical and 

graphical emphases. 

35 London's new Matriculation requirements in 1921 no longer mentioned 
contracted methods Netter, 1936, p. 2071. 
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Again it appears to have been Godfrey [1910a] who stirred the MA 

into action by delivering a stimulating paper, which was followed by a 

discussion an 'What is Educational and What is Technical? ' in the 

teaching of this branch. The important distinction here was between 

the needs of the future user or mathematical specialist, and what could 

be justified in a general education. This paper was referred to the 

Teaching Committee, who published a Report on the subject in the same 

year [MAI 1910c]. This was discussed at the next Annual Meeting, and, 

with minor amendments, including a change of title, a second Report was 

published in 1911 EMA, 1911b, 1911c]. The Report embodied much of 

Godfrey's thinking, and its style represented a new departure for the 

MA [Price, 1974, pp. 80-831. As one teacher remarked at the time: 

I very warmly welcome this report for the innovation it makes in 

putting first the principles which should influence our teaching 

of mathematics. It places in front of every other consideration 
the question, 'Why should we teach mathematics? What is our 
aim in mathematical education in the schools? 136 

In addition, the Committee hoped:.. 

to influence the demands of examining bodies in such a way that 
the teacher will have freedom to put to better use much of the 
time at present spent an the elaboration of algebra in 
elementary classes. EMA, 1911b, p. 11 

As in various recommendations a decade earlier, a case was argued 

for systematically cutting and simplifying, to enable broadening of the 

curriculum, possibly to include elements of mensuration and solid 

geometry, mechanics, and calculus, but, particularly, to incorporate 

some numerical trigonometry in a general education. The Report Ep. 11 

remarked that 'Custom, represented by public examinations, has at present 

the effect of withholding that opportunity, ' and concluded 'we hope that 

we shall have the hearty co-operation of examiners, upon whose policy 

so much depends' Ep. 81. From around this time, there is evidence of 

increasingly close links between the MA and certain examining bodies. 

36 G. F. Daniell in MA [1911c, p. 521, who had served on a Committee of 
the BAAS which reported an school science in 1908 EJenkins, 1979, 
p. 581. 
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The Joint Board was traditionally closely linked with the public 

schools and the HMC, and had already, in 1910, made a significant 

addition to its syllabus for algebra in additional mathematics, by 

including rates of change and gradients of a graph Netter, 1936, p. 1281. 

In the following year# the Joint Board held a meeting with representatives 

of the HMCv including Godfrey, and the Headmasters' Association, to 

consider the MA's proposals concerning algebra and numerical trigonometry 

[King, 19811. The MA also around this time communicated with the Joint 

Board concerning its experimental questions in trigonometry. 37 
Given 

the favourable relations with the Joint Board, the Committee decided to 

contact other bodies, including London, in this particular case an the 

question of allowing the use of logarithmic tables. 38 
More generally, 

a letter from Siddons was circularized to various examining bodies, 

inviting co-operationt and referring to the MA's Reports which: 

have received the attention of Examining Bodies, who, in more than 
one important instance, have referred proposals for changes in 
their regulations and syllabuses to the Committee for consideration 
and advice. The Committee, encouraged by these instances to 
believe that their co-operation is recognised as helpful, have 
directed me to bring the existence of the Committee to the notice 
of bodies who conduct the examination of schools in Mathematics. 39 

Before the end of 1912, the Committee was working closely with the 

oxford Delegacy and the Cambridge Syndicate for the Locals, and was now 

using its Reports, with the exception of the 1902 Report on geometry, 

as a basis for all recommendations. 
411 

Godfrey was also working from 

the insidej as an examiner for the Joint Board at this time, and up to 

his death in 1924.41 The BE's [1914a, p. 31 second Circular on geometry 

37 MA [19381, minute 4/5/12. 
38 Ibid., minute 20/7/12. 
39 Ibid., letter 5/10/12. 
40 Ibid. minute 30/11/12. 
41 King 

t19811. After Godfrey's death, another examiner for the Joint 
Board commented the had much to do with the organisation of the 
examination as it now stands; he was one of the Board of Examiners 
for many years' - Mr. Thompson in Siddons [1928, p. 711. Soon after 
the War, the Joint Board adopted'new syllabuses, as well as distinct- 
ive mixed papers from 1921 CRetter, 1936, pp. 128,163,2141. 
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ref erred to the MA Ia support f or the broadening of the basis in deductive 

geometry, which had been sympathetically received in the case of the Oxford 

and Cambridge Locals. In 1913, the MAI a Committee forwarded a number of prop- 

osals to the London Board, to bring this examining body into line with those 

at Oxford and Cambridggo where negotiations were proving fruitful EMA, 1914d, 

p. 2281. Specif ically, the Committee sought no insistence an contracted methods; 

the broadening of arithmetic to include simple mensuration; the use of logar- 

ithms; simpler algebra, with some alternative numerical trigonometry,; and 

some calculus in the optional more advanced syllabusP However,, in the case 

of London the Committee reported that I the Senate is not prepared, at present, 

to make any alterations in these syllabuses I [MAI 1914d, p. 2281. S iddons made 

some interesting remarks at this time concerning the Committee Is tactics: 

The direct method of attack is not always the Most BUitabler as I think 
the Committee has found to some extent. It is always necessary to 
enquire privately of somebody who knows what is the beat way to do it.... 
Lem afraid at London University we were not successful. Wetookalotof 
trouble to f ind out what was the proper method of attack, and nobody seemed 
to know, and the method we were ultimately advised to take has not proved 
successful. EMA, 1914e, p. 2643 

Co-operation w8s, howeverpforthcoming from the Civil Service Commission, 

and Sub-Committees during the War pursued the problem of Landon's requirements, 

and worked on the syllabuses of the NUOMB. 
43 

In 1918, a further Sub-Committee 

was appointed Ito report perioýically on the current examination papers of 

public examining bodies, so f ar as mathematical subjects are concerned INA 1 19 18b, 

p. 1871. By this timA, and following the Report on algebra, Reports on other 

aspects of mathematical education had also been produced. 

The Report on algebra and trigonometry was clearly a valuable 

weapon of the MA, after 1910, in its negotiations with examining bodies. 

Some new algebra textbooks also acknowledged the stimulus of this Report, 

and relegated much of the heavier manipulative work to a separate 

chapter or appendix. 
44 Fairly short general Reports were produced by 

42 MA [19381, minute 22/2/13. 
43 MA [1915b, p. 41; MA [19381, minute 4/11/16. 
44 See, for example, Borchardt [19111, and Godfrey and Siddons [1912, 

19131, who included a treatment of logarithms, functional dependence, 
and the beginnings of differentiation and integration. See also the 
subsequently successful Durell, Palmer and Wright [1920,19211. 
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the Special Committees for public and other secondary schools EMA, 1913b, 

1914f], the former being discussed at the MA's Annual Meeting EMA, 1914e]. 

Howeverg in 1915, the General Committee reported that: 

conditions have not seemed suitable for entering upon any work 
of an important or controversial character. The Committee is now 
considering what work it can most fittingly undertake under 
existing circumstances. EMA, 1915b, pp. 3-41 

A Sub-Committee had been formed to consider geometry in 1913, and a start 

was made in the following year, but a Report was not published until ten 

years later. 
45 

However, detailed work was undertaken in arithmetic, on 

the lines of the earlier work in algebra. 

In the case of arithmetic, it was a paper by Durell [19111, his 

first to be published in the Gazette, which encouraged the MA to act. 

As with Godfrey in algebra, Durell made a strong case for omissions and 

simplifications to facilitate broadening of the curriculum. There was 

no prompt actiong in spite of a lively discussion involving Godfrey, 

Siddons and Nunn in particular, though a Sub-Committee subsequently took 

up many of Durell's proposals, and reported during the War [MA, 1916a]. 

This was a convincing statement concerning desired and many overdue 

reforms, particularly aimed at examining bodies, though methodological 

questions were also considered. During the War, another Sub-Committee 

considered the teaching of mechanics, and reported in 1918. 

In 1916, this Sub-Committee circularized schools, including some 

girls' schools, in England, Wales and Scotland, -'in which it might be 

presumed that mechanics was taught' [MA, 1918ap p. 2911. Out of just 

under two hundred schools, eighty-five per cent taught some mechanics. 

one quarter taught the subject under mathematics only, one third under 

science onlyp and the remainder under both. 46 
Idealistically, the 

Report recommended a course in mechanics from the age of thirteen, as 

45 MA'119381, minute 22/2/13; MA [1915b, p. 41. 
46 Compared with Perry's earlier findings (see pp. 124-125) there 

appears to ýave been some decline in the proportion of schools 
teaching mechanics under mathematics and science. 
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a 'link subject' taught by the mathematical staff* Much of the Report- 

was devoted to appendices, with major contributions from Nunn, whose 

ideas had already been published in a Report an secondary science for 

the BAAS, in 1917. There was much visionary thinking in the MA's 

Report which was, no doubt, much in advance of prevailing practices. 
47 

Early in 1918, the Teaching Committee decided to produce a 

general report an mathematics in public and other secondary schools, 

with particular reference to educational aims, the place of the subject 

in the curriculum, correlation across the curriculum, and examinations. 

Thus, the resulting Report EMA, 1919a] proved to be different in char- 

acter to all its predecessors, and it well summarized the general 

educational thinking of leading members of the MA at this time. However, 

the Report's grand summary of recommendations, reproduced in the Gazettel, 

was unlikely to have a significant impact upon practices in schools 

generally. (See Illustration 25. ) Geometry still remained as one 

branch of mathematics upon which the MA had not reported in detail, 

since 1902. 

Looking back an the conservative Report of 1902, Godfrey [1920, 

p. 201 remarked that 'no report on Geometry has emanated from your 

Teaching Committee since that date. ' Godfrey justified this strange 

omission by emphasizing the need for experimentation and variety in the 

new period of'freedom, and added: 

an Association cannot easily do more than register the average 
opinion of sound teachers.... I do not consider that the time 
has yet come for the Association to support with its authority 
any particular method of teaching Geometry. 

However, the AMA had set up a Sub-Committee to consider geometry in 

1902, which worked an much more radical lines than the MA, with inspiration 

47 Schemes by Siddons, W. J. Dobbs, and G, Goodwill were also 
included in the appendices. 
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from Dobbs [1902, p. 7301, and reported in 1904.48 Furthermore, before 

the Wart the BE [1909al 1914a] had very decisively taken the initiative, 

through its important Circulars (see pp. 40-41). 49 
Godfrey also seems 

to have overlooked the fact that the MA had taken steps, shortly before 

the War, to consider geometry teaching. Soon after the War, both the 

MA and the AMA again became involved with this branch of secondary 

rnathematiCB. 

In 1921, the AMA received representations from many schoolmasters 

suggesting that much time was being wasted in the early stages of 

geometry teaching, and that there was a need for uniformity in examination 

requirements. Accordingly, the AMA circularized all boys' schools in 

England and Walest as well as some girlst schools and Scottish schools, 

through the co-operation of the Assistant Mistressed Association and the 

Educational Institute of Scotland. Ninety per cent of masters favoured 

a new uniform sequence of theorems, to guide ordinary teachers after 

twenty years of free enterprise in teaching and textbook writing. 

Howevery only just under half the mistresses desired a return to uniform- 

ity. The Committee was assisted by HMI Fletchert and reported in 1923, 

their memorandum being the first of a new series an secondary subjects, 

published up to 1934 [AMA, 1923,19661. In spite of feelings in boys' 

schoolsy the Committee only provided a suggested schedule of numbered 

theoremsy since it 'does not feel it is either desirable or possible at 

present to stereotype a sequence, ' there being 'still room for consider- 

able diversity' [AMA, 1923, p. 51. On the question of lightening the 

deductive burdenp and increasing intuition, the Committee classified a 

48 Dobbs [19131 referred to this early work of the AMA in the preface 
to his extraordinary book, A School Course of Geometry, in which 
he developed fully his ideas for school. geometry, breaking freely 
from the Euclidean tradition by employing motion rather than 
congruence throughout (see p. 113, note 45). The present writer 
has failed to locate a copy of the AMA's Report. 

49 Before the War, given their progressive and sophisticated views, 
it seems unlikely that either Dobbs or Fletcher registered the I average 
opinion of sound teachers' to which Godfrey referred. 
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number of formal proofs as not for examination purposes, and others as 

not even for classroom purposes, following the lines of the BE's 

Circulars. By this time, Some examining bodies were also responding in 

this respect by not requiring proofs of certain propositions [Godfrey, 

1920, pp. 23-24; Retter, 1936, p. 1631.50 This tendency, particularly 

with regard to Euclid I, also greatly reduced the importance bf the 

sequence issue from around this time. On the question of a uniform 

sequence, which had been pressed upon the AMA by its members, the MA 

was consistent in its opposition to uniformity, and, in 1922, a resolution 

to this effect was sent to the AMA, with whom the Committee were not 

prepared to discuss this matter. 
51 In the same year, the MA appointed 

a Sub-Committee to consider geometry teaching, which worked independently 

of the AMA9 given the difference of motivation, though in the event 

both the Reports in the following year rejected uniformity of sequence 

as neither possible nor desirable, and of exaggerated importance EMA, 

1923bg p. 41. However, the general character of the MA's Report was very 

different to that of the AMA. 

The Sub-Committee included Godfrey [19201 and Nunn [19221, both 

of whom had become particularly interested in developing geometry teaching, 

as well as Tuckey, with the mathematician E. H. Neville as Chairman, and 

Miss Punnett as Secretary. Godfrey's thinking at this time, and his 

proposals for greater flexibility in the deductive course in a general 

education, developing the Stages proposed in the BE's Circulars, have 

been discussed in a paper by Howson [1973b]. Nunn was also thinking on 

similar lines [Godfrey, 1920, p. 241, as well as arguing a case for 

adopting a principle of similarity in a formal deductive treatment. The 

50 Brereton [1944, p. 1151 subsequently cited this development as one 
of the few examples of common action by the examining bodies for 
the First Examination, concerning the construction of syllabuses. 
However, a schedule with 'starred' i. e. non-examinable propositions 
was not implemented by London until 1937 Netter, 1936, p. 1671. 

51 MA [1922b]; MA [19381, minute 8/4/22. 
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resulting Report of seventy-four pages was unprecedented in its detail 

and scope from a Committee of the MA. Howson [1973b] has drawn attention 

to the curious fact that this Report reinforced the view that a system- 

atic logical treatment of geometry could reasonably be undertaken before 

the First Examination, in spite of the misgivings of both Godfrey and 

Nunn an this point. Thus Howson has judged that the Report was a 

'millstone' which inhibited pedagogical developments. Godfrey died in 

the year following the Report's appearance, before he could develop and 

impress his own views concerning the future of geometry teaching. Durell 

[1925a, p. 2741 who was on the AMA's Sub-Committee, and, as a successful 

textbook writer was close to classroom realities, expressed some strong 

reservations: 

There is little doubt that many teachers are seriously bewildered 
by this Report. It is not an easy document to read and frequently 
it is difficult to ascertain the precise nature and application 
of its recommendations. 

He also made some interesting remarks concerning the Report's background: 

The dimensions Of the Report makes it possible to doubt (a) 

whether the Report represents the considered judgement of all 
members of the sub-committee and 0 whether the approval given 
by the Teaching Committee was much more than a mere matter of 
formeeoe 

Tuckey [1945, p. 21, a Sub-Committee member, subsequently revealed 

that Neville and Nunn were principally responsible for the Report, the 

former also being the editor. In particular, Nunn's ideas for a 

rigorous deductive treatment using similarity were incorporated, and 

Tuckey 119511 p. 2371 also revealed that the contribution of Neville and 

Nunn explains the fact that about half the Report is mathematically 

self-indulgent. Certainly, Neville's predispositions would have been 

mathematical rather than pedagogical, but the lack of pragmatism in 

Nunn's case is perhaps surprising. 
52 

Durell [1925, p. 2741 contrasted 

52 Nunn [19241 and a collaborator (Neville? ) wrote a textbook for 
deductive geometry, adapting the principle of similarity, but it 
was never published, and, in any case, the tendency in the schools 
was subsequently to turn away from the logical foundations 
ETuckey, 1945, p. 2; 1951, pp. 236-2371. 
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this Report's character with the-MAI-B earlier Reports: 'they have not 

hitherto been used to provoke discussion, but to urge particular methods 

which have been tested by experience, ' and he concluded: 'There is a 

real danger that geometrical teaching may be injured by a misunderstanding 

and mis-application of the views expressed. ' Although the Sub-Committee's 

Report did help to disseminate further the idea of pedagogical stages in 

geometry, in terms of classroom reality there; are some similarities 

between its work and the nineteenth-century work of the AIGT, and, as 

Howson has argued, it acted as a freezing influence an progress in the 

teaching of deductiýte geometry. 
53 Also, as regards textbooks, it appears 

that the work of the AMA was more relevant in the 1920s, judging by the 

acknowledgements in prefaces. 
54 In the same decade, the MA again turned 

its attention to the teaching of mechanics. 

In 1927$ a small Sub-Committee was appointed to consider mechanics, 

and a Report, comparable in size to that in geometry,, was published three 

years later EMA, 1930c]. In this case, the Sub-Committee, which included 

Fletcher, clearly found it difficult to produce something of value to 

follow the Report of 1918, which had been inspired by Nunn. Fletcher 

[19041, himself an innovator in mechanics teaching in the early years 

of this century, openly admitted some lack of motivation for the task: 

it was one thing when full of a subject and anxious to write about 
it to produce something; it was quite another when, not particularly 
interested, one was commanded by superior authority to produce 
something. EMA, 1931b, p. 3431 

53 For a discussion of the Report's relevance in relation to the MA's 
Second GeometrV Report of 1938, which was much more classroom 
orientated9see Tuckey 119511. Why Godfrey had so little influence 
on the earlier Report, given his stature within mathematical 
education, remains a matter for speculation. 

54 See, for example, Hall and Stevens [19241, Siddons and Hughes 
[19261, and, not surprisingly, Durell [1925b]. Gray and Smith's 
[19231 A New Sequence Geometry also referred to the new requirements 
for the Scottish Leaving Certificate, which were in line with the 
AMA's proposals. Parkinson and Pressland [19231, who were members 
of the AMA's Sub-Committee, also catered for English and Scottish 
requirements. 
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Thug this Committee saw its task as 'a much humbler one: ' 

The best they could do was to try and say what few commonplace 
things they could which they thought would be of use to 

ordinary teachers. Ep. 3431 

This Report's contents and the discussion-upon it are evidence 

that a stage of consolidation had been reached in the MA's work by this 

time. That the pattern was a general one is confirmed by the conservative 

character of two new Reports on arithmetic and algebra EMA, 1932d, 1934a]. 

These Reports of the Boys' Schools Committee were substantial and 

detailed, but were principally concerned with the elaboration of well- 

tried practices over what was, by this time, a well-established range 

of content. 
55 The Reports an preparatory and girls' schools in the 

1920s were similarly designed to consolidate practices, drawing an earlier 

Reports (see pp. 152,159). Thus, the Report on geometry appears to have 

been an exceptional one in comparison with its successors, as well as 

its predecessors. The role of the MA as a pressure group in relation 

to examining bodies also declined markedly in the 1920s. 

Early in the 1920s, the MA continued to negotiate with the 

examining bodies approved for the new First Examination, who generally 

continued to respond favourably, though London lagged behind EMA, 1922c, 

p. 35;, 1923c, p. 2461. By this time, the Boys' Schools Committee judged 

that reissue of the 1913 Syllabus for non-specialists EMA, 1913b] was 

unnecessary as 'most of these recommendations are now embodied in any 

good modern syllabus. ' 56 London also began to respond to pressure in 

the early 1920s. At the MA1B Annual Meeting in 1920, a mistress opened 

a discussion on the teaching of logarithms. She referred to the support 

for their use from the examining bodies of Oxford, Cambridge and the 

Northern Universities, but drew attention to London's continuing resist- 

ance [Cook# 19201. Nunn referred to London's policy as 'a serious and 

55 For some discussion of the Report an algebra see Price 11974, 
pp. 125-1291. 

56 See Minutes of the Boys' Schools Committee of the MA, 
_1923-38., MA Archives, Leicester, minute 3/11/23, 
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mischievous thingll apparently justified an the ground that logarithms 

should not be introduced because the full theoretical basis of indices 

was not appropriate in the syllabus Ep. 281. In addition to pressure 

from the MA, particular schools were also circumventing this restriction 

by using the special syllabus provision (see p. 5G). Thus, in 1922 the 

MA's Council reported that London had issued new syllabuses incorporating 

'many of the suggestions of this Association' and, in particular, the 

use of logarithms and properties of similar figures, and some calculus 

in the alternative more advanced syllabus EMA, 1922c, p. 351. At this 

time London also dropped its insistence on contracted methods and brought 

some mensuration into the arithmetic syllabus Netter, 1936, p. 2071. 

During the 1920s, however, London continued to be out of step with 

other bodies in the cases of geometry and trigonometry. Geometry was 

limited to Euclid I-IV, with only geometrical proofs-permitted; there 

was no detail of required theorems provided, and no provision made for 

numerical trigonometry EMA, 1930a, p. 1471. As one schoolmaster remarked 

during a discussion on the First Examination at the London Branch of the 

MA: 

Which was best from the educational point of view: to force a 
pupil to learn up 60 theorems which he would soon forget, or to 
teach him such subjects as trigonometry? Ep. 1541 

A London examiner had earlier remarked that he regarded trigonometry 8B 

a soft option, but the London Branch agreed to approach the University 

concerning its exclusion and the requirements in geometry Epp. 147,154-1551, 

and a memorandum was Bent out early in 1931. The General Teaching 

Committee had also again approached London, and, in 1931, the London 

Branch Was notified that from 1933 Bome alternative queBtions an 

trigonometry would be included in the First Examination [MA, 1931c, p. 314; 

1932e, p. 21. With the exception of London, the MA'B work as a pressure 

group in relation to examination requirements Was largely completed in 

the early 1920B. Combridge [19791, whose links with the MA go back to 
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1927, recollects: 

I cannot remember anything like pressure group activity during the 
following twenty years. As I recall it, we were chiefly concerned 
with improved ways of teaching recognised portions of the curriculum 
and with keeping an eye an Boards of Examiners in case any of their 
questions proved objectionable from a pedagogic point of view. 57 

Siddons was one of three members who acted in the case of examination 

papers, and he admitted fit was difficult to know exactly how to get at 

the various examining bodies' EMA, 1930a, p. 1491. Although the major 

battles had by this time been won, the arrangements for examinations 

continued to be a popular subject for the MA's discussions, which also 

involved representatives of the examining bodies. Specific topics here 

included the Joint BoardIB distinctive arrangements, with its mixed 

papers [Siddons, 19281; the grouping system for the First Examination 

[Gwatkin, 19291; syllabuses for the First Examination EMA, 1930a]; and 

the variations in the requirements for additional mathematics EMA, 1932a]. 

Thus far, the discussion has focused on the MAts involvement with 

mathematics in preparatory, public, other secondary and girls' schools, 

though the Association also showed some peripheral interest in the 

elementary, technical and teacher training sectors of education. 

Elementary, Technical and Teacher Education 

Being a specialist subject association having traditionally close 
b6 

links with the public schools and ancient universities, the MA was both 

intellectually and socially distanced from the elementary schools, their 

teachers, and the training colleges. The only evidence of the MA's 

official involvement here before the War is in the case of the BE's first 

revision of its Suggestions for arithmetic teaching. A special Sub- 

Committee was formed to prepare proposals at the BE's invitation, and 

the MA was fortunate in having at its disposal the expertise in elementary 

57 COriously, as late as 1924, the Teaching Committee decided to 
approach Glasgow University, which still insisted an Euclid's 
order, 'to ask if there was any special local reason why this 
proviso was still included' - MA [19381, minute 4/4/24. 
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teacher training of Nunn and Miss Punnett. 
58 

In 1923, the Council was asked in a letter to consider the needs 

of elementary schools, though no action was taken, beyond suggesting 

that the London Branch might take some initiative. 
59 However, two 

years later the MA was requested by the BE's Consultative Committee to 

submit recommendations concerning the mathematical education of the 

adolescent in elementary and junior technical schools, although the MA's 

relevant experience was still very limited EMA, 1926d, p. 421. Five 

years later the Council reported that several members had requested that 

the question of mathematics in the senior elementary schools be discussed 

at the Annual Meeting. The Council admitted: 

While feeling that the Association is as yet hardly in a position 
to discuss this matter effectively, the Council hopes that the 
Branches willp as and when opportunity offers, encourage any of 
their members whose experience entitles them to views an this 

subject to make them known as a basis for didcussion. EMA, 

1932e,., p. 31-. 

The subject of mathematics in the central schools was eventually discussed 

at the Annual Meeting, in 1934, where papers were read by two teachers 

from central schools. Bushell reported that: 

A great many members of the Mathematical Association had been for 

some little time very curious indeed to know what mathematics was 
being taught in the Central Schools.... EMA, 1934b, p. 941 

However, the MA between the Wars showed little more then curiosity with 

regard to the developing forms of post-primary education. Predictably, 

the MA also showed no concern for technical education until the 1920s. 

Before the War, H. T. Holmes [1910, p. 2001 drew attention to the 

Gazette's predilection for pure mathematics and secondary mathematics 

teaching, and added: 

the Gazette contains little of special interdst to those concerned 
in the work of the evening classes, which are so important and 
special a feature of our British system of education. 

it was not until after the death of Perry, in 1920, that the MA turned 

58 MA [1932c], minute 4/11/11. 
59 Ibid., minute 24/2/23. 



176 

its attention to technical education. L. S. Benny [1924, p. 591 contributed 

a short paper to the Gazette, where he noted the sharp contrast with the 

MA's work in secondary education: 

No effective steps have been taken to consider the mathematical 
needs of technical students, and the most satisfactorV way of 
dealing with them. 

This writer expressed the hope that the MA 'may feel able, in the future, 

to extend its activities to the realm of Technical Education' Ep. 591. 

In the same year, Professor Piaggio 119241 of the University College, 

Nottingham, took the initiative by requesting views from those interested 

in the progress of practical mathematics, which was still the label used 

to denote mathematics for technical students, and he referred to the 

possibility of a report from the MA on the subject. The Teaching 

Committee admitted: 

A considerable proportion of the members of the Mathematical 
Association are not directly concerned in the teaching of Practical 
Mathematics but the subject is of general interest to all teachers 
of Mathematics ... and it is felt that this particular problem 60 
should not be divorced from other problems of Mathematical teaching. 

Accordingly, Piaggio's paper was circulated to selected persons, and, 

in the same year, the ATTI considered the matter and devoted space to 

it in its Technical Journal. Given the level of interest demonstrated 

at this time, the MA formed a Sub-Committee to prepare a report EMA, 

1926e, p. 91. 

Piaggio was Chairman of the Sub-Committee, which included two 

representatives of the BE's Technological Branch, Holmes being one, and 

co-opted representatives of the ATTI and the Association of Principals 

in Technical Institutions, with Tuckey the only member not specifically 

involved in technical education. The Report acknowledged the progress 

made in the early twentieth century: 

chiefly owing to the efforts of the late Professor Perry. His 
methods have been adopted very widely. When they were first 
introduced, they aroused great enthusiasm;... EMA, 192Ge, p. 91 

60 MA [1932c], minute 5/4/24. 
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However, the Report suggested that there was in the light of experience 

still cause for concern as 'Some very good work has been done ... and 

yet, in the opinion of many, the results obtained are somewhat . 

disappointing I 1p. 91- By this time, the principal concern was for the 

overemphasis an rules and the inattention to fundamental principles. 

The Committee hoped for a more unified treatment of the subject, linked 

with its applications, and recommended that 'the teacher should possesb 

a sufficiently liberal knowledge to enable him to present the subject 

in this manner' Ep. 121.61 The Report even suggested a little deductive 

geometry for junior technical students to restore the educational balance 

[p. 1021, though Piaggio judged this to be a 'somewhat controversial' 

recommendation EMA, 1926f, p. 821. However, some general concern for the 

instructional rather than educational bias in mathematics for technical 

students is evident in the Report and the resulting discussion upon it. 

The Report also hoped for and welcomed greater involvement from tech- 

nical teachers in the MA's activities CMA, 1926e, p. 141. This work of 

the MA in the technical field was a noteworthy extension of its operations, 

though the MA's interest here does not appear to have been sustained 

between the Wars, and the Report was an isolated initiative. 

Although the MA's lack of concern for elementary teacher education 

is not surprising, the low level of its involvement in secondary teacher 

education warrants some explanation. Certainly, the MA became a major 

agent supporting teachers of mathematics in-service, through its increas- 

ing and widening membership; the activities of its developing Branches; 

the work of its various Committees and their published Reports; the 

Presidential Addresses, papers, and discussions at the Annual Meetings; 

and the various articles and other features in the Mathematical Gazette. 

61 For some early reactions to Perry's practical mathematics as 
illiberal mathematics see pp. 105-107. This curious dichotomy 
between academic or liberal mathematics and practical or technical 
mathematics will be explored further in the next chapter. 
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The publications of the MA were also an important contribution to the 

literature for methods courses in initial teacher training. 62 
The 

reluctance of secondary teachers to undergo preliminary training, 

particularly men and those aspiring to higher status schools, was 

discussed in Chapter 2 (see pp. 77-80). Given the character of the MA's 

membership in the early twentieth century, it is not surprising that 

this body did not become concerned with this aspect of professionalization. 

Lip-service was paid to the need for specific training in the MA's 

general Report of 1919 (see p. 167), which also included a short appendix 

an the subject from Nunn [19191. G3 However, in the following year, 

Professor W. P. Milne [1920, p. 831 of the University of Leeds referred 

to the movement for secondary training, and remarked: 

So far as I know nothing has as yet been done by the Mathematical 
Association as a body in helping forward this movement, but surely 
the Mathematical Association will fail in its fundamental aims 
if it does not take a very active part in helping to decide what 
are the best courses of instruction to give to the student-teachers 
while in training. 

Milne went on to outline his own proposals in what was an except- 

ional article an this subject in the Gazette. It appears that between 

the Wars the MA did little more then publish a statement from the BE, 

prepared for the ICTM EMA, 1932b]o A comparative study for the NCTM 

[1939, p. 1661 concluded that: 

the Association has not pressed for reform in this direction 
with the zeal with which it has attacked the problems of 
improving mathematical instruction in the schools. 

This study contrasted sharply the English pattern where, for public 

schools pBrticularlyl preliminary training was still regarded as some- 

thing of a luxury, with the practices in America, where formal training 

was obligatory for secondary teachers, and the methods courses were much 

62 A Report of the NCTM 11939, p. 1551 referred to 'the discussions of 
the Association's Reports which form so considerable a part of the 
methods courses. ' 

63 The recommendation concerning training was omitted in the 1928 
revision of the Report of 1919, presumably because it was by this 
time more generally accepted as desirable. 
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more substantial than in this country. 
64 

One other facet qf the MA's early twentieth-century work was, its 

joint activity with the teachers of science. Such developments remain 

to be considered. 

Science Education 

The'important question of the influence of science education on 

mathematical education, and the opportunities for correlation between 

these domains will be fully explored in the next chapter. The various 

issues and possibilities emerged in the innovatory early twentieth- 

century period up to the War, and it is the organizational involvement 

of the MA that will be the principal consideration here. 

Eggar of Eton., a founder member of the APSSM in 1900, drew 

attention at an early stage to the need for correlation between mathe- 

matics and physicsq particularly in public schools, in an article for 

the School World [Egger, 19011. Egger himself became involved with the 

committee of the GAAS an mathematics teaching, and he provided teachers 

with much valuable guidance for practical and experimental work in 

geometry. 
65 Three years later, it was the APSSM that heard a paper on 

'The Possibility of Fusing the Mathematical and Science Teaching in the 

Public Schools' at their Annual Conference. In the discussion which 

followed, there were contributions from Jackson of Woolwich, Fletcher, 

recently appointed at the BE, and Siddons, all leading individuals in 

mathematical education [Schoolmasters Yearbook, 1905, p. 2231. In the 

following week, Jackson [19041 also gave a paper to the MA an mathematics 

and physics teaching, which was published in the Gazette. The APSSM 

had been the first of the two Associations to raise the question of 

64 The London Institute of Education, which grew out of the Day 
Training College, and whose development owed much to Nunn, 
provided a sixty-hour mathematical methods course, four times the 
average for twenty-two secondary departments in the NCTM's [1939l 
pp. 145-1521 survey. 

65 See his schedule for the BAAS [School World, 1902d, p. 3911, 
textbook [Egger, 1903a] ' and articles for the School World 
[Egger, 1903b, 1903c]. 
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correlation, though nothing tangible emerged. However, four years later 

the APSSM formally approached the MA, to arrange a conjoint meeting, 

which it was eventually agreed should take place in 1910, and, in the 

meantime a special Joint Committee was set up to investigate and report 

upon developments and possibilities in practical aspects of geometry, 

measurements, physics and chemistry; links between preliminary practical 

mathematics and science; the use of common definitions and mutually 

supportive content; the introduction of logarithms and the slide rule; 

and the teaching of mechanics EMA, 1909d, p. 421. The Joint Committee 

included Jackson, Siddons, Godfrey and Mair, appointed by the MA, and 

Borchardt, a leading writer of mathematics textbooks, but appointed by 

the APSSMI who were also represented by A. Vassall, a colleague of 

Siddons. at Harrow, and a founder member of the APSSM EMA, 1909e]. The 

Committee, with Godfrey as Chairman, also included two representatives 

of the Association of Preparatory Schools. 

In addition, the MA also became involved in a Joint Conference 

with the Federated Associations of London Non-Primary Teachers, held at 

the Polytechnic, Regent St.. towards the end of 1908. The scale of this 

Conference, which was attended by over one hundred and fifty people, was 

unprecedented for the MA [1909d, pp. 42-431. Apparently this venture led 

to some friction between the MA and the APSSM, as the Secretary of the 

latter objected toit as 'forestalling the action of the Joint Committee. ' 66 

One number of the Gazette, was devoted wholly to a Report of this 

Conference an 'The Correlation of the Teaching of Mathematics and Science, ' 

which was opened by Perry, who delivered a typically pungent address 

EMA, 1909a]. He launched a scathing attack on mathematical examinations, 

and drew attention to the great gains in correlation through the adoption 

of his practical mathematics for technical students. He acknowledged 

the recent contribution of the BAAS and the MA to the reforms in 

66 MA [1932c], minute 28/11/08. 
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secondary mathematicsl but could not resist commenting that 'all so - 

excellent as the syllabuses of the Mathematical Association are, they 

seem to me to possess too much of the orthodox spirit' Ep. 71. Godfreyt 

Jacksong Bryan, Nunn and Armstrong all contributed to the resulting 

discussion, where some of the problems of implementing change were 

clearly exposed. Godfrey felt that the MA's various recommendations 

would have little effect 'Unless some steps ... can be taken to give a 

new point of view to the mathematical masters Ep. 221. Armstrong referred 

to the misinterpretation of his own and Perry's ideals, and to the need 

for training mathematics teachers in the subject's applications. Summing 

up, Perry judged that the recent organizational developments gave some 

cause for optimism, but that there were other factors to consider: 

The things we hope for and ought to work for are a doubling of 
salaries, a diminution of the size of classes, the ousting of 
mere specialists, and completely getting rid of the outside 
examiner. [p. 381 

The Joint Committee of the MA and APSSM reported in the following year. 

Around thirteen hundred boys' schools had been circularized, but, 

disappointingly, only 279 qUEBtionnaires were completed, which somewhat 

limits the value of the Committee's ambitious statistical exercise. The 

percentage returns of fifty-five for public, twenty-two for grammar, and 

only twelve for preparatory schools give a good indication of the 

different levels of interest in correlation at this time. The Report 

provided much factual data concerning practices in relation to the 

committee's terms of reference (see pp. 179-180), including details of 

ages for the treatment of topics and the types of teacher involved EMA, 

1909e, pp. 1j7-131. The Report was considered at a Joint Meeting of the 

MA and APSSM, early in 1910, which was the culmination of this Committee's 

work. 

Forsyth chaired the Meeting, and Godfrey emphasized that the Report 

was not an official pronouncement from either Association, but was 
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presented 'on its own merits' EMA, 1910d, p. 2531. Armstrong and Nunn 

contributed to the discussion, and the problem of examination require- 

ments again arose, particularly with reference to the use of logarithms 

[p. 2G51. Nunn regarded the recommendations as only moderate in char- 

acter, but, in any case, the question of how to implement change 

remained largely unsolved. Certainly, innovation as regards correlation 

in particular schools Was a feature of this period up to the War, and 

the formal links between the MA and APSSM reflected the interest of 

particular individuals at this time. 67 

The importance of these links for general curriculum change, 

however, is another matter. Organizational activity concerning correlation 

was not sustained after 1910, and the various features of the relation 

between science and mathematics, both in theory and in practice, will 

be a major consideration in the next chapter. 

67 For example, two members of the Committee, Siddons and Vassall 
[19101, produced a textbook on Practical Measurements, which 
followed the syllabus publiBhe n the Report. 
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Chapter 5 

The Influences of Practical, Scientific 

and Technical Education 

In earlier chapters of this thesis, various features of control 

and change have been considered, with a major emphasis upon strategy 

and tactics in relation to curriculum development. Passing reference 

has frequently been made to the ideas and activities of particular 

individuals and organizations concerned with English mathematical 

education. However, no systematic attempt has yet been made to chart 

important changes in the general educational climate, or to consider 

the underlying forces which shaped the various pronouncements on 

curricula to which frequent attention has already been drawn. Further- 

more, the complex network of relationships between ideals, pedagogy, 

curricular recommendations and actual classroom practices needs to be 

explored further, in order to do justice to this remarkable period in 

the history of curriculum change. The task which remains is admittedly 

a formidable one, and particularly so as it will become clear that 

many of the important changes concerned methodology rather then syllabus 

content in mathematics, and the former is extremely difficult to assess. 

With B BpeCifiC fOCUB an elementary education in the period 1870- 

1914, a penetrating study of the relationship between theories and 

practices has been undertaken by Selleck [19681, who has valuably 

disentangled the various features of the I new education I which emerged 

in the late nineteenth century. The influence of the new thinking on 

teaching methods extended well beyond the confines of the elementary 

schools, and affected various aspects of school and college curricula, 

including mathematics. Selleck has postulated that the crumbling of 

moral and religious certainties, and the growing foreign threats to 

England's industrial and commercial well-being, were important under- 

lying factors in curriculum change, which, in particular, resulted in 
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a growing emphasis on science, technology and education for advance- 

ment within these domains Epp. 78-1011. AB Jenkins [1979, pp. 29v34-371 

has also emphasized, the burgeoning of science and technology brought 

about a tension between the older classical tradition and the more 

modern tendencies in secondary curricula, the development of separate 

classical and modern sides in public schools being one administrative 

consequence. 

The development of science teaching brought with it a new 

emphasis on heuristic methods, and there are implications for mathe- 

matics teaching, which will be considered later in this chapter Epp. 41- 

571. Within mathematics alsot concern shifted towards its applications 

and its relationships with science and other subjects! One consequence 

was the tendency to broaden the mathematical content of curricula. 
3 

Selleck [1968, pp. 227-2721 has also explored thedevelopment of-Herbartionism 

and its pedagogical implications, which included a strong emphasis on 

fundamental ideas and thought processes, resulting in a more unified 

view of subject-matter. 
4 Furthermore, the period from around 1890 and 

up to the First World War also saw growing refinement in educational 

thought, increasing pedagogical awareness from teachers, and the 

beginnings of educational research. In particular, the dominant nine- 

teenth-century doctrine of mental and moral discipline was eroded, and 

the discussion of purposes became broader and more refined, with 

greater concern for individual differences. 5 

Regarding teaching methods, Selleck [1968, pp. 102-1511 has drawn 

1 On the influence of the examinations of the Civil Service Commission 
here see pp. 57-58, and, in relation to mathematics, see the various 
remarks quoted in Chapter 3, pp. 101-102,123. 

2 Correlation of studies generally will be discussed in the next 
chapter, though the major links with science and engineering will 
be explored in this chapter. 

3 Such broadening will be explored in Chapter 7. 
4 Herbart's influence in mathematics will be discussed in the next 

chapter, and unification in Chapter 7. 
5 These features of the $new education' will be considered in the 

next chapter. 
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attention to the 'practical educationists, ' who campaigned for science 

and other practical subjectso as well as for more enlightened teaching 

methods. They shared common ground with the pioneers in infant 

education, who argued for and developed activity methods, which 

exploited children's interests, and necessitated a fundamental shift 

in the roles of the teacher and the learner. The implications of these 

practical tendencies for mathematics teaching will be considered first. 

Practical Methods in Education 

Some of the earliest enlightenment in general teaching methods 

in this country concerned the education of younger children. Children 

under the age of six were not directly affected by the rigours of 

payment for results, though the effects of the severe requirements for 

Standard I were also felt at the infant stage up to the 1890s. 
6 No 

attempt will be made here to consider in any detail the writings and 

general influence of pioneers in infant education such as Pestalozzi 

(1746-1826), Froebel (1782-1852) and, later, Montessori (1870-1952). 7 

The early influence of Pestalazzils thought on arithmetic teaching in 

America during the first half of the nineteenth century, when efforts 

were made to break away from the traditional mechanical cyphering 

methods, has been acknowledged by the NCTM [1970b, pp. 21-25,103-106; 

1970ay pp. 14-231. 
a In this earlier period, Pestalazzils influence 

also spread to this country, and his inspiration on the teaching of 

arithmetic to infants, up to 1890, has been considered in a thesis by 

6 BE [1933, pp. 18-19,281. Even in the early twentieth century, 
progressive tendencies in infant education, particularly number 
work, were constrained by the effects of Scheme 8 at Standard I, 
which was commonly used for examinations at the stage of transfer 
from the infant to the senior department [Ballard, 1912, pp. 3-41. 
On Scheme B see pp. 20-21. 

7 For a useful sketch of the development of infant education in 
England and Wales from the beginning of the nineteenth century 
see BE [1933, pp. 1-461, and for a discussion of the growth of the 
'naturalist' movement in the period 1870-1914, with an analysis 
of its early roots, see Selleck [19GS, pp. 179-2261. 

a Pestalazzils methods in arithmetic still warranted a discussion 
in Smith's [19009 pp. 78-871 general methods book. 
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Owen [1959, pp-66-781. 

Pestalozzi adopted a 'child-centredt view of education which 

emphasized the importance of individual differences and the systematic 

development of clear ideas through the training of the senses, including 

some actual use of various simple objects by the child. Pestalazzi 

opposed the 'tyranny of words' [Hudson, 1914, p. 41, and stressed the 

value of mental exercises. The child's motivation was regarded as an 

important consideration for the teacher, whose aim should also be to 

nurture and develup natural interests and curiosity [Selleck, 1968, p. 188; 

NCTM, 1970b, pp. 25,104-1051. Not surprisingly, the message often 

became garbled in practice, notably in the case of 'object lessons, ' 

which were a common form of rudimentary science teaching during the 

nineteenth centuryl though normally they merely involved a verbal 

performance in the presence of objects, or pictures of objects [Gordon 

and Lawton, 1978, pp. 134-1361. Many of Froebel's ideas were derived 

from Pestalozzi EBEv 1933, p. 243p in particular the emphasis on the 

natural growth of the child from within, as opposed to the forming of 

the child from without, though the character of their writings and 

detailed prescriptions differed. 

Froebel's general philosophical framework need not be considered 

herey though his principle of 'self-activity' and the tactics of the 

Kindergarten have important links with the subsequent development of 

practical work not only in infant education, but also in technical 

education, and eventually in elementary and secondary education too. 

As Selleck [1968, p. 2031 has pointed out: 

It was not in the Kindergarten only that, the influence of 
pestalozzi and Froebel was felt. Those alert opportunists, 
the practical educationiStB, were swift to invoke their Support 
and to adapt their teachings. Manuel trainers ... testified 
to their influence. 

Their common slogan was 'learning by doing, ' which could be applied 

to all kinds of curricula, and to mathematics in particular. It was 
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not Froebel's methods involving play, songs and games, and the ritual 

of the 'gifts, ' but rather the 'varied occupations' such as paper 

folding and cuttingl manipulating objects, drawing, measuring and 

modelling which had obvious potential for more general adoption in the 

teaching of arithmeticl mensuration and geometry [Garlick, 1898, p. 86; 

Selleck, 1968, pp. 194-1961.9 

The influence of Froebel in England developed conBiderably after 

1870, in particular through the efforts of the Froebel Society from 

1874 and the enterprise of particular School Boards. The establishment 

of Kindergartens, training facilities and a system of examinations 

for women teachers of infants were all contributory features of the 

movement EBEj 19339 p. 251. The Education Department also became 

involved in the developments from around 1880, and the rigid mechanical 

implementation of the methods of Froebel, notably the 'gifts' and the 

'occupations, ' was an official cause for concern, expressed through 

the Codes, Instructions and Circulars to HMIs Epp. 26-281.10 As in the 

case of 'object lessons9l teachers' actual practices were often far 

removed from the ideals upon which they were supposedly based. In the 

early twentieth century the 'naturalist' movement gained further 

strength, and began loosely to embrace other educational thinkers 

such as Mary Boole,. wife of the mathematician George Boole, the 

American John Dewey, Maria MonteSSDri and others, all with varying 

shades of opinion, but some common ideals concerning the child 

9 In particular, making patterns an squared paper was one activity 
for infants towards the end of the nineteenth century,, which 
Elizabeth Williams has recently recollected. She is the subject 
of one of Howson's biographical studies (see Chapter 1, note 12). 
I am grateful to Dr. Howson for providing this example. The 
general use of squared paper will be discussed later in this 
chapter. 

10 Circular 322 was particularly influential, and was the basis 
for the section on infant education in the Suggestions of 1905 
(see p. 20). 



ILLUSTRATIVE SYLLAMUS L"; ARITIMETIC. 

INFANT DEPARTMENT. 
Timo gilren por d. ty,. '10 winutoti. 
Thno given p-rueek, ' 'I bours. 

Gr-tt)r 1. (3-11 years). 
No number teaching evcept. incidentally ill counection mith oames. 

toys, &'C. 

Gjaw: 11. (11-51 years). 
Elementary idea of munix-r tip to G. Taug-lit, b games, concretes, 

dra. wing, &c. Number pictumm to G armuged in brilcla, cubes, cotuders, 
alielbi, Leans, kads, &c. Number pictum drawn in dotnýinws, Squares, 
circles. 

C, juvj. IN (51-Ci years). 
Couilwison of lines, surface, 4. solids. Drawing of lines equal to, longer 

or shorter than line drawn by teacher. 
Measurement using inch and foot. Exercises to teach Inch and half- 

inch marks on ruler. To estinutto theso lengths. 6 in. rulers marked by 
children (pajoer) (I in. square tablets used). Draw, warl'. wid cut, from I in. 
squared paper, fiqw-tres and oblongs of 1, '21,3,4,5,6 In. side. 

Foot. to teacb, I foot = 12 Inches; half-foot, 
6 inches; pound and half-pound; sticks of 1.2,3,4. and 6 inclica ISed 

to coubtruct foot lengths. TeMedbyl21n. ruler. 
Pint and half-pint4--Exercises with actual measurcs und water. 
Half and quarteri-Taught by juiper folding and cut ting. 
Half, e-Square folded into oblongs and nluo Into triangles. 
Quarter. -Square folded into bquatres and Ono into trianglea; paper pies, 

apples, &c., cut Into balves and quarters. 
Number. -To count to and front 10 by one-3. tivos, to Awalysis Of 

numbers 1 to 10 into parts und into factors. Keeping shol; - 
No formal 

addition or subtraction. very Simple exercit4es. Concrete examples Only. 
To rnako number dominoes and pictures. 

Apparutua, Slripa of curdboard cut Into lengthe of 1,2,3.4,5.6.7, 
8.9,10 inches, on(, ,,. t opt by each child. Bono counters, square tablets, 
bends, sticks, Gift ITT., Gift IV., beans, abellm, cardboard coins, measures. 
sqiiarc(lpalw--r(lin. i; quarei4). Four- I nch I-hiper squares. 

Illustration 26 Practical Methods in Infant 
Mathematics [Spencer, 1912, pp. 37-381 
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s 

Epp. 39-41; Selleck, 1968, pp. 201-2201.11 An illustrative scheme for 

infant mathematics, published in the Speqial Reports before the War, 

well demonstrates the extent to which practical methods might have 

inspired the teaching at this early stage, though this syllabus should 

not be regarded as typical. 
12 (See Illustration 26. ) The BE's [1912c, 

p. 121 revised Suggestions recommended varied practical activities so 

that 'every child shall not only see, but handle, estimate, measure, 

and construct for himself. ' Clearly, there were many exciting new 

possibilities emerging at the infant stage, particularly following the 

end of payment for results. However, as regards the development of 

mathematical education generally, it is the thinking and influence of 

the 'practical educationists' which warrants Closer scrutiny. 

The common interest in-activity methods of learning shared by 

the 'practical educationists' and the infant education movement has 

already been mentioned (see p. 185). However, as WDrmell 11897, pp. 82- 

831 pointed out: 

although the educational methods which are associated with the 
name of Froebel have been brought very near to perfection in the 
Kindergarten, they are to a great extent suspended when the pupil 
passes from the Infant School. They reappear, however, in the 
schools and colleges devoted to Technical and Experimental 
Science .... It is very desirable that we should bridge over 
the gap .... 

Wormell referred in the latter case to the use of experimental and 

graphical methods, which he Justified in terms of 'hand and eye' train- 

ing, heurism and motivation: 

11 For a selection of Mary Boole's writings see Association of 
Teachers of Mathematics [19721. Eggar 11903b, p. 1441, in an 
address to the London Conference of Science Teachers, recommended 
her little book, Cultivation of the Mathematical Imagination, 
for inspiration concerning early work in experimental geometry. 
Dewey's thinking, with its emphasis on active enquiry, inspired 
Findlay in particular, and for the American's general influence 
on official publications in England see Burston [19611. 

12 For a discussion of principles guiding infant number work see also 
Raymont [19101, Vice-Principal of Goldsmith's College, in an 
address an this subject to a Conference of the LCC. In practice, 
progressive tendencies were constrained by class sizes of fifty 
and more# lack of resources, and the influence of the senior 
departments' examinations (see p. 185, note 6). 
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The charm of these methods Will always be, as in the Kindergarten, 
inherent in their nature. They give something to be done by the 
hand and followed by the eye, keeping pace with the courae of thought 
and reasoning ... the pupil ... is constantly on a voyage of discovery, 
and has all the pleasure and stimulus of an original investigation. 
Ep. 831 

Perry [1896, p. 511 also referred to the ideals of the Kindergarten 

and admitted 'I feel so strongly about the necessity for experimental or 

kindergarten methods of education being adopted. ' Five years later he 

also expressed a wish that 'a good teacher will educate the hands and 

eyes of his pupils, so that they may become expert in guessing the weights 

of objects, and small and large distances' [Perry, 1901a, P. 271. 

Both Wormell and Perry were I practical educationists, I in the sense of 

Selleck [1968, pp. 102-1511, who has considered the ideals of this group, and 

their work in relation to elementary school curricula. They shared a common 

concern for the maintenance of Britain Ia industrial supremacy and actively 

sought to prevent its decline. 13 Their strategy included the promotion of the 

newer subjects of drawing , manual training, science and nature study, as well as 

the development of more practical teaching methods across the curriculum, 

including mathematics. Thus, this group sought to narrow the gap between the 

activities of the Kindergarten and the experimental methods which were developing 

within technical education. 

With the stimulus of industrial neecl-, as well as the support of general 

educational arguments, the campaign for the spread of both manual training and 

drawing made considerable headway in elementary schools over the last two 

decades of the nineteenth century [Millis, 1925, pp. 89-92; BE, 1913c, pp. 136-1371. 

However, these developments only affected the higher Standards, and the champions 

of manual training, such as Magnus and Ballard, sought to extend the benefits of 

practical work to the lower Standards by providing systematically for such 

exercises as paper folding, tearing and laying, bead laying, string 

measurement and division, clay modelling, colour sorting and drawing 

13 This commonly used Justification for the promotion of subjects 
like science is referred to as Ideclinismt by Brock E198o, p. 1721. 
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on squared paper [Selleckv 1968, p. 1111. The Sloyd movement for 

educational forms of handwork, from the 1880s, also contributed to the 

dissemination of practical activities to serve educational rather than 

14 
industrial purposes Epp. 113-1151 . In the case of. mathematical 

education, what is important is that activities such as paper folding, 

cutting, measuring, trawing, and using squared paper had the potential 

for adoption as part of a general teaching strategy, and not just as 

another subject on the timetable. Furthermore, the arguments used to 

justify drawing with ruler and compasses, and manual training in paper, 

card, wood and metal could also be used to justify new tactics involving 

practical activities in the mathematical classroom. 

The 'practical educationists' used the generally well-established 

faculty psychology to support Practical work as a training for such 

powers as observation and accuracy, but they also used a particular 

argument which claimed that co-ordinated activities involving the eye 

and the hand i. eo hand and eye training, somehow also developed the 

15 
mind [Selleckv 1968, pp. 116-1181 . Significantly, Godfrey [1908, 

p. 2531 later referred to this argument in relation to laboratory work 

in mathematics, which 'satisfies the need for co-ordination between 

brainy eye and hand, which many teachers believe to be inherent in 

the nature of the British bay. ' The 'practical educationists' also 

sharply contrasted their practical emphases with the excessively 

bookish tendencies in education: 

So long as school life above the infant school is a somewhat 
dreary routine of mere book learning, with not much relation 
to after life, and little training of the hand and the eye, so 
long many of our children will leave school with a great 
repugnance to school teaching.... 16 

14 The Sloyd movement originated in Sweden. For a useful historical 
and comparative sketch of the development of constructional 
handwork in various forms see BE 11913c, pp. 132-1401. 

15 Faculty psychology will be considered more fully in Chapter G. 
16 Quoted from a leaflet of the National Association for the 

Promotion of Technical Education in Millis [1925, p. 921. 
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In relation to mathematics specifically, it is significant that, 

by 1902, Findley [1902, p. 1851 was able to single out the following 

as three major pedagogical principles at a time of 'impending reforms: ' 

[1] Mathematical knowledgep like all other knowledge, has its 
foundation in the senses; abstract thought must be based on 
concrete experience, and in the immature mind must constantly 
revert to concrete experience as an aid to abstraction.... 
[21 Self-activity. - By 'using' squared paper, by measuring, by 
plotting curves, etc.... 
[31 Intuition. - Many mathematical truths can be apprehended and 
rationally employed long before they can be reduced to formal 
expression in a system of philosophic thought. 

Findlay traced the first principle back to Pestalozzils emphasis an 

AnBchauung (senBe-abservation), and referred to the second as part of 

'the stock-in-trade at this moment of every lecturer an education, [p. 1851. 

These two principles also came to be loosely linked with the third. 

As he pointed out, what was required at this time was 'to determine 

ways and means by which these saving principles Cas'well as correlation] 

can be applied to school mathematics' Ep. 1851. It is not surprising 

that when a Committee of the BAAS was appointed in 1903, to consider 

elementary education, and with a membership including Magnus, Perry 

and Armstrongg that the terms of reference focused an 'Experimental, 

Observational, and Practical Studies' [BAAS, 1907, p. 4381. The Committee's 

Report three years later worked through in considerable prescriptive 

detail the various principles referred to by Findlay, with reference 

to arithmetic, mensuration and practical geometry, 
17 

Early twentieth-century practical trends were captured by 

Branford 11908, p. viii], now an LCC Inspector, who observed: 

Attention is now beginning to be paid in rapidly increasing 
measure to mathematics on its experimental and graphical side, 
and is exemplified by the use of drawing-boards, improved 
mathematics instruments, squared paper and spherical blackboards. 

Branford went on to mention one further and more dramatic sign of a 

changed outlook, namely the provision of mathematical laboratories 

'well stacked with clay, cardboard, wire, wooden, metal, and other 

17 For further detail concerning this Report see pp. 127-128. 
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models and material, and apparatus for the investigation of form, 

mensuration and movement' [p. viii]. 

By 1910, the international interest in practical methods is 

demonstrated by the ICTM's choice of 'Anschauung und Experimentf. in 

secondary mathematics as a first major focus for international comp- 

arisons. This was translated as 'Llintuition et l1experiencel by the 

Frenchl and as 'intuition and experiment' by the English and Americans 

[Smithq 1913, p. 6111. Such methods were taken to include the graphical 

study of statistics, functions, vectors and statics; the use of slide 

rules, mathematical tables and squared paper; contracted methods of 

computation; geometrical drawing; practical mensuration and surveying; 

and practical astronomy. Godfrey [1912b, p. 4371 reported on a survey 

of English secondary schools for the ICTM and referred to 'intuition 

and experiment' as 'the keynote of modern mathematical education. ' 

In summary, he found: 

The use of graphical methods in elementary algebra teaching is 
universal and entirely a 20th-century development. Other aspects 
of the same movement are the adoption of descriptive geometry by 
the mathematicians, the use of handy 4-figure tables, and of 
graphical methods in statics, and, though, in these cases, the 
victory is less complete then that of the 'graph' it is 
remarkable and equally modern. Ep. 4371 

Smith [19131 reported an corresponding developments in Austria, France, 

Germany, Switzerland and Americee 18 

One aspect of the movement towards more practical methods was 

the advocacy of experimental methods which, as Wormell [1897, p. 831 

pointed out, might, though not necessarily, involve the learner in 

actually finding out for himdelf through his own experimentation. 

Arguably, this process would be more motivating then watching a 

demonstration or being told some result, and, possibly, being instructed 

to test it. Such methods will now be considered. 

18 These developments will be considered in more detail later in 
this chapter. 
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Illustration 27 Armstrong's Heurism Applied to Early 
Geometry Teaching [BAAS, 19070 pp. 457-4581 
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shift of emphasis towards experimental methods, including heuristic 

methods, in the teaching of mathematics. 

Heurism as a method of teaching science is normally associated 

with Armstrong, 'the champion of the heuristic approach' [Brock, 1975a, 

p. 751, who, from the 1880s, campaigned for the adoption of such methods 

in this'country [Brockv 19731. Some of the antecedents of heurism in 

science have been explored by Brock [19711. Armstrong's [18981 views 

were publicized by the Education Department in an early volume of the 

Special Reports. By 1902, Findley E1902, p. 1851 could refer to the 

'Armstrong method' as one of a number of pedagogical panaceas which, 

as he amusingly added, some ignorant teachers 'confound with a novel 

device in corporal punishmentIl The growth of heurism in science, and 

the increasingly critical reactions to the method and its rationale, 

up to the end of the First World War, have been considered by Brock 

[19731 and by Jenkins [1979, pp. 41-561. What is important for mathe- 

matics teaching is that elements of heurism could be transferred from 

the science laboratory to the mathematical classroom. A splendi_d example 

produced by Armstrohg himself for a Committee of the BAAS, which 

considered practical methods in elementary schools, well illustrates. 

some of the possibilities in relation to early geometry teaching. . 
(See 

Illustration 27). 20 

An early mathematical methods book by the American Young [19071 

included separate chapters on the heuristic method and the 'laboratory 

method, ' the latter being particularly associated with Perry. In the 

case of heurism, Young Ep. 691 referred to the writings of the Spencers, 

Armstrong and Wormell in particular. Regarding English conditions, 

wolff [1915, pp. 119-1211 contrasted as opposites the traditional 

leuklidische Methodel and the newer 'praktisch-heuristische Methode. 1 

20 In practice, the crux was finding teachers with the ability and 
confidence to transform their style and teach in this way. 
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which he associated with Perry and Armstrong. By the First World War, 

the main concern was to maximize the benefits of both these pedagogical 

extremesq particularly in geometry teaching. 21 
Around the turn of the 

century, it is significant that some of the early advocates of heurism 

in mathematics were familiar with the science laboratory as well as 

the mathematical classroom. 

Wormell [1900, p. 2411 discussed various methods of science teach- 

ing, including the destructive Socratic method and the more construct- 

ive heuristic method which 'is applicable to other subjects - to art, 

to geometry, to algebra, etc. ' He described in detail one interesting 

algebraic example of the method. By employing a set of wooden cubes 

to build up progressively larger squares, and through carefully graded 

questioning: 

the mode of forming ... successive additions was deduced, and the 

fact that 1+3+5+... +(2n-l)=n 
2 

was established, and, it may be said, 
was discovered by the pupil. [p. 2411 

In the case of geometry, Wormell [1902, p. 2111 referred to 'what the 

Americans call "inventional geometry, "' as a stage between that of the 

early exploration of geometrical forms, drawing and measuring, and the 

stage of demonstrative geometry. He provided an illuminating-example, 

based on the construction of an equilateral triangle (Euclid I, 

proposition 1): 

Having constructed the triangle ABC, construct equilateral 
triangles on each of the sides, and again on those sidesy and so 
on. We thus learn the following: - (1) to construct a regular 
hexagon; (2) the hexagon is composed of six equilateral triangles; 
(3) the whole sheet of paper, that is to say, any plane area, may 
be completely covered with hexagons and therefore with equilateral 
triangles; (4) commencing with the side AS, if we. construct ABC, 
then on AC, ACD, then on CD, CDE, and join EA, we see from the 
symmetry of the figure that we have erected a perpendicular to 
AS at its extremity; (5) to construct a square; (6) to cover the 
surface with squares, etc. Ep. 2111 

Findlay [1902, p. 1861 described his own work with a first year 

secondary class on a correlated syllabus of practical measurements, 

21 Geometry teaching will be discussed in Chapter a. 
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geometry, arithmetic and drawing, where the pupils 'do not know 

whether they are "doing" Science or Mathematics. ' He referred to his 

approach as the 'developing method, ' which he characterized thus: 

the pupils have been allowed an abundance of concrete examples on 
the blackboard, and with paper and cardboard. From these they 

have made comparisons and arrived at concepts. The teacher then 

supplies the technical terms, and the results are expressed in 

appropriate language, and written carefully in a note-book. 
[P. 1861 

At this time, Nunn [19031 was also implementing a correlated syllabus 

of mathematics and science at William Ellis Endowed School, before he, 

in common with Findley, entered the field of teacher training. Eggar 

was another innovator in mathematical education, who also taught physics, 

and was a leading figure in the early geometrical reforms. 
22 In the 

preface to his Practical Exercises in Geometry [1903a, p. vl, one of 

the new experimental geometries, he acknowledged that: 

This book is an attempt to adapt the experimental method to the 
teaching of Geometry in schools. The main object of this method, 
sometimes called 'heuristic, ' is to make the student think for 
himself, to give him something to do with hisý hands for which the 
brain must be called in as a fellow-worker. The plan has been 
tried with success in the laboratory, and it seems to be equally 
well-suited to the Mathematical class-room. 

As regards the teaching of arithmetic in elementary schools, the 

heuristic method also featured prominently in a paper by Adolph 

Sonnenschein [19021 for the BE's Special Reports. Sonnenschein distin- 

guished three methods of teaching - 'cram, ' 'demonstration, ' and 

I investigation and provided illustrative, examples of the. ap , Oýlication 

25 
of these methods. The discussion of the problem V-7 was particularly 

rich, with the heuristic dialogue extending to around four pages, which 

well illustrates the subtlety and complexity of this method in practice. 

(See Illustration 28. ) No doubt, the vast majority of teachers would 

have been content to employ 'cram, ' or, possibly, 'demonstration. ' 

Howeverp over the early years of this century, elements of heurism 

certainly filtered through to the teaching of mathematics, particularly 

22 See p. 179 an Egger's activities. 



197 

geometry, and mainly through the efforts of textbook writers such as 

Eggar, some of whom even included terms such as 'heuristic, ' 

'observational' or 'experimental' in their titles [British Museum, 

1906, pp. 508-5091.23 Barnard and Child [1903,19081, for example, 

were important co-authors of new textbooks for Macmillan, and Child 

[1904, p. 4681 justified the new approach, in a lecture to a Welsh 

Educational Societyl as follows: 

it would teach the pupil to find out things for himself, ioeo, how 
to learn and how to apply knowledge already acquired to gain further 
knowledge, or to practical purposes; whilet the desire for knowledge 
for its own sake is more likely to be fostered by a method such as 
this than by the old system in which 'interest' played a very 
subordinate part. 

Heurism also became a feature of the general theories of mathematical 

education of Branford, Godfrey and Nunn, as well as the American 

Young$ already mentioned (see p . 194). 

Branford [1908, p. 1561 enunciated as one of his 'subsidiary 

principles' that 'the pupil should be guided to the DISCOVERY of 

definitions, theorems or truths, rules of operation, etc., for himself, ' 

and he used the history of mathematics to provide theoretical support 

for the principle. Godfrey, in a paper written around 1911, suggested 

that 'A schoolboy should be a kind of discoverer' [Godfrey and Siddons, 

1931, p. 191. He also considered the roles of induction, deduction and 

intuition at different educational stages, and argued for a varying 

blend of the scientific emphasis on guided discovery through observation 

and induction with the pure mathematical emphasis an deductive proof 

Epp. 18-251. 

Nunn was, like Branford, also inspired by historical considerations 

and proposed a recurring three-phase cycle as a model for the learning 

of mathematics. The cycle involves beginning with a problem to 

stimulate interest - the 'heuristic phase' - followed by a 'formal 

23 one exceptional arithmetic textbook by Granville and Rice 
[undated] was entitled A Heuristic Arithmetic. 
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phase' in which the ideas and methods required to solve the problem 

are elaborated and possibly extended. Finally, in the 'application 

phase, ' the newly developed ideas and methods are applied to fresh 

problems, thereby initiating new cycles [Price, 1976c, p. 311. Nunn 

[19141 adopted this model for the writing of his seminal textbook on 

algebra. Godfrey and Siddons [19121 also adopted the sequence - 

problem, reinforcement, application - for the writing of the earlier 

sections of their textbook on algebra. 

What should be clear from the discussion thus far is that the 

dominant early twentieth-century view of heurism in mathematics was 

one of closely guided discovery by the pupils of some anticipated 

result by the teacher, through suitable problem posing and a sequence 

of leading questions. More open situations, where the process of 

problem solving may be more important than any more tangible product, 

do not appear to have been considered. However, an exceptional Irish 

Memorandum of 1923 did open up some wider possibilities, and the 

following extract, though rather lengthy, does give a good indication 

of the nature of this more challenging form of heurism: 

Mathematical faculty can not be acquired merely by listening nor 
by reading what others have thought out: it is not even necessary 
to have assimiliated a certain amount of known matter before 
proceeding to independent exercise of the mind on the subject. 
There can be no real appreciation of formal solutions of 
mathematical problems till the pupils themselves have been beaten 
by the problems: that presupposes individual or collective effort 
in the Solution and an unprejudiced attitude on the part of the 
teacher. A non-committal attitude on the part of the teacher and 
free play to every suggestion coming from the pupils are of the 
utmost importance in the development of mathematical outlook. 
Suggested methods should not be declared wrong until they have 
proved themselves to be wrong, and pupils should feel that there 
is merit in honest effort, apart from error involved. 

The development of the subject, the whole nature of the 
course, should depend more on the success of the efforts of the 
pupils than an any predetermined programme. A programme may give 
a broad outline of the scope of activities, but it can give no 
hard and fast guide to the subject-matter or order of treatment 
which will be most beneficial to a particular class of pupils. 

Mathematical text-books, in general, deal exclusively with 
the final and often abstract solution of problems, independently 
of the conditions under which the problem arises, of earlier 
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tentative efforts which have culminated in the given solution, 
and of the psychological impulses which have stimulated the 

spirit of enquiry. To ignore entirely this psychological 
element is a mistake; the pupil's mind, if it shows activity 
at all, must repeat more or less closely the attitudes of mind of the 
original mathematicians in their original quest. [Aireacht an 
Oideachais, 1923, P-51 

Historical patterns in mathematics were again an important factor 

behind these recommendations, and the writings of Young, Branford and 

Nunn, amongst othersp were acknowledged. The problem 'How many diagonals 

have figures of four, five, ten, one hundred sides? ' Ep. 51 was 

discussed in some detail to illuminate the possibilities. 

It is impossible to measure the extent to which heuristic methods 

of teaching became adopted in mathematical classrooms in the early 

twentieth century. The more open possibilities, which make the 

greatest demands on a teacher's mathematical confidence, flexibility, 

and ability to step down from a position of uncompromising authorityl 

were very far in advance of their time. The more rigid, safer and 

potentially more ritualistic forms of heurism are likely to have had 

a better chance of adoption, though, in this case, as with the methods 

of Froebel and Pestalazzi, it is likely that the ideals of Armstrong 

and others were often far removed from actual practices, where the 

interpretations of textbook writers and teachers were the key factors. 

Nevertheless, the general idea of 'try it and see' had certainly come 

to stay in mathematical education. 

Thus far, the discussion of the links between science and 

mathematics has been restricted to the general question of teaching 

and learning styles. However, the issue of correlation between the 

two subjects also rose to Prominence, initially to serve the interests 

of science, but subsequently for the mutual benefit of both subjects 

in the curriculum. 

Science and Mathematics Teachinq 

Before the general development of science teaching, school 
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mathematics could ignore this subject's distinctive demands, and 

correlation as an issue was unimportant. However, as a leader in 

the Educational Times subsequently put it, 'With the rise of 

experimental sciencep new conditions appeared' [College of Preceptors, 

19120 p. 2301. This same writer also drew attention to the following 

judgement: 

Prof. Klein of G'b'ttingen gives 1890 as the date at which physics 
began to make insistent demands an mathematics, and declares 
that this date marks the climax of the anti-mathematical 
feeling. Ep. 2301 

In this country, the important late nineteenth-century cleavage 

between the classical and Modern conceptions of secondary education, 

the letter giving prominence to science and mathematics as its queen 

and servant, was mentioned at the beginning of this chapter. The 

creation of new secondary schools, modern Be opposed to Classical 

, sides, and army classes, in response to shifting parental and 

vocational demands, as well as the pressurizing of the scientific 

community, notably the BAAS, and support of the DSA's system of grants, 

all contributed to the growth of secondary science teaching, together 

with the provision of laboratories, particularly during the 1890s 

[Findley, 1902, p. 184; Fletcher, 1912, pp. 93-941. In 1918, the 

Prime Minister's Committee on Natural Science reported: 

For the last twenty years the attention paid to laboratory work 
has been an outstanding feature of the science teaching in 
English schools, and results of great value have arisen from it. 
[Report (Thomson), 1918, p. 211 

The elementary schools also became caught up in the new enthusiasm 

for science during the 1890s [Selleck, 1968, p. 1231. 

The hold of classics within the public schools was, however, 

still strong around 1900, as Hurst [19011 pointed out in a letter to 

Nature, as did Minchin [1901, p. 2271 whilst reviewing Perry's 

contribution to Ideclinism, ' England's Neglec"t of Science. Minchin 

referred to the continuing dominance of a scientifically ignorant 
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classical elite over the leadership of the public schools, and 

remarked 'the "modern side" does not rank high in the estimation of 

the public school, and science is dignified with the name of "stinks"' 

Ep. 2271. It was Bryan [1902, p. 901 who around this time highlighted 

the general implications of this conflict for teachers of mathematics 

(see P. 102). 

The cause of public school science was helped forward by the 

energies of the APSSM from 1900, and, at an early stage, Egger [1901, 

p. 3611 spelt out the pressing need for at least some correlation in 

'ordinary' public schools, where: 

mathematics and physics are two departments completely separate 
from each other; and the elementary Practical Physics, which is 
demanded as the foundation of a boy's scientific training, has 
to be taught in the physical laboratory and by the science 
master. This is doubtless right and reasonable: but my 
contention is that the science master finds himself obliged to 
teach practically a great many things that could be taught 
more effectively in the mathematical classroom, and to invert 
the accepted order of mathematical teaching. 

Findley [1902, p. 1841 also drew attention to this problem f or science 

teachers who 'find they cannot proceed further in the improvement of 

science (i. e., of physics) [Findlay's parenthesis] unless mathematics 

is treated on sounder lines. ' He also singled out correlation as one 

guiding educational principle for mathematical reform, and he referred 

to this principle as: 

the outcome of the desire to rank mathematics in its place as 
the handmaid of science. Not, be it observed, as a tool for 
engineers, but in close correlation with the needs of the 
science syllabus right through the school. [p. 1851 

Clearly what was needed at this time was a new outlook from 

teachers of mathematics, to develop some correlation with science and 

also to rejuvenate the methods of teaching mathematics. However, 

finding teachers capable of adapting to the new demands was problematic, 

given the strength of Cambridge's hold on the academic education of 
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mathematics teacherst and the character of that education. 
24 

Thus 

Egger [1901, pp. 361-3621 hoped for greater flexibility in the mathe- 

MatiCB curriculum to serve the teacher of physics, but added: 

many men who have been through the strict course of mathematical 
training which culminates in the Cambridge Tripos are perhaps 
inclined to over-estimate its educational value.... Rightly 

suspicious of anything that seems like trying to shirk 
difficulties and to go too fast, they object to any interference 
with the accepted order of subjects.... 

What seems significant is that individuals such as Wormell, 

Findleyp Egger and Nunn, who were notable leaders in mathematical 

education, were able to blend a. mathematical and a scientific outlook, 

and, at an early stage, were translating the ideal of correlation into 

some kind of reality. Siddons E1952b, p. 31 also later admitted that 

, my work for the Natural Science Tripos had changed my attitude to 

mathematics-' Furthermore, during the critical period for the reform 

of mathematical examinations discussed in Chapter 3, it was the 

London Conference of Science Teachers who chose to devote half of its 

Fifth Annual Conference, in January of 1903, to reformed methods of 

teaching mathematicap particularly geometry, with addresses given by 

Egger [1903b] and by Siddons in particular [A. T. S., 19031.25 

Some organizational developments concerning correlation between 

mathematics and science were surveyed in the last chapter (see pp. 179- 

182), where it was shown that the MA did. not become actively involved 

until 1908, by which time the major reforms in the period 1902-1904 

had permeated the system. However, individuals had already taken the 

initiative concerning correlation, and the implications with regard 

to the teaching of practical measurements and the development of 

mathematical laboratories will be considered first. 

As early as 1869 Sylvester [1870, p. 61 expressed to the BAAS 

his enthusiasm for the possibility of school science teaching, and, 

24 The Cambridge Tripos was discussed in Chapter 2, pp. 71-74. 
25 On this Conference, see also p-116, note 50. 



203 

prophetically, added: 

I think that that study 
hand in hand together, 

each other for their mu 
mathematics taught with 
presence and example of 
not fail to imPBrt..?. 

and mathematical culture should go 
and that they would greatly influence 

tual good. I should rejoice to see 
that life and animation which the 
her young and bouyant sister could 

At the time this was wishful thinking, but, in the following year, 

Perry accepted a post as second mathematical master and lecturer in 

physics at Clifton College, one of the new proprietary schools which 

took science teaching seriously. In 1871, at the suggestion of the 

Headmaster, Dr. Percival, Perry established a physical laboratory and 

workshop at the College. 
26 He left Clifton in 1874, and the extent 

of his impact on mathematics teaching and its relation with physics 

at the College is likely to have been limited at this time. 
27 

However, 

at the same school, from 1875, A. M. Worthington pioneered a course of 

practical work in elementary mensuration and hydrostatics which 

subsequently became generally adopted as a first course in practical 

physicsy called 'elementary physical measurements, ' which was widely 

disseminated through the DSA [Fewdry, 1912, p. 400; Jenkins, 1979, pp. 30- 

331. Armstrong also campaigned for a simple laboratory approach to 

mensuration, on the lines of Worthington, and it became a commonplace 

in elementary schools [Egger, 1901, p. 361; Jenkins, 1979, pp. 41-421. 

Eggar [1901y p. 3611 commented: 

In primary schools the new teaching is altogether beneficial. 
A little cheap apparatus is bought or made, and the teacher 
uses it to supplement and explain lessons in arithmetic. 

Ideally, Egger regarded physical measurement as 'an extension 

and application of mathematics; ' which should not be taught by a 

different teacher as a separate subject, as had occurred in the case 

26 Turner 11926, p. il. Perry 11900a, pp. 73,941 claimed that the 
workshop and laboratory at Clifton were the first established 
at any school, though he later acknowledged an earlier initiative 
at Rossall. 

27 For some discussion of the difficult question of what Perry 
actually achieved at Clifton see Brock and Price [1980, pp. 373- 
3741. 
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of many public schools Ep. 3611. For example, at Harrow, Ashford, who 

later moved to Dartmouth, introduced a course of physical measurements 

in 1896, but it was un-correlated with the mathematics teaching, and 

restricted to the science laboratory. However, in ten years the 

situation had been transformed, and the developments were subsequently 

summarized by Siddons [1912, p. 4041: 

Some six or seven years later 11902/19031, at the time when 
great changes were being made in the teaching of Mathematics, 
some drawing and measuring was begun in the ordinary 
mathematical lessons, but this was quite independent of the 
work ... which was still being done in the science schools. 
About 1906, the course of measurements and weighing previously 
done in the science schools by the science masters was begun 
in the mathematical laboratories under the supervision of the 
mathematical masters. 

Thus, in addition to the practical tendencies in geometry, it 

was also the case with arithmetic and mensuration that teachers of 

mathematics gradually came to realize the possible benefits of a more 

practical and experimental approach, which their scientific colleagues 

were already implementing in the laboratory. With simple aids like 

drawing instruments, Scissors, tracing paper, squared paper, string, 

sets of cubes, and solid models, it was possible to undertake in the 

mathematical classroom a good deal of the work in simple practical 

measurements, though weight and liquid capacity required more elaborate 

apparatus. Moreover, such practical work could be correlated with the 

mathematical teaching of fractions, decimals, length, area and volume, 

as well as the use of formulae and graphs [Eggar, 1901, pp. 362-3631. 

The birth of mathematical laboratories is a further and more dramatic 

sign of the changed outlook at some schools, where certain enthusiastic 

mathematics teachers were prepared to take an more ambitious forms of 

experimental work. 

Particularly in the case of public schools, it was not only the 

interest of individual mathematics teachers in exploring further the 

links with science which serves t, o explain the rather surprising 
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creation of school mathematical laboratories. An important stimulus 

was provided by the new requirements for army entrance which were 

announced in 1904. For the Leaving Certificate in Elementary 

Mathematicap practical measurement of length, area, volume, weight 

and angle was prescribed, as well as the Principle of Archimedes, 

with further practical work in hydrostatics and mechanics required 

for the Competitive Examinations to enter Woolwich and Sandhurst 

[Lodge, 1904, pp. 452-4531. As Siddons [1912, p. 4071 later admitted: 

About 1904, owing to changes in the Army entrance examination, 
it became necessary to teach practical mechanics to boys in the 
Army Class. It was then that the mathematical laboratories 
were equipped and some mechanics was first taught from the 
experimental point of view. 

At Harrow, two such laboratories were established, one for measurements 

and the other for mechanics Ep. 4031. 

At Winchester, Godfrey and his department also developed an 

experimental course, to be pursued in a mathematical laboratory, 

following the lines of Ashford's Note-Book of Practical Physics, 

compiled for use at Harrow [Boyt, 19OG9 p. 2971. Godfrey and Bell 

[1905a] subsequently produced A Note-Book of Experimental Mathematics, 

and it included 124 experiments, with the requirements for army 

entrance particularly in mind. In the following year, Godfrey [1906c] 

also wrote an interesting article for the School World on the teaching 

of 'experimental arithmetic; ' which was his name for what was 

essentially a course following the lines of Worthington. As Godfrey 

Ep. 2021 pointed out: 

A good deal of the work can be done in an ordinary class-room. 
But water and a balance cannot be treated respectfully outside 
a room fitted more or less specially for the purpose. 

Godfrey [1906c, p-2021 also made some very revealing remarks 

concerning the new questions of organization and atmosphere for learn- 

ing which were raised for mathematics teachers by laboratory work: 
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A bottle-washer (5s. a week) will be needed, unless the buys 

are allowed to help themselves to apparatus from the cupboards. 
But, to begin with, it is hardly safe to allow this. Difficulties 

of discipline do not occur; the interest is too great. 
The master will have to decide whether the class is to be 

kept together, or whether each boy is to go at his own pace. The 
latter plan will get more work out of the class.... On the 'Go 

as you please' system, each boy must be provided with very 
definite printed instructions; otherwise the master's task will 
be an impossibility. However, there is no lack of books which 
cater for this demand. 

Boys can work in pairs, and talking may be allowed safely 
(it mudt be confined to the matter in hand). At the outset there 

will doubtless be cases of petty looting (especially of mercury). 
A suitable 'example' will generally put a stop to this; temporary 
banishment from the measurement room is a severe punishment. 
Ep. 2021 

Bell [19121 subsequently described in the Eýpecial Reports Winchester's 

mathematical laboratory and the department's syllabus, and these Reports 

also included detail of the laboratory work in so-called practical 

mathematics at other public schools. 
28 Valuable detail concerning the 

general progress of work in practical measurements in the early twentieth 

century is provided by the findings of Committees of the BAAS, and the 

MA and APSSM, acting jointly. 

In 1908, Committees of the BAAS [19091 reported an science in 

elementary schools Epp. 501-5251 and in seconde'ry schools Epp. 526-5351.29 

The Committee an secondary science considered correlation with mathe- 

matics, and undertook a relatively small survey of practices, receiving 

replies from twenty-five grant-aided boys' secondary schools and twenty- 

two public schools. 
30 By this time, the course of 'elementary physical 

measurements' was 'practically universal, ' and was 'now contained in 

the earlier parts of most school-laboratory manuals of physics' Ep. 5291. 

However, it was still often divorced from the mathematics teaching, 

though science teachers frequently desired correlation here, and the 

Committee optimistically recommended that: 

28 See Fawdry [19121 of Clifton, Siddons [19121 of Harrow, and 
Sanderson [19121 of Oundle. 

29 Egger was a member of the Committee an secondary science. 
30 The tabular summaries of the Committee's findings are reproduced 

in Jenkins 11979, pp. 29-301. 
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much of the work which has been done in the physical laboratory 

can advantageously be transferred to the mathematical classes. 
Mensuration, including the greater part of the work frequently 
described as elementary physical measurements, should be part 
of the mathematical teaching. Ep. 5351 

In the following year, the Joint Committee of the MA and APSSM also 

reported an this matter. 

The Joint Committee conducted a much larger survey of boys' 

schools than the Committee of the BAAS. 31 
An introductory course of 

measurements, from around the age of eleven in grammar schools and 

two years later in public schools, was now the 'universal custom' as 

a preliminary to more formal physics teaching EMA, 1909e, p. 10]. 

Nearly ninety per cent of grammar schools, but only fifty-five per 

cent of public schools, taught such. a. course to every, boy, though in 

nearly all schools over half the boys were involved. Significantly, 

the work was still normally done in a laboratory under a science 

master, though measurements not requiring the use of balance or water 

were taught by the mathematical masters in eleven per cent of the 

public and fifteen per cent of the grammar schools. Predictably, the 

Joint Committee made the same general recommendation. as the Committee 

of the BAAS, in this case concerning measurements up to, but not 

necessarily including, Archimedes' Principle, and they provided a 

detailed syllabus. (See Illustration 29. ) 32 However, there is no 

evidence to suggest that many mathematical masters subsequently took 

on such ambitious experimettal work involving water or balances, 

though some practical work in length and area had found a place in 

the mathematical classroom. At the Strand School, the science masters 

who took the meagurnments also took the mathematics, and the School's 

31 See p. 181 on this survey's scope. The findings in practical 
physics and'chemistrV were in 'marked disagreement' with those 
of the BAAS, and are, presumablyl-mare reliable, given the 
different sample sizes IMAJ 1909e, p. 111. 

32 Siddons and Vassall 119101, who closely followed this syllabus, 
acknowledged the influence of the army requirements, as well as 
a debt to Ashford for many of the ideas. 
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Senior Science Master claimed that in some other schools correlation 

had to some degree been achieved in this way, particularly with 

younger pupils [Hewittl 1908, p. 2981. By contrast, and perhaps 

surprisingly, Story [1912, p. 5531 referred to the practice in girls, 

school of lin. many cases ... putting Elementary Physics teaching of 

the first year into the hands of the mathematical mistress of the 

form., 
33 

By 1912, there is evidence that the course of 'elementary 

physical measurements' was becoming stereotyped. Sanderson [1912, 

p. 4151 of Oundle remarked: 

This method has now been in working order in schools for 25 

years or more, and experience suggests that without some 
elasticity and freedom from syllabuses it will become as great 
a slave to 'logic-chopping' as anything ever was or can be in 

a mathematical class-room.; 34 

Alsot it seems that the existence of some mathematical laboratories 

was largely sustained by the army requirements, and that the level of 

interest did not continue after the First World War. 

Fawdry [1915, p-361 of Clifton admitted: 

it is in great measure due to the demands of these [army] 

examinations that the attention of'teachers has been drawn to 
the advisability of'ýncluding practical work in the 
Mathematical Course. � 

Fawdry [19159 1923l 19241 persistently argued a case for laboratory 

work in mathematics as he claimed it simulated genuinely applied 

mathematics, and he also produced his own collection of Elementary 

Experiments in Practical Mathematics [19221. An early M. Ed.. thesis 

by Pickles [19261 was devoted wholly to the subject of mathematical 

laboratoriesl but Pickles admitted that his proposals were idealistic, 

particularly given the pressure of examinations on the time available Ep. 141. 

33 Story 11912, p. 5451 had received date from two-thirds of 'the 
chief secondary schools for girls in England, ' and there was 
evidently much sensitivity to the issue of correlation from 
the mistresses. Epp. 552-5533. 

34 W. J. Dobbs [19101, during just one year, at Oundle, produced his 
own textbook for practical measurements, add included the army 
papers for 1905-1909 Epp. 123-1331. 
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Such initiatives appear to have been isolated ones, and a fairly 

gloomy picture concerning correlation was painted by the Prime 

Minister's Committee in 1918: 

it is easier to get a science master who is able to teach 
elementary mathematics then a mathematical master with a 
corresponding knowledge of Science; but few schools can 
spare a science master for any part of the mathematical 
work ... effective correlation between the two subjects 
is rare and is not increasing.... EReport (Thomson), 1918, 
P. 221 

It is also significant that the mathematical laboratories at 

Harrow subsequently fell into disuse, and Mayo [19281, who was 

Siddonbt Head of Department, welcomed the ending of 'elementary and 

pottering experimentation' Ep. 1341, which was 'pandering to the 

spirit of mere utility' Ep. 1371. Mayo felt that the laboratories 

had been forced upon the school as part of an extreme swing towards 

utility in mathematical education, and he welcomed the return to a 

more strictly disciplinary view. 
35 

However, there were certainly some 

more general gains for the teaching of mathematics related to the 

teaching of science. 

Godfrey [190GO had referred to 'experimental arithmetic, ' 

envisaging a fairly ambitious course requiring a special room. 

However, the idea of a practical course in arithmetic correlated with 

other subjects had already been explored by other teachers. Findlay 

[1902, p. 1861 had developed a first-year course within the arrange- 

ments of the Directory of the BE, inherited from the DSA. Findlay 

explained: 

it is described as Elementary Physical Measurements in the 
Science Section, and First Notions of Geometry in the 
Mathematics Section. These two are interlaced into one course 
of study, associated also with Arithmetic and Drawing. 
I-Findlay's stressJ 

Subsequently, Consterdine and Andrew [19051 produced a textbook an 

Practical Arithmetic for the nine to twelve age range, which they 

35 Mayo's was part of a wider reaction to the practical tendencies, 
to be discussed later in this chapter. 
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claimed was a correlated treatment of measurement, drawing, arithmetic, 

algebra and geometry on 'heuristic lines' Ep. 61. The name 'practical 

arithmetic' appears to have stuck, to refer to such a course for 

younger pupils. In many girls' schools, Story [1912, p. 5501 referred 

to the existence of: 

a practical arithmetic course, including mensuration, with an 
introduction to the metric system, paper-folding, cardboard 
modelling, and work with plasticine. 

She added that: 

Several text-books have now been written an courses of this 
kind, and various educational publishers issue suitable sets 
of apparatus. Ep. 5501 

Findley [1913, pp. 204-2051 interestingly described this development in 

terms of a shift from commercial to scientific utility: 

so-called practical arithmetic has to some extent, and quite 
properly, dislodged from pride of place the older syllabus 
which found in money affairs the only applications for the 

notions of arithmetic. 

Regarding elementary schools, the BE's [1912c, p. 71 revised 

Sqqgestions referred to 'concrete methods' as having been recently 

'generally recognisedli and Ballard E1912, p. 121 boldly claimed: 

Far and away the most significant change that has taken place 
during the past few years has been the introduction of what is 
known in the schools as practical arithmetic. 

He went an to discuss some shortcomings in practice, the 'gravest 

defect' being its separation from theoretical and mechanical 

arithmetic. Other defects were the tendency to substitute demon- 

stration for individual experimentation, and to elevate the importance 

of measurements per se Epp. 13-141. As Spencer [1912, p. 471 remarked, 

'It has been well said that measurements may become "liturgical" 

only and be in no sense scientific. ' Findlay [1913, pp. 203-2041 

also referred to the relationship between 'practical arithmetic, and 

the main business of arithmetic teaching. His analysis warrants 

quoting in full: 
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It is now the custom in the Junior Classes of many schools to 
give three or four periods a week to Arithmetic and one or two 
to so-called Practical Arithmetic, the two in some cases being 
taken by different teachers. The Practical Arithmetic then 
becomes a course of elementary mensuration, entirely separate 
from the arithmetic teaching. The title 'Practical' Arithmetic 
should disappear; it belongs to the initial period of reform in 
Mathematics teaching, when it was important to lay stress on 
the necessity for the scholars themselves to engage in the 
measurement of quantity.... Such employment, called 'practical, ' 
involving the use of instruments of various kinds, has been cut 
off from the more or less theoretical arithmetic arising out of 
the practical experience of the scholar. It has been regarded 
as a new kind of arithmetic, as something to be taken in addition 
to the older type of exercise, which consisted merely in 
learning how to operate with numerical symbols. By uniting theory 
and practice in one course we gain much. 

Findlay was also fully implementing his ideals concerning the links 

between theory and practice, as well as correlation, at the Fielden 

Demonstration School of Manchester's., Department of Education. (See 

Illustration 30. ) 

Although Findley was working in special circumstances, and 

correlation had made little headway in most schools, Fletcher [1912, 

p. 1021 could still acknowledge some major gains for mathematics from 

the physical laboratory. In particular, he referred to the improved 

understanding of fractions, decimals, the concepts of area and volume, 

and systems of units, making mensuration 'more real and intelligible., 

Howevery from his wide experience, he judged that the mutual influence 

of the subjects of mathematics and physics had not extended much 

beyond this range in most schools. Durell [1911, p. 281 also acknDW- 

ledged as a 'signal benefit' for arithmetic teaching that 'the 

educational value of practical applications to mensuration, physics, 

etc., has received due recognition. ' Palmer [1912, p. 2361 strongly 

underlined this point, by constrasting the older commercially biased 

arithmetic with the newer more widely applicable arithmetic, which 

served other branches of mathematics, and science, particularly in 

the physical laboratory. Importantly, he judged: 
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It was the failure of the old Arithmetic to meet the demands 

of the Physics master, that perhaps more than anything led 
to the changes in recent years. 36 Ep. 2361 

Nevertheless, in spite of some improvements in arithmetic 

teaching, science teachers continued to complain that pupils were week 

in the use of decimals, the metric system and measurements, as well as 

computation [Report (Thomson), 1918, p. 231. Like measurements, 

mechanics was another area of overlap between the domains of mathe- 

matics and physics, where the issue of correlation again arose. 

The organizational involvement of the MA and the BAAS in the 

question, of mechanics teaching was considered in earlier chapters. 
37 

In the nineteenth century, the teaching of mechanics to mathematical 

specialists started before the subject was taught, more widely, an 

experimental lines, as part of physics. Thus, in the schools, four 

logical possibilities emerged. Mechanics might be taught under either 

mathematics or science, under both, or under neither. 
38 In principle, 

a varying blend of theory, experiment and applications was possible 

in the teaching of this subject. However, in practice mechanics was 

taught wholly theoretically, when treated as part of mathematics. 

The reason was quite simply the examination system, particularly at 

Cambridge, and the character of its products, who naturally reproduced 

their own kind. In a surprisingly early confession to the AIGT on 

this subject, in 1883, W. H. Besant referred to the system which: 

tends to make us forget the importance of the practical 
applications to daily life of a knowledge of mechanics, 
and the temptation is to luxuriate in the flowery and 
ornamental problems which sometimes form the staple of 
examination questions. 39 

Todhunter of Cambridge, in particular, was said to have claimed that 

#no one who required 8 Model or experiment to enable him to grasp a 

36 This conclusion will be explored more closely in Chapter 8. 
37 See pp. 124-127,157,161,166-1G7,171-172. 
38 For some early twentieth-century trends here, see the data 

given on pages in note 37. 
39 Quoted in footnote [School World, 1904, p. 571. 
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geometrical or mechanical theorem could ever be a mathematician. ' 
40 

To understand the enormous difficulties concerning correlation 

in this branch of mathematics, 

influential Cambridge tradition 

early twentieth century. Berry 

half the mathematical student's 

mathematics, ' though this was a 

he strongly underlined: 

It is important to recognize that the 

continued, largely unchanged, in the 

[1912, p. 1881 pointed out that about 

course at Cambridge was 'applied 

rather inappropriate description, as 

Normally, he goes to no experimental lectures, he does no work 
in a laboratory, and the experimental facts which he learns in 
his mathematical text-books are usually of the simplest 
character ... suitable for the direct application of mathematical 
analysis .... Physics learned in this way is naturally most 
unreal, and the mathematician who wishes afterwards to devote 
himself to physics, is at first at a great disadvantage, not 
only by want of familiarity with physical apparatus and physical 
data, but by a lack of the 'physical instinct' .... All his 
previous training leads him to be prepared to ignore in any 
problem whatever his teacher or his examiner tells him to ignore 
in order to obtain a particular mathematical result .... 

41 

Godfrey [1912a, p. 1761 acknowledged some progress from the worst 

extremes of artificiality but judged that 'the influence of the 

Cambridge school of applied mathematics in its decadence is still 

dominant. ' Predictablyl mathematical mechanics in the secondary 

schools followed the Cambridge pattern. 

Siddons [1956, p. 1G8I recollected his own school experiences 

which involved no experimentation whatever; the spurning of graphics 

in statics and calculus in dynamics; and a predominance of problems 

40 Quoted by Jackson [1904, pp. 76-771. 
41 Berry [1912, p. 1881 could not resist adding a footnote: 

The typical Mathematical Tripas question on mechanics is 
supposed to begin: 'An elephant whose mass may be 
neglected.... IA more serious illustration is that a 
mathematician frequently has difficulty in remembering 

whether the enormous factor v=3x1010 oo should be put 
into the numerator or denominator of a formula. 

The 'elephant' was also used by other writers to ridicule their 
own experiences in mechanics at Cambridge [Godfrey, 1912a, p. 176; 
Bushell, 1974, p. 701. Bushell Ep. 701 referred to the problem of 
the elephant as 'the most famous one, ' in a scathing attack an 
his own 'unreal and distorted' experiences in hydrostatics, 
optics, electricity and mechanics, 
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which were largely springboards for flights of algebraic manipulation. 

Godfrey [1906c, p. 2011 drew attention to the curious pattern which 

had developed in the secondary schools: 

The British custom is that the physics master treats mechanics 
experimentallyg and the mathematical master works problems of 
the Cambridge type. This tendency of mathematical mechanics to 
become lifeless is the inevitable result of the split .... 

42 

On the assumption that some of the problems in mathematical mechanics 

would be too difficult for the physics master, Godfrey argued that, 

for progress, all aspects of mechanics should be taught by the 

mathematical master, and others supported this point of view [Hewitt, 

19081. However, the motivation and capabilities of teachers of 

mathematics were major inhibiting factors, and the Joint Committee of 

the APSSM and the MA [1909c, p. 121 found that little progress had 

been made in mechanics teaching. 

The Joint Committee concluded that 'In no subject is the want 

of co-operation between the Mathematical and the Science Masters so 

apparent as in mechanics. ' Mechanics taught as part of mathematics 

was a common practice, but only as 8 specialist examination subject, 

and not as part of a general mathematical education. Where mechanics 

was taught practically, it was normally a short and 'necessarily 

inadequate' course for younger pupils, under the science master, 

unconnected with the mathematics. The Committee argued that, in 

consequencep both specialists and non-specialists were being deprived 

of valuable educational elements EMA, 1909e, p. 121. It should be added 

that the requirements for competitive entry to Sandhurst and Woolwich 

had stimulated the fUller treatment of practical mechanics in the 

public schools, though only for certain pupils, and under half of 

fifty-five such schools reported that they regularly incorporated 

practical work Ep. 121. Harrow, in particular, responded by setting 

42 By contrast, Godfrey [1906c, p. 2011 referred to the American 
custom where mechanics was wholly the physics teacher's concern. 
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up a mathematical laboratory specifically for mechanics (see p. 205). 

UnrealisticallYt the Committee Ep. 51 recommended transferring the 

early practical work in statics to the mathematics department, though 

they did draw attention to one isolated initiative designed to improve 

the mathematicians' experimental capabilities. In 1909, a three-week 

summer course was arranged at the Cavendish Laboratory, Cambridge, 

specifically to give mathematical masters the opportunity to perform 

various physical experiments Epp. 13-141. 

Fletcher [19041, who had himself been an innovator in the 

teaching of mechanics and other aspects of applied mathematics, whilst 

at the Liverpool Institute, confirmed the general pattern already 

discussed, in the particular case of grant-aided secondary schools 

E1912, pp. 91-921. In such schools, there were rarely sufficient pupils 

to permit the class teaching of mechanics as part of mathematics, most 

pupils being limited to a, bhort-and early course of empirical statics, 

as part of science. Fletcher considered at some length the problematic 

relationship between mathematics and physics in schools Epp. 99-1031. 

He drew unfavourable comparisons with Germany Ep. 1031 where 'the 

Prussian "Prbfungsordnung" of 1898 still in force lays it down that 

I'Pure Mathematics and Physics must always be taken together. ", Young 

[1907, p. 1031 also drew attention to France's insistence on close 

correlation, made possible, as in the case of Germany, by the system 

of centralized curricular controls. Neither America nor England could 

implement change in this way, and, in the case of correlation, Fletcher's 

own frustration as Chief Inspector is evident. Wolff 11915, pp. 170-1721 

not surprisingly drew attention to this country's serious inadequacies 

in this respect, and pertinently asked 'Was ist die Physik ohne 

Mathematik, was der mathematische Unterricht ohne den physikalishen 

Einschlag? # Ep. 1721. 
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In England, important constraints on progress, already 

considered, were the character of university courses, the examination 

system and the teachers. Furthermore, within the universities, Filon 

[1912, pp. 282-2891 in the Special Reports drew attention to the 

decline of the nineteenth-century correlated tradition of mathematical 

physics; the increasing specialization within the two domains; and a 

shift of research interest from applied to pure mathematics. It does 

seem that there was little chance of genuinely applied mathematics 

courses or effective correlation developing at university and school 

level in this country during the early twentieth century, in spite of 

the endeavours of particular individuals and committees. 
43 The Prime 

Minister's Committee on science education also considered the relation- 

ship with mathematics# and confirmed the generally gloomy picture 

[Report (Thomson), 1918, p. 221. Recommending correlation had become- 

by this time a rather overworked and non-productive tactic. 44 

Regarding teachers as 'the key to the educational situation' Ep. 311 

the Committee turned to teacher education as a key factor, and 

suggested that the best way forward was to produce teachers capable of 

combining a mathematical and scientific outlook, and for the schools 

to make suitable appointments of Joint-specialists Ep. 331. However, 

this would have involved breaking the existing patterns of special- 

ization and career advancement, which were by this time firmly 

established. 

Ten years earlier, Perry [1908, p. 4611 had jokingly remarked: 

the marriage of mathematics and science seems to me like that 
of December and May - the marriage of a man of seventy with 
old bachelor habits to a bright young virgin of seventeen. 

43 Innovation in mechanics teaching will be discussed further in 
Chapter 7. 

44 See also Chapter 4, Illustration 25, for the MA's recommendations 
in 1919. 
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To borrow Perry's metaphor, it does appear that this particular 

marriage never took place. However, more seriously, Perry had much 

more to say about mathematical education and much more to do with its 

progress, particularly in relation to the education of engineers, and 

the important developments, centred on Perry, will be the focus for 

the remainder of this chapter. 

Mathematics for Enqineers 

In the older engineering colleges in the nineteenth century 

only civil engineering was taught, for which the mathematical r, pquirements 

were limited. However, the requirements increased somewhat with the 

development of shipbuilding and mechanical engineering, and increased 

greatly with the advent of high-speed machinery and the development 

of electrical engineering [Perry, 19121. Thus there arose the need 

for a much wider and more applicable mathematics curriculum than the 

conventional academic routine, and one which widely utilized 

experimental, numerical and graphical methods. For the engineer, what 

was required was swift progress, to provide a working knowledge of the 

more useful parts of mathematics, rather than a laborious academic 

treatment of the various branches along rigorous, pure mathematical 

lines, with utility neglected. 
45 

Along with the growing movement for 

technical education in the 1870s, the need to develop an alternative 

mathematics curriculum for technical institutions became more pressing, 

and this challenge was taken up at an early stage by Perry in 

particulare 
46 

45 It is beyond the scope of this thesis to consider to what extent 
this may be viewed as a resurgence of an earlier nineteenth- 
century practical mathematical tradition, which has been explored 
in the Scottish context by Gray (see p. 5). The mathematical needs 
of civil engineering, architecture, surveying, draughtsmanship, 
navigation, mechanics and the army appear to have been prominent 

- in this earlier period. See, for example, Gregory [18251. 
46 The DSA followed the dominant academic tradition in mathematics 

(see pp. 27-28). 
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During his brief stay at Clifton, from 1871, Perry began to 

develop some experimental mechanics, fully involving the pupils them- 

selves in practical work (see p. 203). In 1875, he went to Japan and 

became closely associated with William Ayrtan (1847-1908)v particularly 

in the exciting new field of electrical engineering, and the develop- 

ment of technical education at Tokyo [Armstrong, 19201. In Japan, 

Perry and Ayrton developed the extensive use of graphical methods by 

technical students, including the platting of curves on squared paper 

[Perryg 1900a, pp. 102-103; 1913, p. 791. They returned to England in 

1879, and, together with Armstrong, they put their Japanese experience 

to good use in the pioneering development of technical curricula in 

England at what became Finsbury Technical Callege. 47 
Armstrong [1920, 

p. 7521 subsequently referred to the trio as the 'Finsbury Mohicans, ' 

and it was at Finsbury that Perry worked out and tested his scheme of 

practical mathematics, designed to serve the needs of mechanical and 

electrical engineers, as well as to link closely with laboratory work. 

Perry also produced textbooks for engineers, which were very different 

in character to the standard mathematical treatments. 

Perry's Practical Mechanics was published as early as 1881, and 

it embodied his experimental and graphical approach [Perry, 1900a, p. 1101. 

A colleague of Perry, R. G. Blaine, produced an accompanying set of 

Numerical Exercises in Mechanics (1888), including four-figure 

logarithms and trigonometric tables Netter, 193G, pp. 42-431. Perry 

also developed a treatment of calculus at Finsbury, which was very 

different in character to the highly specialized mathematical approach, 

this being beyond the reach of most students, and Perry's [18971 course 

was published as The Calculus for Enqineers. The American mathematician 

E. H. Moore 11903, pp. 39-401 later referred to the Igrevious' separation 

47 On Finsbury see Brock [19791, and for the important role of the 
City and Guilds of London Institute here, and in technical 
education generally, see Millis [1925, pp. 53-721. 
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between pure and applicable mathematics, and to the consequent 

phenomenon of textbooks like Perry's. In 1896, Perry left Finsbury 

to become Professor of Mathematics and Mechanics at the Royal College 

of Science, South Kensington, where it was intended that he should 

implement his innovations in mechanics linked with practical mathematics 

[Armstrong, 1920, p. 752; Perry, 1912, p. 351. As Perry [1912, p. 351 

subsequently remarked, somewhat acidly, his conception of practical 

mathematics was 'exceedingly different from what used to be the study 

of the mere mathematician on the same subjects. ' 

In the dissemination of Perry's ideas for technical education, 

the adoption of his scheme of practical mathematics by the DSA in 1899 

was an important breakthrough. 
48 

Perry was appointed as an examiner, 

and his introductory lectures on the new subject were published by the 

DSA [18991. A crop of new textbooks soon followed, by writers such 

as Frank Castle, [1900l 1901,19031, who came under Perry's direct 

influence at South Kensington, and whose new textbooks were very 

successful for Macmillan. 
49 

A mixed treatment of various useful 

mathematical topics within a single textbook contrasted sharply with 

the conventional production of separate textbooks in arithmetic, 

algebra, etc. As Sumpner [1912, p. 71 remarked: 

The engineering student wants to study Mathematics as one subject, 
not as many. But mathematical studies have been divided by the 
text-books into sections which have been kept too rigidly apart 
and have been developed as if they were quite separate subjects. 

The elementary stage of Perry's scheme and its distinctive features 

were considered in Chapter 3 (see P-100). The general breadth of the 

scheme was a striking feature, as well as the complete break from the 

shackles of Euclid. Demonstrative geometry was largely eliminated, 

with the useful geometrical elements treated numerically, algebraically 

or graphically. As Perry confessed, 'I am afraid all this is frightfully 

48 On the DSA's initiative here see pp. 32-33. 
49 See also Graham 118991, Ormsby [19001, Cracknell 119001 and Millis [1903ý. 
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unorthodox. The idea of replacing geometrical philosophy by 

arithmetical juggling is scorned by the modern mathematician' EDSA, 

1899, p. 1181. On methods of teaching this scheme, Perry's ideals 

followed those of the 'practical educationists, t already discussed 

(see pp. 188-191), and he was also in sympathy with the heuristic 

methods advocated by his colleague Armstrong (see pp. 193-19G). The 

success of the new subject under the BE's regulations for further 

education was quite extraordinary over the first decade of this century, 

and at the expense of the older established stages of pure mathematics. 

From very small begifinings in 1899 (see p. 33), a Correspondent 

[1903a, p. 8031 in Engineering1could soon refer to 'enormous' progress, 

and added: 

How else describe the effect at one college in these islands, at 
which preparation was made for ten or a dozen students in the 
new mathematics, and to which several hundreds came? 

Interest was spreading rapidly, and in 1909 the new subject claimed 

six and a half thousand candidates, exceeding the six thousand for 

mathematics, and three and a half thousand for practical geometry. 

Furthermore, as Holmes [1910, p. 2001 pointed out, the numbers actually 

attending the evening courses would have been at least two or three 

times greater. Abbott [1912, p. 101 noted that: 

In 1910, in England alone, 6,964 students presented themselves 
in Practical Mathematics while only 2,841 presented themselves 
in the first three stages of Pure Mathematics. 

By 1913, Perry 11913, pp. vii-viii] could boast that there were more 

students of science engaged in his subject than any other, and also 

that it was more popular with students than pure mathematics, taking 

the attendance levels through the year as an indicator. As well as 

general dissemination through textbooks, Perry contributed personally 

to the development of teaching methods in the new subject by giving 

short summer courses at South Kensington (see p. 81). 
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Perry [1900a, p. vii; 1903a] also broadcast his general thinking 

concerning the education of engineers in Presidential Addresses to 

the Institution of Electrical Engineers in 1900, and to Sections G and 

L of the BAAS in 1902. On both occasions he took the opportunity to 

tilt at 'mere mathematicians' for their ignorance of engineering, and 

their failure to provide appropriate mathematical courses for engineers. 

The general cause was taken up in 1903 by a Committee of the Institution 

of Civil Engineers, under Sir William White as Chairman, which surveyed 

practices and reported in 1906, an the training of all classes of 

engineer [Thompson, 1911, p. 2871. The Committee spelt out a number of 

implications for the schools, as well as the engineering colleges, and' 

supported in particular the schobl-teaching of approximations, 

logarithms, and simple trigonometry, which were notable features of 

Perry's scheme [BAAS, 1907, pp. 447-4481. Perry's campaign was 
-, - 

well 

publicized in the journal Engineerinq [Correspondent, 1903a, 1903b], 

where the writer also drew attention to Perry's early influence on 

engineering education in America and Germany [1903a, p. 8041. 

Significantlyp this Correspondent [1903a, p. 8033 also drew attebtion 

to Perry's view that his scheme of mathematics teaching was 'the best 

method of teaching all children, for whatever life intended, ' and he 

continued: 

it will be easily realised that the new system would from its 
very nature prove less startling to those who are trained to 
work hand-in-hand with Nature, and would therefore be easier 
to introduce to the engineering world than to any other. 
Practical mathematics, in fact, is a system of teaching 
mathematics to all persons, of all kinds and all ages. 

Thus, Perry strove to extend the adoption of his ideals for 

practical mathematics from within the education of engineers to the 

wider education of students in training Colleges, and pupils in 

elementary and secondary schools. 

Practical Mathematics for All 

As early as 1880 Perry made some suggestions for an alternative 
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conception of elementary mathematics, in a paper given to the Society 

of Arts. In particular, he argued: 

It is quite possible to begin more in the middle of the 

subject ... teaching students to test by actual experiment 
the truth of many of Euclid's propositions.... Our Tom 
Tullivers sit brooding by the hour over a proposition in 
Euclids hardening their hearts, and dulling their understandings, 
and we call it mental trainingl [Perry, 1900a, p. 911 

At this time, he advocated experimental plane and solid geometry; the 

postponement of geometry as in Euclid; the early introduction of the 

uses of algebra and trigonometry; and the adoption of the metric 

system. Thus, twenty years later, when Perry's thinking and activities 

became a central part of a much wider campaign for reform, he acknow- 

ledged that his views were far from new, and had even been expressed 

in Japanese publications in the 1870s. Furthermore, he acknowledged 

that his pedagogical thought was congruent with that of Herbert 

Spencer, as well as his friends Ayrton and Armstrong Ep-v1. Perry 

was not only an engineer but also a 'practical educationist, ' who 

sympathized with the methods of the Kindergarten (see pp. 188-190). 

His name became associated with what was known as the 'Perry movement' 

in Great Britain, 'Perryismust on the Continent, and the 'Laboratory 

Method, in America. Such became the range of Perry's influence 

[Young, 1907, pp. 87-121; Wolff, 1915, pp. 67-84; BAAS, 1907, pp. 444-4501. 

As was shown in Chapter 2 (see p. 66), Perry first sought to 

extend the influence of his scheme to the training colleges, as well 

as to create a general state of disequilibrium by popularizing his 

practical mathematics as ap alternative paradigm to the 'academic 

mathematics' of the schools. The critical organizational developments 

which resulted, in the period 1900-1903, were discussed in Chapter 3 

(see pp. 97-120). There was general sympathy at this time for the need 

to disencumber the curriculum of much purposeless material, and to 

introduce more practical methods, particularly in geometry and 
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mensuration, with more intermingling between the traditionally 

separate branches of mathematics. Greater emphasis on decimals, 

approximations, the metric system and the use of tables was generally 

supported, as well as graphical methods in algebra. There was also, 

in principle, much support for the broadening of the curriculum, 

particularly in the case of trigonometry, and the possibility of 

introducing some mechanics and calculus in a general education was also 

suggested. Howeverl although the need to abandon Euclid as a textbook 

became clears there was a general lack of support from the mathematical 

community for one major aspect of Perry's scheme. Perry, [1902a, p. 48G] 

confessed: 

The view to which I hold most firmly of all my views about the 
teaching of mathematics is that demonstrative geometry ought 
never to be taught in schools. 

This was undoubtedly a major weakness in Perry's argument concerning 

priorities in a general mathematical education. The need to experiment 

in deductive geometry was generally admitted, and examining bodies 

granted the necessary freedom. However, this aspect of the curriculum 

was still highly valued on educational rather than utilitarian grounds, 

as a mental training par excellence in deductive thought. An 

important implication here was that the possibilities for broadening 

the curriculum along Perry's lines were seriously limited. Perry 

was fairly optimistic in the early stages of reform (see p. 122), and 

Love [1902, p. 4581 went so far as to claim that Perry's belief that 

practical mathematics was not only suitable for engineers but was also 

appropriate as a 'means of culture, ' as well as for the future specialist, 

was 'widely held' in the movement's early stages. However, Findlay's 

[1902, p. 1841 judgement was more sober: 

I do not think Prof. Perry and his friends quite realize how 
fragmentary and disjointed their own suggestions are, and 
what a great gulf separates their work with adults and artisans 
from that conducted by teachers of boys and girls in school 
classes. 
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The early examination reforms affecting secondary schools and 

training polleges were discussed in Chapter 2 (see pp. 63,66) and 

Chapter 3 (see pp. 115-120). As well as abandoning the insistence an 

Euclid, the various bodies introduced some geometrical drawing and 

measurement, and some graphical work involving the use of squared 

paper. In arithmetic, there was some simplification and increase in 

relevance, though neither the use of logarithms nor slide rules was 

generally enforced. Nor was-there any general encouragement given 

to the teaching of simple trigonometry or calculus. Exceptionally, the 

requirements for the army and navy moved further and faster towards 

Perry's ideals [Lodge, 1904; Boyt, 1906; Ashford, 1912; Mercer, 19121. 

For Perry, the major early achievements in examination reform were the 

encouragement'given to. practical and expgrilnental geometry, and the use 

of graphs. By way of consolation, Perry [1902b, p. 821 added that, in 

experimental sdienca 'weighing and measuring, the uses of squared paper 

and logarithms, and the ideas of the calculus have entered in all sorts 

of common-sense ways. ' 

Perry also became closely involved with other aspects of reform 

over the first decade of this century, and, specifically, the teaching 

of mechanics (see pp. 124-127); practical and experimental methods in 

elementary schools (see pp. 127-128)? o 
and correlation between mathematics 

and science (see pp. 180-181). It is important to understand that Perry 

and the movement which adopted his name stood for much more than just 

a syllabus of practical mathematics. Rather, the Perry movement 

represented a general reaction against the nineteenth-century traditions 

in mathematical education, and embraced a range of ideals, which, 

-50 Millis E1925, pp. 92-951, of the Borough Technical Institute and 
previously a colleague of Perry at Finsbury, also campaigned for 
more practical and technically relevant teaching in arithmetic, 
correlated with geometry and manual work. His scheme was 
published as Arithmetic and Geometry: A Plea for Educational 
Reform [Millis, 1905J. 
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although not new, were largely new to the mathematical community, and 

shared much in common with the pioneers in infant education, the 

'practical educationists, l and the teachers of science for whom the 

character of mathematical education also became a major concern. For 

convenience, the various positive features of the Perry movement's 

rationale, which have emerged in this chapter, may be summarized as 

follows [Young, 1907, pp. 87-1211: 

(i) take account of the pupil's motivation and interests; 

(ii) base abstract ideas an concrete experience to promote understanding; 

(iii) employ activities involving the hand and eye, and not just the 

ear, in conjunction with the brain, and Igraphic(al) methods' in 

particular; 

(iv) adopt experimental and heuristic methods - 

Experiment, estimation, approximation, observation, induction, 
intuition, common-sense are to have honoured places in every 
mathematical class-room in which the laboratory method has 
away. [Young, 1907, p. 1051; 

(v) postpone logical rigour and any early concern for the foundations, 

and generally restrict the formal deductive elements, admitting 

various forms of 'proof'; 

(vi) simplify, broaden and unify the subject-matter of mathematics, 

ignoring traditional artificial divisions; 

(vii) correlate mathematics with science and laboratory work, and 

generally relate mathematics to life and its applications. 

Many of these principles concerned teaching methods, which could not 

be enforced through the examination system, but rather any movement 

towards such ideals depended principally upon the attitudes and 

interpretations of textbook writers and teachers, who, as always, 

held the key to progress in classroom practices. 

Some general remarks concerning the international interest in 

'methods of intuition and experiment, ' variously interpreted, were 
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made earlier in this chapter (see p. 192). In this country, one 

important and related phenomenon concerns the language used for the 

titles of new textbooks in the early twentieth century. Many of these 

textbooks were aimed principally at the general secondary market and 

their titles include such terms as 'practical' in geometry, and 

occasionally in arithmetic, mensuration and trigonometry; 'experimental' 

in arithmetic, mensuration, geometry and trigonometry; 'graphic(al), 

in algebra; 'numerical' in trigonometry; and, exceptionally, 'heuristic' 

in arithmetic and geometry, and 'observational' and 'based on experiment 

and discovery' in geometry [British Museum, 1906,1911,19181. Textbooks 

which referred to 'practical mathematics' were largely aimed at the 

technical and military fields, but it is clear that authors and 

publishers judged the market to be generally receptive to the new 

tpracticall emphasis, particularly in geometry, where the examining 

bodies had made the greatest concessions. The phenomenon of 'practical 

arithmetic' and mathematical laboratories was discussed earlier in this 

chapter (see pp. 203-212), and there is other evidence of the interest 

in practical methods in the early years of this century. 

Various articles in the School World publicized the new possibilities 

for teachers. Eggar [1903c] surveyed drawing instruments for school 

use; Salmon E19031 discussed the various forms of squared paper avail- 

able by this time for science and mathematics; and Professor Gibson 

[19051 considered the general question of mathematical tables suitable 

for schools. Godfrey's E1902b, 1902c, 1902d] suggestions for preparatory 

schools fully exploited the uses of squared paper for work an areas, 

fractions and decimals, as well as graphs, and he claimed 'a blackboard 

ruled in squares is almost indispensable' [1902b, p. 2031. Two authors 

produced interesting articles an the subject of 'practical mathematics, 

for secondary schools [Bayliss, 1905; Wyatt, 19051. 
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Bayliss [1905, p. 2141 referred to 'very remarkable agreement in 

favour of practical methods of teaching, ' but at the same time 'an 

equaý, ly remarkable disagreement with regard to the meaning and 

application of such methods. ' He claimed that the details were being 

'hammered out in hundreds of schools' Ep. 2141, and actually referred 

to 'practical algebra, ' which was an unusual way of denoting the use 

of mathematical tables and graphical methods in this branch, Wyatt 

[19051 surveyed the current possibilities, available commercially, for 

'a course of modern practical mathematics carried on in an ordinary 

secondary school' Ep. 2161. In particular, he mentioned the use of a 

subdivided'rod for decimals; wooden discs for the evaluation ofIT; 

calipers and sets of solid models for measurement; a cheap form of 

sextant, called an langlemeterl for out-door work; a planimeter for 

area; a pantograph for similar figures; and French curves and other 

aids for curve drawing. The GE's [1905a, p. 421 Suggestions for 

practical aids in elementary schools also deserve quoting in full: 

every school should be provided with - 
(a) Foot rulers graduated in inches and tenths of an inch and 
also in centimetres and millimetres. (These should have square 
edges. ) 
(b) Cords with feet, yards and metres marked upon them, 
(c) Imitation coins. 
(d) A pair of common scales with the smaller weights such as 
ounces, pounds, kilogrammes, decagrammes, and grammes. 
(e) Measures of capacity such as a pint pot. 
(f) Squared paper or tracing cloth. 
Plain paper also, owing to its cheapness and easy divisibility, 
will be found to be of very great value for illustrations. 

Thus, by around 1905, an impressive number of practical possibilities 

had emerged, and been enthusiastically exploited in some cases. One 

of the simplest aids of all was squared paper, and it had become by the 

First World War one of the most potent practical weapons in the mathe- 

matical education of both the tyro and the specialist. This remarkable 

victory deserves to be considered rather more closely. 



228 

Squared Paper and Graphical Methods 

In 1904, Laisant referred to squared paper as 'a marvellous 

instruction which ought to be in the hands of every one who works in 

mathematics from the kindergarten to the university. 151 By the end of 

the decade, the use of squared paper had become a commonplace in 

elementary and secondary schools, as well as technical institutions. 

The BE's [1912c, p. 81 revised Suggestions noted the existence of 

squared paper in 'any well-equipped elementary school, ' and, by this 

time, felt it necessary to issue a warning concerning its use: 

Any risk of injury to eyesight by the excessive use of squared 
paper should be avoided. Its use for practical geometry, etc., 
will only be occasional and little danger to health is likely if 
no paper with rulings less then one-tenth of an inch apart is 
used. The use of paper ruled in squares for the working of 
arithmetical examples has no real educational advantages and might 
well be discontinued. 

A SE's 11909a, p. 91 Circular referred to bore or less graphic work in 

algebra' as 'usual' in secondary schools, and yet five years later 

another Circular [BE, 1914bg pp. 3-41 remarked: 

it is no uncommon thing now to hear it said that graphs have 
been overdone, and to find that by a natural reaction they have 
been largely or even entirely abandoned. 

By 1914 in this country a clear tendency to overuse or misuse 

squared paper had emerged, but this aid had achieved international 

recognition as a valuable ingredient in every individual's mathematical 

education, and Smith [1913, p. 6141 could claim that 'Of the value of 

squared millimetre paper there is no question anywhere. ' Significantly, 

Smith Ep. 6221 also claimed: 

Graphic methods of one form or another are now found in the 
courses in [secondary] mathematics ... in all countries, 
having gradually made their way from engineering, through 
thermodynamics and general physics, to pure mathematics. 

The use of squared paper was one feature of 'graphic methods, ' 

and the phenomenon of the gradual adoption of such paper from its 

exclusive use as a research tool in the early nineteenth century to its 

51 Quoted in Young [1907, p. 1111. 
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universal Use for a variety of purposes in mathematical education has 

been explored in a paper by Brock and Price [19801.52 'Graphical 

methods' developed in the nineteenth century, and came to include 

much more than the drawing of graphs and the use of squared paper. 

Broadly interpreted, 'graphic(al)l means drawing, with the use of 

hand and eye, as opposed to lanalytic(al), ' I which implies symbolic 

manipulations. The subject of 'graphics' within technical education 

included 'graphic arithmetic, ' which was approximate calculation by 

drawing, as well as 'graphic. statics, ' involving vectors [Harrison 

and Baxandall, 18991. Practical plane and solid geometry was 

essentiplly 'graphic geometry, ' though this name was not used. 

'Graphical calculus' was another branch of 'graphics' designed for 

engineers [Cajori, 1917, p. 3001. For the various uses of squared paper, 

wormell [18881 provided an early textbook entitled Platting or Graphic 

Mathematics, and, from 1899, the normal pattern was to include a 

specific chapter on this subject in the new textbooks an practical 

mathematics. 
53 When graphs found their way more generally into 

algebra the name Igraphic(al) algebra' was commonly used (see pp. 121- 

122), and the BE [1909al adopted it in the title of their first 

Circular on this subject, but, significantly, abandoned this name for 

the revised Circular five years later [BE, 1914b]. The ICTM included 

land measurement and area measurement, using squared paper or a 

planimeter, within theirAnterpretation of 'graphical methods' [Smith, 

1913, p. G221. 

Brock and Price [19801 have shown that Perry and Ayrton 

pioneered the use of squared paper by students in Japan in the 1870s, 

52 It also came to be used for other purposes, such as the accurate drafting of pillow lace patterns, though the history of the 
dissemination of this use for squared paper warrants further 
investigation. My thanks are due to Mrs. M. Clark for some interesting correspondence an this point. 

53 See, for example, DSA 118991, Graham [18991, Cracknell [1900], 
and Castle [19011. The DSA [1899, p. 271 provided booklets of 
squared paper for the new examinations in practical mathematics. 
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and subsequently implemented and refined these methods at Finsbury. 

Prior to the 1880s, the high cost of accurately engraved squared paper 

limited its use in this country to the researcher, until the development 

of teaching methods in technical education necessitated the cheap and 
54 

plentiful availability of squared paper for a variety of purposes. 

Even the DSA's examinations in pure mathematics ignored graphs and the 

use of squared paper [Hitchens, 1978, pp. 73-76,791, and, conventionally, 

the subject was associated with analytic geometry, which was an 

advanced branch of pure mathematics. Thus, Perry [1900a, p. 461 

referred to the nineteenth-century pattern where: 

simple exercises on squared paper ... must not be approached until 
one has wasted years on higher algebra and trigonometry and 
geometrical conical because they belong to the subject of 
co-ordinate geometry. 

Perry may have underestimated the progress made in some schools here, 

as Moylan [1901p p. 391 claimed that: 

Most teachers, at quite an early stage, now introduce the tracing 
of graphs on ruled paper, and do not postpone it till the pupil 
has some knowledge of analytical geometry or calculus. 

However, it appears that the prominence given to the uses of squared 

paper in the scheme of practical mathematics under the BE helped to 

disseminate this tactic more widely. For example, Godfrey [1902d, p. 2891 

drew teachers' attention to the possibilities to be found in the 

practical mathematics textbooks of Cracknell [19001 and Castle [19011 

in particular, and he claimed with evident enthusiasm: 

GRAPHS have found their way into elementary work, and are now 
recognised as quite the most valuable instrument in our possession 

. r, 9; for awakening interest. - 

54 The idea of a graph an a squared grid goes back at least to the tenth 
century [Funkhouser, 193G], and for a discussion of the history of the 
graphical representation of quantitative data see Funkhouser [19381. 
I am grateful to Arthur Morley for this particular reference. As a 
specialized branch of mathematics, analytic geometry seems to have 
developed in the seventeenth century without the use of squared 
paper. For a recent discussion of the roots of analytic geometry 
see Forbes 119771. 

55 parallel developments in America have been sketched by Cajori 11917, pp. 299- 
30 11. The Americans ref erred to I cross-section 

. 
paper, I and see, in 

particular, Moore's [19061 discussion of its potential. tCanonize the 
Gross-Section Paper' was his closing remark [p. 3381 --h 17ýowns tress. 
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The development of science teaching (see pp. 199-201) was a 

further contributory factor in the growth of the teaching of graphs, 

from around 1890. As Salmon E1903, p. 1691 pointed out: 

SINCE the introduction of the heuristic method into our system 
of education the use of squared paper has come to play a very 
important part in laboratory instruction, more especially in 

physical work. 

The BE's [1914b, p. 111 Circular acknowledged the early use by pupils 

of squared paper to determine functional relationships in science, 

other then by pure computation: 

Generations of boys had indeed been familiarised with graphs in 

connectioh, wi 
, 
th physical observations before ever graphic work was 

recognised as an essential element in the teaching of algebra. 

With the stimulus of altered examination requirements, however, 

the drawing of graphs became rife by 1905, with Igraphic(al) algebra' 

meaning different things to different teachers, and textbook writers 

generally 'cashing in' on the craze (see pp. 121-122). Hall [1905, 

p. 1591 was one such successful writer, who referred to a state of 

Igraphomania, ' which he claimed was particularly affecting younger 

teachers. Reaction was beginning to set in, and the BE [1909a, 1914b] 

in particular sought to clear the air with Circulars on this subject. 
56 

Howevery squared paper as a general teaching aid was not to be 

dislodged from the mathematical classroom. Calculating aids were 

another feature of practical mathematics, needed by the engineer and 

the scientist, and, here again, their use gradually spread more widely 

in mathematical education. 

Mathematical Tables and Slide Rules 

Gibson [1905, p. 2011 has drawn attention to the fact that 'more 

or less elaborate' sets of tables were a common feature of mathematical 

textbooks used during the first half of the nineteenth century, and 

also that such tables were commonly published in the form of separate 

booklets. These aids to calculation served the earlier practical 

56 Graphs in relation to algebra, and the links with the notion of 

- 
'functionality' will be discussed in Chapters 7 and B. 
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mathematical tradition. However, one particular consequence of the 

rise of the English examination system from the mid-nineteenth century 

was that 'the practice of using mathematical tables fell into desuetude' 

- 
Ep. 2011, with complete sets of tables being generally banned from 

mathematical examinations. Even in the case of the DSA's examinations 

in pure mathematics, the use of sets of tables was avoided by 

including in the papers themselves the logarithmic and trigonometric 

values necessary for particular questions, and, furthermore, these 

values were given to seven places of decimals [Hitchens, 1978, pp. 76- 

781. 

In the case of boys' public schools, Godfrey [1908, p. 2531 

claimed: 

Ten years ago the only tables found in the mathematical class- 
room were those of seven figures, which were used in the 
solution of triangles. These were not handy enough, and the 
boy never had enough practice to UBE logarithms with confidence. 

Siddons [1956, p. 1G61 also drew attention to the late nineteenth- 

century practice of only introducing logarithms to mathematical 

specialists in public schools, and only using seven-figure tables, 

such as those of Chambers. Siddons Ep. 1671 added that four-figure 

tables 'seemed to be unknown to mathematical masters when I started 

teaching [18991.1 Needless to say, he had not encountered simple 

tables in his own schooldays, but, significantly, he had used them 

in his fourth year at Cambridge, when working f orthe Science Tripos Ep. 1671. 

They were also used by pupils learning science at Harrow, when, as a 

new master, Siddons had to fight for their acceptance in mathematics. 

Apparently there were strong objections to the principle of allowing 

books of tables in the school's examinations, particularly on account 

of the risks concerning cheating ESiddons, 1936, p. 231. However, 

although the use of tables in mathematics was confined to specialist 

school work, and particularly in trigonometry, the use of four-figure 

tables by younger pupils in science appears to have been developing by 

1900. 



Aujle. Radians. Sine. Twiput. co-tangent. ODS1116 

(r 00 0 1 
'9ý 

ý 

1 *0175 'D 175 
1 

.01 7s I ý-. TODS 
ý 
*ý S q 

0349 IM4 P=D ISS 

'0324 '051-13 *052 t 19*0311 I)DW 

14*006 1,501u, E-6 

N. "i) 1 1,463.1. 55' 

9-511,4 I*4WI sl 
'44ýd 

7,1151 3. 

P '1571 '15al, 6131: 8 

IU '1745 -Ino 1763 116713 'DS43 IWG3 61) 

11 *10,20 . 1903 loll 5*1416 *DSIG 1*: -, bS 7D, 

'9761 I-LGI4 73 

13 . 2309 1*3315 1144 

it '2411 -21tq -2193 4.010.3 -07(0 7G 

-2618 2G79 I 

IG '2jD3 T 113 *28G7 ". 1571 '0013 1--115 -74 

1" *ý4JG7 2q! 1 -=ý . 3170 2*-... 113 

1$ '3142 '30) 11) 3 Ws 77 I-W-G 

1.9 -xim '325G tvt-ju 

!: fj '3191 -. - 1-: 4) 11) ! *" . 111; - I *V 17 P) 

2*0)51 *93'. Wi 1 '21) 13 

-N40 

-4014 41.145 21=9 

-4 t. 2 V! W) 

%7 '43133 4W, 3 1-1114476 C. 3 

'4548 -=I -4177 t`05"M Boss 

`7 -4712 
63. 

za '4M7 11: ýýrl -S930 Cd 

29 '. Wl 1 *4ý0 14 1874G 61 

5226 1'0472 60 

511, 

3! 621 t 
56 
N, 

N '503 4 5fo-, 1*48! rj . 8200 o-, 74 

n 6109 .1" 70.1 1112ý11 -flyw I. 

.: f; 'Q83 *ý67i *72G.. 117GI qj 4 21 1% 1 

TAIIS '7136 1. - -lu 980 qwo 1 

Mi 'CM, . 615-, -. 880 S! 

Gtý14 . 8m 1771 -SMI 

41 t 1,11,113 -. 660 51) 

41 -n5o '8693 VIM 1.547 

41, -733r) 'Wit 1*11W -. 431 43 

4 1; -1 5M 7314 a.... kr3 
. 

44 -7G79 
-193 se-. 1 

45 854 1trl I-ODOO 1-00) 1071 -, SSI 

CCAI: 13 co talaPat Tauptit, Sine An'. 

Illustration 31 The DSA's [1899y P-201 
Four-Figure Trigonometric Tables 



233 

In a letter to Nature, Dufton E1900, p. 4151 claimed that 'the 

general introduction of practical physics into secondary schools has 

resulted in the teaching of logarithms to younger boys. ' Dufton 

himself used squared paper for teaching logarithms, and he referred 

to the fact that several Isbhools of science' were working on such 

lines with boys from the age of thirteen Ep. 4151. Godfrey [1908, p. 2531 

also drew attention to the earlier use of simple tables by teachers of 

science, who 'complained that they had to do the work of their mathe- 

matical colleagues in teaching the use of logarithms. ' However, he 

added that this was 'ceasing to be true' and that four-figure 

logarithmic tables were 'coming into fashion' Ep. 2531. As Gibson 

[1905, p. 2011 pointed out, this development in mathematics teaching 

was part of a wider shift of empha6is, namely that 'more attention is 

being paid to the arithmetical side of mathematics. ' The development 

of practical mathematics was a further important factor in the 

dissemination of the use of simple tables., 

From 1899, the DSA [18991 provided a valuable set of four-figure 

tables for the new subject of practical mathematics in its examinations, 

and these tables were incorporated in the textbooks which were tailored 

to the new requirements. 
57 The trigonometric values were conveniently 

compressed onto a single page. (See Illustration 31. ) Perry [1901a, 

p. 251 could soon claim that: 

since the Science and Art Department has distributed its tables 
of four-figure logarithms and functions of angles over the 
country as cheaply as grocers' advertisements, there has been a 
wonderful development in knowledge and use of such tables. 

In articles for the School World, both Godfrey E1902d, p. 2901 and Wyatt 

[19051 referred to the BE's four-figure tables, cheaply available at 

5s. per hundred leaflets [Godfrey, 1902d, p. 2901.58 Perry [1899a, 

57 See, for example, Ormsby [19001, Cracknell 119001 and Castle [1901]. 
58 Secondary school textbooks also borrowed these tables. See, for 

example, the 1907 edition of Hall and Knight's [18851 very success- 
ful algebra, which included a new section on four-figure logarithms. 
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1899b], in particular, became involved in some early Correspondence 

in Nature concerning methods of calculating logarithmic values, using 

squared paper and the repeated extraction of square roots [Dufton, 19001. 

There was much support for the earlier treatment of logarithms, 

and some interest also in the use of simple tables in trigonometry, 

shown in the various pronouncements on mathematical education in the 

period 1900-1903 (see pp. 100-115). However, examining bodies were 

not generally prepared to force the use of tables in a general education. 

Thus, during the Joint Meeting of the APSSM and MA [1910d, p. 2651 at 

the end of the decade, one speaker complained that 'pupils have to sit 

at examinations where Logarithms are not used and sometimes are even 

prohibited. ' The general picture at this time was surveyed by the 

Joint Committee of the APSSM and the MA [1909e, p. 121. 

Lip to the end of the decade 'in the great majority of cases' 

the topic of logarithms was still regarded as a relatively specialized 

one, following indices in algebra, and useful for the minority of 

pupils reaching trigonometry. In only 'a few schools' was this 

topic taken as part of arithmetic, and the Committee judged that 'It 

seems probable, that the use of logs, as a means of simplifying 

ordinary arithmetical calculations, is only incidentally touched upon, 

EP-121. Up to this time, apart from the algebra examinations of the 

Cambridge Previous and Senior Locals, questions on logaritbms were 

still generally confined to the additional or optional papers in 

mathematics [Hawkins, 1912, pp. 470-5301. Various papers in the 

Special Reports throw some further light on attitudes and practices 

before the War. 

Palmer [1912, p. 2521 claimed that the topic of logarithms was 

properly a part of algebra, but added that 'tables of logarithms are 

used so much now for arithmetical calculations that the subject is 

found in most text-books of arithmetic. ' However, he still felt it 
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necessary to caution that, whilst such tables were valuable in the 

physical laboratory: 

the Arithmetic of the large majority of people is commercial 
rather than scientific, and for this four-figure logarithm 
tables are far from adequate. Ep. 2381 

Godfrey [1912b, p. 43G] summarized the pattern of use for tables in 

boys' secondary schools: 

Different tables are used in the following descending order of 
frequency - logarithms, trigonometrical funtions, squares and 
square roots, cube roots.... The extent to which the everyday 
use of tables has established itself is shown by the prevalent 
use of 4-figure tables; 7-figure tables are too cumbrous for 

most school purposes. 4-f igure tables used to be used mainly by 

science masterA, but have now been largely adopted by mathematicians 
as well. I 

All the public schools in his survey said they used logarithms, but only 

with boys f rom the age of sixteen in half the schools. With a generally 

shorter school life in the other secondary schools, the tendency was 

to introduce logarithms somewhat earlier, as well as trigonometric 

tables, though twelve per cent of these schools did not use the letter 

tables, and two-thirds of the public schools only used them from the 

age of sixteen Ep. 4361. In girls' schools, Story [1912, pp. 549-5501 

found that the earlier treatment of logarithms was still at an experi- 

mettal stage, though a 'good many' schools were introducing this topic, 

linked'with indices in algebra, below the sixth form Epp. 557-5591. 

Tables came to be included in practical mathematics, arithmetic 

and algebra textbooks, as well as being published separately in booklet 

form. In addition to the tables of the BE, popular sets of four- 

figure tables, before the War, were produced by Castle (1902), Knott 

(1905) and Godfrey and Siddons (1913) [Wolff, 1915, p. 1571. These 

last tables subsequently enjoyed enormous success over the next forty 

years, and their publication just before the War was timely. 59 
From 

59 Siddons [1952b, pp. 11-121 attributed the success of these tables partly 
to the improved lay-! out and binding. Castle's tables are still in print, 
andarecurrently being advertised nationally by the booksellers 
W. H. Smith. See Daily Express', Aug. 26th, 1981, p. 11. 
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around 1910 the MA were pressing strongly for the wider use of four- 

figure logarithmic and trigonometric tables. 

The MA pressed a renewed case for tables in three Reports before 

the War [1909e, p. 5; 1911b, p. 6; 1913b, p. 31, and was now working 

closely with examining bodies in the framinj of new syllabuses (see 

pp. 164-165,172-174). By 1920, elementaryquestions involving logarithmic 

tables were being included in the examinations of Oxford, Cambridge 

and the NUJMB, though they were still forbidden for London Matriculation, 

and could be avoided in Oxford Responsions [Cook, 1920, pp. 28-291. 

London's defence was purely academic, and, with pressure from 

particular schools (see p. 56) as well as the MA, from 1922 London 

allowed, but did not enforce, some use of logarithms in arithmetic, 

and included this topic in the algebra syllabus also [Retter, 1936, 

pp. 129,2071. The possibility of using logarithms in arithmetic, and 

their inclusion in algebra, was subsequently the general practice for 

non-specialist examinations EMA, 1930a, p. 1491. In grant-aided schools, 

HMI Carson [1929, p. 231 judged that: 

The only marked change in the arithmetic syllabus [since' 
, 
'19101 is 

the introduction of logarithms, usually in the second or third 
year of the course, for practically all pupils instead of the 
chosen few. 

Thus the victory for logarithmic tables was complete, though the battle 

for this advance in a general secondary education had been fought for 

some twenty years. 
60 

Perry's practical mathematics also required the use of a slide 

rule, and a relatively cheap 'Kensington' rule was produced by Thornton 

60 A surprising number of different ways of teaching logarithms were 
advocated before the First World War. See, in particular, Bryan 
E1908b], Mair [19091, Dobbs [1909,19151, McLeod 119091 and 
Nunn 119141. A numerical and graptiic6l 6ý-Oi6ac'K via-fun-ctions ax, 
typically for a=2 and then a=10, appears to have become the 
popular one [Godfrey and Bell, 1905b, pp. 134-144; Godfrey and 
Siddons, 1913, pp. 253-2591. Rather surprisingly, Perry claimed 
this was a 'common exercise' in schools by 1900 [Dufton, 1900, 
p. 4151. He. may have been referring to the work in science. 
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in particular [Wyatt, 19051. However, the use of slide rules made 

little progress in a general mathematical education. 

With the exception of the Committee of the Institution of Civil 

Engineers [BAAS, 1907, pp. 447-4481, there was no interest in the school 

use of slide rules expressed in early twentieth-century pronouncements 

on mathematical education, though their use was required in the 

reformed examinations for competitive entry to the army [Lodge, 1904, 

p. 4531, which forced-'some public schools to teach the technique to 

some pupils. An early article in the Mathematical Gazette [Barrell, 

19011 was devoted to this subject, and Jackson [19031 of Woolwich, in 

particular, argued a case for the slide rule, linked with the teaching 

of logarithms. 
61 There may have been more use of. slide rules in the 

physical laboratory. One teacher in the School World explained how to 

make a simple rule using semi-lagarithmic paper, to use merely as a 

tool in science. He added 'I ... do not bother about principles - 

that comes under the work of the teacher of mathematics' [Cotton, 1909, 

p. 791. However, teachers of mathematics showed little enthusiasm for 

this aid. 

In boys' secondary schools, the Joint Committee of the APSSM and 

the MA [1909e, p. 121 found that 'The slide-rule seems to be by no means 

in general use. ' Two-thirds of the public schools explained its use 

to senior pupils only, but less than one-third of the other secondary 

schools followed this practice. The Report suggested that cost was a 

prohibitive factor in the latter case, and the army requirements 

provided an important stimulus in the case of public schools. Godfrey's 

[1912b, p. 4351 findings for the ICTM largely confirmed the general 

pattern, and the difference between public and other secondary schools 

61 He subsequently earned the nickname 'Slide-Rule Jackson' IMA, 19171, 
and produced an impressive treatise an Mannheim's rule with a 
colleague from Woolwich, for Longmanst Modern Mathematical Series 
[Dunlop and Jackson, 19131. 
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in particular. He concluded that 'On the whole, the slide rule is 

used by mathematical teachers only under compulsion. ' The practices 

of mathematics teachers were largely governed by the needs of intending 

army entrants and engineers, and there was little interest in the 

possible educational benefits of slide rules. Exceptionally, Bryan 

[1908b] and Nunn [1914, pp. 197-3511 argued for the slide rule on 

educational grounds, linked to the teaching of logarithms. Nunn 

produced an ambitious scheme linking graphs, growth problems, the use 

of a home-made Gunter (1581-1626) scale, which he described as 'the 

ancestor of the slide rule used so much by engineers to-day' Ep. 3021, 

and logarithms. 
62 However, his ideas were far too ambitious for most 

classrooms. 

The much wider adoption of tables, though not slide rules, was 

part of the tendency to make school mathematics more arithmetical, which,, 

in turn, was part of the general movement to make the subject more 

'practical-' Some reaction to these newer emphases in the curriculum 

is detectable from around 1905. 

Reactions and Appraisals 

Both geometrical drawing and graphical work in algebra had at 

first been enthusiastically and uncritically accepted, and such 

practical activities spread through the system with remarkable speed. 

The army requirements in particular swung dramatically towards the 

ideals of practical mathematics, with a strong emphasis on geometrical 

drawing, graphical methods in algebra and mechanics, and the use of 

both logarithms and the slide rule [Broomfield, 1905a, 1905b]. 

Significantly, the Mathematical Gazette published a scathing reaction 

to the Civil Service Commission's wholesale acceptance of these methods. 

Robinson E1906, p. 3361 of St. Paul's School generally remarked: 

62 For a history of the slide rule see Cajori [19091. 
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The policy of 'overturn, overturn' has been pushed too far: 
if numerical calculations, graphical representations, and 
geometrical drawing are not merely to be an aid, but a 
substitute for a systematic knowledge of the theory of 
Elementary Mathematics, the value of the subject as an 
educational instrument will be but small. 

Given the nature of the new army requirements, he felt that there was 

'a real danger of such a revolution' Ep. 3361. Analyzing the new papers, 

Robinson concluded that 'The questions set involve little else but 

numerical calculations and graphic work' Ep. 3371, and he went on: 

the examiners do not require a sound theoretical knowledge of any 
subject, but only the ability to apply special formulae and 
methods to the numerical solution of a certain class of questions 
which they regard as of practical importance. EP. 3381 

Thus, he felt candidates only required 'a few knoblets of knowledge which 

will enable them to solve questions of a strictly practical and "useful" 

kind, Ep. 3381. In the case of the laboratory work in weighing and 

measuring, he referred to it as 'dignified by the title of "Practical 

Mathematics, "' and he felt that such experiments 'as a part of 

mathematics *a seem somewhat out of place' Ep. 3381. These reactions, 

though narrowly focused on the army requirements, 
63 

reflect more 

general misgivings concerning the directions of change. 

The School World, which had done much to publicize practical 

methods, also published a detailed and critical appraisal of the 

funtions of the new activities, from the Senior Mathematical Master of 

Bradford Grammar School. Much of Jones' [19051 discussion concerned 

the proper relationship between theoretical and practical geometry. 

He argued that 'exercises which merely test a pupil's skill in 

draughtsman's work are surely for the art room' Ep. 2881, and that, of 

the new geometries 'the majority seem to have been hurriedly turned 

out for the sake of inserting something which could be called practical' 

Ep. 2881. He dismissed activities involving drawing, measuring, folding 

63 see also Hawkins 11912, pp. 461-4671 for a lengthy review of the 
army requirements, with strong criticism of the tendency to 
superficiality and graphical excesses. 
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and cutting as not a valid substitute for the serious business of 

deductive proof, and claimed that 'geometry is not an experimental 

science, EP. 2881.64 He also shared Hall's concern for the state of 

Igraphomania, ' and advocated a more serious consideration of purposes 

here (see p. 231). Before the end of the decade, some of the leaders 

in the reform movement were also expressing concern for the pattern of 

change. 

Branford [1908, 
_pp. 

vii-viii] warmly welcomed the newer tendencies 

in many schools where: 

the practical and theoretical aspects of mathematics are 
co-ordinated and developed: where simple descriptive geometry 
aids and is aided by clay-modelling and drawing: where 
theoretical geometry and practical geometrical drawing and 
mensuration illustrate and assist each other: where theoretical 
and experimental mechanics are associated with each other and 
with pure mathematics: where, in fine, all the branches of 
elementary mathematics, pure and applied, theoretical and 
experimental, are commingled at appropriate times, so that the 
mind sees and uses its mathematical conceptions and processes as 
a beautiful, well-ordered, and powerful whole, instead of a 
thing of shreds and patches. 

However, he felt it necessary to add: 

It must, however, be admitted that the particular type of 
intellectual discipline obtainable from mathematical study 
on its formal, systematic, and logical side, is in considerable 
danger of becoming temporarily sacrificed during a too extreme 
swing of the pendulum of reform. Ep. viii] 

Godfrey [1908, p. 2541 also referred to the recent examination 

reforms in geometry, which had 'released a volume of pent-up energy, ' 

and resulted in a tendency to overdo the practical elements. He added: 

it Was Soon realiZ2d that this would make the subject invertebrate, 
that there must be a certain element of seve'rity in every school 
study, and that for purposes of general education geometry. must 
still stand or fall by the logical training it gives. Ep. 25G] 

He judged that 'the transitional period is still on us, '_ and that 'perhaps 

64 Jones E1905, p. 2871 did, however, support a preliminary course of 
practical measurements, which 'differs in reality very little 
from the first course ... we formerly gave to beginners in 
physics' (see pp. 203-208). 
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it is still too soon to give a final opinion' Ep. 2561. He also 

considered the newer numerical and graphical tendencies in algebra, 

where again 'Following the usual law, the reform went too far, ' but 

he judged that 'The pendulum is nowswinging in the opposite direction, 

Ep. 2571. Perry also expressed his concern, and some evident impatience, 

regarding the gap between ideals and the form of their realization at 

this time (see pp. 129,181), and the first mathematical Circular of the 

BE [1909a] was a major contribution to the refinement of pedagogy 

concerning practical geometry and graphical algebra. Up to the War, 

a number of teachers were themselves evolving a satisfactory relation- 

ship between mathematics and practical work Ejones, 1912; Lister, 1913; 

Bingham, 1913; Child, 19141. Evidently, practical mathematics meant 

different things to different people, and in the Special Reports of 

1912 the name was taken to imply laboratory work in mathematics. In 

the introduction to the papers an this subject, Turner E1912, p. 3941 

remarked: 

Those who prefer to keep as close as possible to the old methods 
have made a minimum concession by introducing a few models and a 
little squared paper into their classrooms; the thoroughý-going 
reformers have boldly left the class-room altogether and installed 
themselves in the workshop. 

Fewdry [1915, p. 361 adopted the laboratory interpretation of 

practical mathematics in a paper given to the MA, and, significantly, 

remarked: 

Numerical evaluation of algebraic expressions, accurate 
constructions Of geometrical problems, platting of curves, 
graphical solutions, use of logarithms in computation, in 
fact the bulk of the methods which have been adopted in the 
class teaching of Mathematics largely as a result of the 
efforts of the Mathematical Association [sic] - these to me 
do not mean Practical Mathematics, Such operations can be 
conducted in a class-room without the use of further 
apparatus than a box of instruments, some squared paper, and 
a table of logarithms. 

Fawdry's judgement was seriously at fault here, the gains to which he 

referred all being tangible results of the Perry movement. Furthermore, 
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from around 1910, there is evidence of efforts by the mathematical 

community to discredit practical mathematics on other grounds. 

The gulf separating the Cambridge school of mathematicians, led 

by Forsyth, and the engineering colleges, working on Perry's lines, was 

considerable, in spite of the apparent consensus within the Committee 

of the BAAS in 1902. These differences of outlook emerged strongly in 

an early letter by Perry [1903b, p. 3901 to Nature, where he referred 

to Professor Greenhill's judgement that his The Calculus for Engineers 

was 'a series of events connected by a slight thread of continuous 

theory, ' which suggested 'a mathematical Pickwick. ' He appealed for 

a lead from Cambridge in the case of the higher education of engineers: 

it is not merely elementary education that is going into the 
melting-pat. Is Cambridge going to hold aloof from the little 
army of men who think that the melting and solidifying processes 
need to be guided? Has Cambridge no interest whatsoever in the 
nature of the possible crystalisation? Ep. 3911 

Regarding the important supply of mathematics teachers from Cambridge, 

Perry [1902c, p. 2031 scathingly commented: 

we must do without them, and indeed severely reject them, as 
candidates for posts, if they will not give boys such teaching 
as befits the twentieth century. 

Significantly, in his detailed Report on English reforms, Wolff [1915, 

pp. 67-841 strongly contrasted two schools of thought in an interesting 

section titled Die Reformbewegung in England (Perry and Forsyth). A 

major bone of contention was that rapid progress through an ambitious 

range of useful content in practical mathematics necessitated a lack 

of attention to general principles, with the systematic theoretical 

development of ideas neglected. 

Hobson [1911,19121 in Presidential Addresses to the BAAS and the 

mA strongly underlined the need to work out a satisfactory relationship 

between theoretical and practical work in schools. He also made some 

interesting remarks concerning practical mathematics: 
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A perusal of some of the current treatises an 'practical 
Mathematics' has led me to think that in some quarters the 

purely practical side of Mathematics is unduly emphasized.... 
I do not wish in the least to depreciate the importance of 
Mathematics as providing the tools for a vast variety of 
applications.... But the most important educational aspect of 
the subject is as an instrument for training boys and girls to 
think accurately and independently.... [1912, pp. 238-2391 

He also added the following biting criticism: 

I gather that in some of the current teaching of practical 
Mathematical a kind of perverse ingenuity is exhibited in 

evading all discussion of fundamental ideas, and in the 

elimination of reference to general principles. Ep. 2391 

Interestingly, on being asked to clarify whether he meant by practical 

mathematics Perry's scheme for the BE, or laboratory work, he replied 

'I think I had both in my mind. I used the word "practical" to distinguish 

from the mathematics which deals with principles' Ep. 2431. By this 

time, a third, looser interpretation of practical mathematics as 

practical activities in mathematics appears to have faded. 65 

Perry [1912, p. 341 now felt that it was 'perhaps a pity that I 

gave such a misleading name as practical mathematics to the reformed 

methods, but I wanted to differentiate them from the orthodox methods. ' 

A teacher on the technical side at St. Dunstan's College even went so 

far as to refer to practical mathematics as an 'obnoxious term' 

[Usherwood, 1912, p. 631. The suitability of Perry's scheme in the 

restricted case of the education of engineers was also coming into 

question. By this time, engineering science was established as an 

alternative academic study to mathematics or natural science, and was 

emerging as a suitable new subject in a liberal education [Hopkinson, 

1912, p. 3291. During the Fifth ICM at Cambridge, Sir William White 

[1912, p. 951 argued that the 'preponderance of opinion' favoured the 

handing over of the mathematical education_of engineers to mathematical 

specialistst who could provide a broader and deeper theoretical ground- 

ing, which could subsequently be applied and adapted. This was a clear 

65 See also the reactions quoted in Chapter 3, pp. 105,107,129-130. 
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rejection of the older tradition of practical mathematics for engineers, 

closely linked with specific applications throughout, which it was 

felt had inhibited this country's progress in research in particular. 

Perry [1912, p. 341 reacted strongly to White's 'contemptuous' 

reference to practical mathematics. White was a member of the governing 

body at Imperial College, where important changes were in the process 

of implementation. Perry had been asked to retire, and Henrici had 

already retired. Perry was reluctant to leave and claimed 'The 

syllabus and methods of teaching are exactly as they have been for 

seventeen years' Ep. 351. In retrospect, this appears to have been a 

major failing in Perry's later years, that he persistently regarded his 

inflexible scheme, with its roots in the 1870s, as a panacea in the 

education of engineers. Perry lost this battle and was forcibly retired 

in 1913, to be replaced by, of all people, Forsyth, a Cambridge 

mathematician who shared White's views [Wolff, 1915, p. 831. However, 

practical mathematics was by this time very firmly established in the 

sphere of evening technical education (see p. 220). 

Perry's [19131 Elementary Practical Mathematics was published as 

a revision of his six lectures for the DSA [18991. In the preface, 

Perry [1913, p. viii] expressed frustration with many technical teachers' 

interpretations of his ideals, mediated through textbooks, which 

dominated the teaching. He also chose to reiterate his by now 

exaggerated and simplistic attack on 'academic methods' generally. 

This book was fairly savagely reviewed in the School World [1913b], 

under the title 'The Apotheosis of Practical Mathematics, i and by 

Bryan [19131 in Nature. In the School World, Perry's major contribution 

to curriculum development in technical education was acknowledged, in 

spite of teachers' misinterpretations, though his disinclination to 

pursue theory was criticized. The reviewer confessed 'we have not 

much faith in the new royal road to mathematics, ' and suggested that 
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'The "wooden-headedl cock-sure, academic persons, " perhaps know their 

business a little better than Prof. Perry will allow his students to 

believe. I 

Bryan's [1913, p. 5511 lengthy review began by acknowledging that 

the 'revolution' in mathematical education over the previous ten or 

fifteen years 'owes its, 
-success 

largely. to the indefatigable exertions 

of Prof. John ýerry. ' Howevýer, as regards: Perry's mathematical sensitivity, 

or rather his lack of it, he was far from generous: 

when he comes to the bookwork, we fail to find much difference 
between his 'practical' mathematics-and the old-fashioned 
'academic' mathematics, except that his methods are less 
logical, less interesting, and less convincing than thqse now 
adopted by our best teachers. [p. 5511 

The following example well exemplifies the general attack an Perry's 

mathematical shortcomings: 

Prof. Perry ... says that 'in many important calculations we 
need to use Napierian logarithms, whose base is 2.71828.1 
'Why 2.71828? 1 asks the intelligent student. No answer is 
given; and this is what Prof. Perry calls 'practical mathematics. ' 
We should call it cram. But the author continues to drag in this 
apparently useless and meaningless symbol e throughout the 
book.... Ep. 5511 

Throughout his life, Perry remained too much a practical engineer in 

outlook and too little a mathematician for the likes of the mathe- 

matical community. 

Although the use of the name practical mathematics very slowly 

faded, mathematics for technical stuýents continued after the War to 

-, 
be associated with an inferior treatment of the subject. Benny 

[1924, p. 591 qonfessed: 

I have never been able to discover exactly what [practical 
mathematical is Supposed to include; it appears to exclude, 
carefully, all elements of mathematical instruction, which 
render it valuable as mental training. 

Piaggio E1924, p. 1611 made the following assessment: 

Practical Mathematics ... is regarded very unfavourably by many 
mathematicians, and ... may be summed up as Calculus ... with 
as much as possible of the academic mathematics required to 
lead up to this and with constant reference at every stage to 
engineering applications. 
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He also claimed that 'an evil tradition has grown up that lack of 

logic makes an argument particularly convincing to practical men' 

[p. 1621, and he pointed to the following historical circumstances: 

The pioneers in Practical Mathematics were involved in much 
controversy, and they denounced the ordinary mathematical 
course with much vehemence.... But the impetus of their 
attack an academic methods led them to reject the good as well 
as the bad, and their example has been followed by too many 
of their followers. Ep. 162166 

Thus, when the MA turned its attention to the needs of technical 

students, in the 1920s, the mathematical quality of the courses being 

provided was a major concern (see pp. 175-177). As has already been 

shown, there was also a reaction to the wider tendency towards more 

practical methods in teaching, for which the Perry movement had strongly 

campaigned (see pp. 238-242). 

In a paper to; the MA an 'Practical Mathematics in Schools, ' 

Steggall [1914, p. 2941 exemplified the harder line in relation to 

practical work, and expressed the hope that: 

the authorities of the Mathematical Association will keep in 
the future, as they have done in the past, a firm faith that 
the primary value of mathematical study is not to be found in 
such results as skill with the penny ruler, the scissors and 
the scales, but in the culture that all genuine mathematical 
study has been held to give from the days of Plato to those 
of Russell and Whitehead. 

After the War, Mayo 11928, pp. 131-1391 reflected a similar point of 

view, and confessed that he had had little sympathy for the extreme 

swing from the abstract to the concrete in the teaching at Harrow. 

He welcomed the shift back from 'materialism' to a more disciplinary 

approach, aligned with a classical education Ep. 1371 (SEE p. 209). 

Perry died in 1920 and does not appear to have received at this 

time general recognition for his role in the reform of mathematical 

66 J. T. Combridge recalls that when he was appointed to the City and 
Guilds Engineering College, South Kensington (part of Imperial 
College), in the 1920s, Perry's legacy was still evidento 
particularly in practical mechanics. However, he adds 'the 
Directly Useful series of text books was anathema to some of my 
colleagues. ' I am grateful to Mr. Combridge for these insights. 
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education. 
67 His Obituary in Nature was written by his old friend 

Armstrong [19201, at a time when the pioneering Finsbury College was 

in a serious state of decline [Brock, 19791. Armstrong paid the 

following tribute to Perry: 

his real interest lay in the work of education and he will go 
down to fame as an DZiginal and constructive teacher who laid 
the foundation of a new era. He made mathematical teaching 
more practical.... [Armstrong, 1920, p. 7521 

Armstrong's emphasis on teaching methods is undoubtedly the right one, 

for it was here that the Perry movement achieved its major successes, 

as has been shown. However, after the reaction had set in, 'Perryismust 

became characterized as an 'extreme' school of thought, with, at the 

other extreme 'the "high and dry" school, now perhaps suffering 

temporary eclipse, but always standing for high ideals of scholarship' 

EMA, 1919a, p. 201. Heywood [1925, p. 3261 referred to the 'Perry 

Controversy, ' and claimed: 

The division between the academic mathematicians and the 
practical mathematicians is not so acute as it formerly 
was.... But the question is far from being settled ... its 
importance and its potency for progress lies in the fact that 
it is a movement from outside. 

As a 'movement from outside, ' Perry's campaign had been enormously 

important for school mathematical reform twenty-five years earlier, 

and many tributes were paid to Perry before the First World War. 68 

Bryan C1912h, p. 681 referred to the movement for the earlier 

treatment of calculus, 
69 

and claimed: 

this and many other equally important changes owe their 
inception largely to what has often been described as the 
'Perry movement*' 

Godfrey [1908, p. 2521 referred to the turn of the century as a time 

tripe for change, ' though he judged 'no change would come till some 

wave of public opinion should carry examiners and teachers together to 

67 Oddly, Perry's Obituary in the Proceedinqs of the Royal Society 
did not appear until 192G LTurner, 1926J. 

68 See the comments of Abbott (p. 33), Hobson (p. 129), and Bryan (p. 245). 
69 This movement will be discussed in Chapter 7. 
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a new position, ' and he granted that 'The needful impulse came from 

the engineering profession. ' Nunn [1911a, p. 1711 judged Perry's doctrine 

of utility to be 'the psychological principle which justified "the 

dethronement of Euclid" and other reforms that owe so much to the 

eloquence, wit, and authority of Prof. Perry. ' Wolff [1915, pp. 78-791 

has suggested that Perry's development and advocacy of a radical 

alternative paradigm for mathematical education was necessary for the 

overthrow of the classical Euclidean tradition in England. However, 

although there was much early sympathy for Perry's pedagogical views, 

attitudes subsequently hardened to some extent, with a tendency to 

polarization, and his mathematical limitations became increasingly 

exposed. As Wolff [1915, pp. 76-771 has suggested, Perry became out- 

numbered by the mathematical opposition, and, in his later years, his 

persistently arguedl inflexible, and often extreme views became 

discredited. This conclusion is consistent with Cajori's [1917, p. 2901 

judgement that the Perry movement 'made at once a deep and lasting 

impress, especially in England and America, and then spent itself., 70 

In relation to the various ideals of the Perry movement summarized 

earlier (see p. 225), it is clear that the greatest gains concerned 

teaching methods (see (i)-(iv)), and the achievements regarding corre- 

lation with science (see (vii)) were much more limited. The tendencies 

to broaden and unify the subject-matter of mathematics (see (vi)) will 

be considered in Chapter 7, and general shifts in the character of the 

three traditional branches, particularly geometry (see (v)), will be 

discussed in Chapter 8. However, the Perry movement was also 

accompanied by growing refinement in the thinking concerning mathematical 

education, following the polemics in the early stages of Perry's 

campaign, and mathematical education as a field of enquiry in its own 

right began to emerge. These developments form the subject of the next chapter. 

70 On Perry Is American influence see Moore [19031, Young 11907, pp. 87-1211, 
and NCTM 11970a, pp. 246-255; 1970by pp. 39-41,173-1791. 
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Chapter 6 

Educational Perspectives in Mathematics 

The relationship between pedagogical thought and classroom 

practices is a very complex one, and, in any discussion of this 

subject, it is difficult and often dangerous to suggest direct causal 

links between theoretical prescriptions and actual changes in the 

curriculum. However, various arguments have been used at different 

times to defend Established practices, and there is abundant evidence 

that, around the turn of the century, the general educational 'Climate' 

was one receptive to the promulgation of a variety of innovatory ideas 

concerning the curriculurp. There are some major distinguishable 

features concerning the general advance of pedagogy in England from 

the late nineteenth century. 

Early developments concerning the study of education and its 

status, from the 1870s, are associated with the work of the College of 

Preceptors, the establishment of the Syndicate at Cambridge, and the 

creation of lectureships and the first professorships in this subject 

[Rich, 1933, pp. 255-2611.1 Educational thought in this country 

developed slowly up to the end of the century, coming gradually under 

foreign, particularly German, influences [Lawson and Silver, 1973, 

p. 3531.2 The need emerged for broader perspectives on curricula than 

those provided in the methods literature for elementary school 

teachers [Findlay, 1898; Hendy, 18981. As Professor Adams [Cambridge 

Universityp 1902, p. 341 of London University underlined, at a 

conference on secondary teacher, training: 

It is absolutely'necessary that education as a science, should 
justify its position in the-University..... Our literature up 
till now h6s not been of the. best but the need for it is all 
the greater on that account;. our literature is greatly in need 
of strengthening. On the-theory of education we have a great 

.1 On the College's early contribution see pp. 69-70. 
2 On the foreign influences-in infant education see pp. 185-187. The 

important early twentieth-century influence of Herbart will be 
considered later in this chapter. 
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deal of good work in Germany particularly and, to some extent, 
in America. 

With the growing involvement of the universities in the study of 

education and teacher training, from the 1890s, the status and quality 

of these aspects of professionalization gradually improved, though the 

struggle was a protracted one in the case of secondary schoolmasters 

(see pp. 77-80). From 1892 the lecturers in training colleges became 

organized as the Training College Association, and the subsequent 

development of interest in the scientific pursuit of educational 

questions is reflected in the title of this Association's organ from 

1911 - the Journal of Experimental Pedagogy and Training College Record 

[Webb, 1915a, p. 8; Tropp, 1958, p. 1631. Various other sectional 

interests in education became organized in the late nineteenth century. 

Webb's E1915a, 1915b] valuable survey of English educational 

organizations clearly demonstrates the richness and complexity of the 

involvement of teachers and others concerned with various aspects of 

elementary and secondary education, which had developed by the First 

World War. Organizations became increasingly specialized, and became 

concerned for the advancement of specific subjects in the curriculum. 
3 

In mathematical education, this activity was conducted at local, 

national and international levels. 4 
In addition to the College of 

Preceptors, other organizations like the Teachers' Guild, from 1884, 

sought to involve teachers generally in the advancement of their art 

[Webb, 1915b, pp. 13-141, and the creation of the new Section L of the 

. 
BAAS in 1901, devoted to 'educational science, ' is a further sign of 

the growing level of educational concern , though, in this case, the 

5 involvement of school-teachers was limited [Collins, 1979b] . 

Remarkably, by the end of the first quarter of this century, the 

3 On the secondary subject associations see p. 138. 
4 See pp. 130-137 for the work of the ICTM from 1908, and the South- 

Eastern Association from 1911. 
5 For some of the background concerning Section L see p. 99. 
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Schoolmasters Yearbook E1926, pp. 10-501 included descriptions of as 

many as sixty-six educational societies and organizations, as well as 

a list of seventy-eight other associations. Organizational developments 

were naturally accompanied by developments in the educational press. 

The importance of the developing educational and scientific 

literature for the early stages in the reform of mathematical education 

was emphasized in Chapter 3 (see pp. 97-98). Tropp's [19581 survey 

clearly demonstrates the notable expansion and increasing specialization 

of the educational press during the late nineteenth and early twentieth 

centuries. Issues, ideas and developments in mathematical education 

were not only publicized in the columns of general educational period- 

icals such as the Educational Times, Journal of Education and School 

World, but also in more specialist journals such as Nature., the 

Mathematical Gazette and the South-Eastern Association's Journall as 

well as in the organs of sectional associations like the AMA and the 

Association of Preparatory Schools, and in the newer Technical Journal 

(19o8) of the ATTI, the School Science Review (1919) of the APSSM, and 

the Times Educational Supplement (1910). 

In the light of the various developments mentioned thus far in 

this chapter, it is not surprising to find Selleck [1968, p. 1041 refer- 

ring to the period 1890-1914 as one during which there were 'frequent 

references to an increase in self-criticism, to a growth in professional 

awareness among teachers. ' These were critical years for the 'new 

education' which was neither a unified nor coherent movement, though 

contemporary references to it were commonly made Epp. 102-1031. The 

comprehensive character of pedagogical advances from around 1890 has 

also been well summarized by Lawson and Silver [1973, p. 356-3571: 

A range of new departures was becoming evident in English education 
in the 1890s. There were new schools and new interests in child 
study and child development.... The constraints imposed by payment 
by results were being removed from the elementary schools, and new 
approaches in the infant school were beginning to have an influence 
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on the higher classes. Technical subjects and science were not 
only finding a place in schools, but were also the focus of new 
thinking about methods and objectives in teaching. For most of 
the nineteenth century the major changes in education had been 
in terms of supply and structure. Under new pressures, changes 
in the final decades also began to focus on content and method, 
and on children. The search for a new understanding of children 
and of educational processes was closely related to the wider 
changes of emphasis in discussions, of the individual, society and 
social policy-6 

By around 1920, it had become appropriate to refer in the 

general educational literature not just to the 'new education, ' but 

to the 'new teaching' EAdams, 19181 of the 'modern teacher' [Watson-Bain, 

19211, and Adams [1924, p. 91 could refer to more than half a dozen 

recent secondary methods books which-embodied the new thinking. Adams 

[1918, p. 81 could also claim that 'the leaven of progress is working 

throughout the whole teaching body' and that 'we have abundant proof 

that teachers as a class think to-day of the technique of their work 

in a way they have never done before. ' Adams also drew attention to 

one notable feature of the new outlook: 'It is recognised that in the 

ultimate resort a subject must be approached from the standpoint of the 

pupil, rather then of the teacher' Ep. 111. 

Towards-the end of the nineteenth century, although the 'new 

education' embraced diverse educational standpoints, it was at least 

united in its rejection of the older disciplinary view of education 

[Selleck, 19G8, pp. 336-3371. The character of the educational outlook 

which dominated throughout much of the nineteenth century, and which 

was applied to mathematics in particular, warrants a closer inspection. 

Mental Discipline and Faculty Psychology 

The mathematical examinations of the ancient universities, 

6 The relevance of these generalizations concerning the influence of 
infant, scientific and technical education, in the case of mathe- 
matics, was demonstrated in the last chapter. The wide-ranging 
character of educational turmoil prompted one writer to judge that 
major change in mathematical education was 'inevitable, (see p. 123). 
See also p. 225, for a summary of the pedagogical maxims of the 
early twentieth-century Perry movement. 



253 

particularly Cambridge, came to exert a formidable influence upon 

public and grammar schools. One consequence was the high premium 

placed upon examination successes, at the expense of intrinsic 

educational objectives. 
7 

As Macaulay and Greenstreet E1912, p. 2111 

remarked: 

The schoolmaster has for some fifty years been accustomed to 
the control of the Universities over curricula and methods. The 
kudos attached to the winning of a scholarship is considerable ... 
in a large number of instances it may be said that almost the sole 
measure of the school's success is the number of these scholarships 
that it wins. 

General educational purposes in mathematics were overshadowed by 

the needs of specialists in boys' and, later, girls! schools also (see 

pp. 44,71). 
8 The character of mathematical education was dominated by 

examination requirements. A writer in the Educational Times subsequently 

referred to 'the monopoly that Cambridge had established! [College of 

Preceptors, 1912, p. 2291, with this university remaining largely above 

criticism, although it 'revelled in a liturgy of academic problems, 

dextrous manipulations, and examination pitfalls' Ep. 2291. This 

writer drew attention to the general distortion of mathematical education, 

in such forms as: 

the collection of an encyclopaedia of curiosities, the elaboration 
of rules and processes for each particular problem, the class- 
ification of appropriate dodges, and an amount of over-teaching 
and over-learning which, praised as 'thorough' by the author, has 
been the worst form of cram. The tendency to over-appreciation 
of details extends to the lowest ranks. Ep. 2291 

The attitude to the majority of pupils caught up in this system was 

summarized by Godfrey [1912a, p. 1611: 

See pp. 70-74 for details of the Mathematical Tripos and its 
influence. 
Godfrey [1906a, p. 771 openly attacked this system in the Cornhill 
Maqazine. He feared generally that 'university dons have no 
sense of their responsibility for English education, ' their 'chief 
preoccupation' being 'to select and purchase the best brains in 
the mark2t, ' mainly for purposes of advertisement. He added, 'In 
the same way, the public schools buy up the brains of preparatory 
schools, to turn them into university scholars. ' 
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The aristocratic theory of education has determined the choice 
of subject-matter in teaching mathematics in schools.... In 
the past - the not distant past - the assumption was made 
tacitly that mathematics could appeal only to the few; that the 

OV2rage boy was essentially stupid and more or less a, 
_, 
hopeless 

problem. This entirely false assumption arose from the 

aristocratic theory. 

Hobson [1912, p. 2361 also referred to this 'anti-democratic' principle, 

and to the rationale which neglected individual differences and fund- 

amental questions of content and method: 

the notion of Mathematical teaching was that it should be in the 

main medicinal and corrective. Its advantages consisted largely 
in calling forth the use of faculties which are the rarest in 
the average boy or girl, and were therefore thought to be in 
special need of development. It was thought to be by no means 
wholly a disadvantage that Ethe branches of mathematics] were 
found hard and repulsive by the majority. It was thought that 
the hard discipline involved in the attempt to assimilate them 
developed a kind of mental grit, and involved a certain species 
of moral-training, even when the intellectual resulto were 
small. EP. 2361 

Growing concern for a wider ability range in curricular planning 

and practices is one feature of the reform in mathematical education. 

Godfrey [1912al pp. 161-1621 referred to it as the rejection of the 

older 'aristocratic theory' and Hobson [19121 as 'the democratization 

of mathematical education, ' which meant in secondary education: 

the concentration of the attention of the Educator, in a much 
greater degree than formerly, on the work of developing the 
minds of the average many, and not s, ol_ely of those of the exception- 
ally gifted few. 9 [p. 2351 

Reports of Committees of the HMC and the MA before the First World War 

focused specifically an the mathematics curriculum for 'non-sp2CialiStS' 

(see pp. 150-151,163). 
10 Their needs became more pressing with the 

declining hold of the disciplinary view of education, based an a notion 

of-mental faculties. 

The greak roots of faculty psychology have been traced by Burt 

[19381. The embryonic ideas were refined by the German Christian Wolff 

9 Hobson's leverage many' was only the small minority of the 
adolescent population passing through public and secondary schools. 

10 Greater attention to individual differences also developed in 
America after 1900 ENCTM, 1970b, p. 1931. 
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(1679-1754), who hierarchically organized different postulated faculties 

of mind such as memory, imagination, reasoning and will. Burt suggests 

that the popularization of faculty psychology in the nineteenth century 

was probably due to the phrenologists, whose theory localized many 

distinct faculties in different parts of the brain Epp. 429-4321. As 

Selleck [1968, pp. 46-471 has pointed out, there were three major axioms 

involved in the educational arguments concerning mental training. These 

are that separate faculties exist; that they have the potential for 

training through exercise; and that transfer is possible from specific 

to more general contexts. The analogy with physical training is close, 

with faculties regarded as mental muscles which can be exercised, and 

thereby developed for general use, through specific mental tasks 

involving suitable subject-matter, such as learning to reproduce 

perfectly a theorem in Euclid or to implement a complicated algorithm 

in arithmetic or algebra. Extreme forms of 'drilling' could be 

justified educationally BB a means of strengthening the various 

faculties of mind, including the character. 

The assumptions concerning mental training are implicit in the 

Reports of the two Royal Commissions [Clarendon, 1864; Taunton, 18681 

on secondary education in the 1860s, as well as the later Royal 

Commission an this subject [Bryce, 1895a; BE, 1938, pp. 129-1301. The 

Public Schools Commission [Clarendon, 1864, p. 151 claimed that 

'mathematics at least have established a title to respect as an instru- 

ment of mental discipline; they are recognised and honoured at the 

Universities-' The Schools Inquiry Commission [Taunton, 1868, pp. 29-301 

admitted that 'No one can doubt the value of geometry as an exercise 

in severe reasoning, ' though found it less easy to Justify the teaching 

of other branches, and referred rather feebly to algebra as affording 

'admirable examples of ingenuity. ' The Bryce Commission 11895a, p. 1351 

confidently adopted the faculty training argument: 
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All education is development and discipline of faculty by the 
communication of knowledge, and whether the faculty be the eye 
and hand, or the reason and imagination, and whether the 
knowledge be of nature or art, of science or literature, if 
the knowledge be so communicated as to evoke and exercise and 
discipline faculty, the process is rightly termed education. 

In elementary education, Selleck [1968, pp. 45-581 has shown how 

faculty psychology was widely used to rationalize prevailing practices 

during the period of the linstrumentary education' of the masses, from 

the 1860s to the 1890s, and was commonly assumed by writers of manuals 

of method . Although the theory was not important for the framing of 

the elementary curriculum, it came to play a very important part in 

its defence. As well as the supposed benefits for the intellectual 

faculties, the linstrumentary education' was also defended as a means 

of character formation for the presumed unruly Victorian working 

classes. Thus, as Selleck [p. 581 has concluded: 

It was important to undermine faculty psychology because it 
was the most obvious intellectual prop supporting the 
traditional education.... " 

The attack on faculty psychology came in essentially two forms. 

The firstv principally associated with J. F. Herbert (1776-1841) and his 

interpretersy the Herbartians, totally rejected the model of faculties 

and postulated an alternative model of the mind based on ideas, interests 

and a new view of the learning process. The attack in England was 

helped forward by the publication of Adams' [18971 The Herbartian 

Psychology Applied to Education, which has been singled out by Burt 

[1938, pp. 432-4331 and Selleck [1968, p. 2581 as a seminal influence on 

English educational thought. Nunn 11911av P. 1711 referred to this book 

as an 'educational classic, ' and boldly claimed: 

the central purpose in teaching mathematics is not to 'train 
the power' of reasoning, of generalising, of 'mental accuracy, 
etc. The fallacies embodied in the persistent heresy of 

11 The disciplinary theory was also dominant in America UP to around 
1890, when counter-arguments emerged ENCTM, 1970b, pp. 27-3G, 99-102 
155-1G21. The newer practical and heuristic methods in education 
were also partly advocated for their benefits in terms of faculty 
training (see pp. 190,194). 
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'formal training' have been repeatedly eXpDsedt and need not 
detain us here. The time should soon come when an educational 
writer may ignore them. Ep. 1671 

Godfrey [1912dy p. 2941 also referred to a 'line of division ... between 

the mental-and-moral-discipline teachers, and the school who, consciously 

or unconsciously, follow Herbart, ' and judged that the former school's 

'star' was 'no longer in the ascendant. ' 12 The other form of the 

attack an faculty psychology focused on the evidence concerning transfer 

of training. 

A key question was the extent to which mental faculties 

exercised in specific fields could be transferred to other fields. Was 

there any evidence to suggest that the hypothetical construct of a 

general faculty was a reasonable one? William James raised the general 

question of transfer in America during the 1890s, and Thorndike and 

his co-workero pursued the matter experimentally from 1901 ENCTM, 1970b, 

pp. 186-1871. Hamley [1938, p. 41#01 subsequently summarized the 

implications thus: 

Others [e. g. Herbart] had disposed of 'faculty psychology' by 
denying, that faculties exist; Thorndike achieved the same result 
by taking from faculties their real meaning. Henceforth all 
abilities became individual and specific. 

These conclusions thoroughly undermined the assumption that, in 

arithmetic for example, a strenuous period of drill could develop at 

least some general faculties such as accuracy, quickness, discrimination, 

memory, observation, attention, concentration, judgement, reasoning and 

so on Epp. 439-44a]. The similar relentless forcing of pupils through 

other branches of mathematics, without considering individual differences 

or motivation, could no longer be simply justified in disciplinary terms. 13 

In the early twentieth century, the arguments concerning mental 

discipline were certainly not eliminated, but, rather, utilized more 

12 Herbert's thought, and refinements in the discussion of educational 
aims in mathematics will be eXplDred later in this chapter. 

13 In America, by 1920, the older disciplinary argument had been 
soundly discredited, and a major problem was to find alternative 
rationales ENCTM, 1970b, pp. 193,1961. 
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cautiously and refined [BE, 1938, pp.? 7-781. For example, Godfrey 

[1912al p. 1661 admitted: 

when it is said that mathematics develop the memory, the logic 

and reasoning faculty, the power of generalisation - develops 

all these powers as applied not only to mathematics but also to 

general activities - well, I hope that it may all be true but I 
have not met with the proof. 

As Godfrey pointed out, transfer from mathematics to other domains 

was a matter of degree, and, even in the case of obviously related 

subjects like science, the question was far from straightforward. 

He concluded: 

if it be so difficult to 'carry over' mental habits from one 
department to another within a school, how much more difficult 
is it. to 'carry over' from school into, after"life. Perhaps this 
object would be better attained (if it be attainable) by 
providing for it more deliberately. Ep. 16G] 

One possible means of facilitating transfer was to emphasize 

correlations between mathematics and its applications in other subjects. 

The idea of generally correlating studies across the curriculum became 

a prominent one in pedagogical thought, with important implications 

for mathematics in particular. 

Correlation 

By the turn of the century, the principle of correlation or the 

co-ordination of studies had become an established part of educational 

rhetoric. Barnett [1899, pp. 117-1181 claimed 'The necessity for 

concentration or connectedness in studies should be pretty obvious, ' 

and he pointed to the presumed benefits of better understanding and 

retention. He added, 'The more points of rational connexion there are 

between our ideas, the more knowledge are we said to have, the better 

we understand the world, ' and 'We must ... concentrate and connect so 

as to save effort in details. ' In theory, by applying this principle 

time would be saved, and so the curriculum could be broadened. Findlay 

11902, p. 1851 referred to correlation and self-activity as principles 

which were 'the stock-in-trade ... of every lecturer an education. ' 
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In relation to mathematics, he pointed out that there were two aspects 

to correlation. Firstly, there was the outward-looking aspect of 

relating mathematics to its applications, particularly in science. 

Secondly, there was the inward-looking aspect, which 'emphasizes the 

necessity of bringing the various parts of elementary mathematics in 

correlation with each other' Ep. 1851.14 Correlation was an attractive 

notion in principle, though, thinking more pragmatically, Godfrey [1912a, 

p. 1661 referred to it as 'that system so dear to educationists and 

such a bugbear to practical teachers. ' 

Selleck [1968, pp. 239-2411 has traced back to Ziller, a disciple 

of Herbart, the idea of concentration of knowledge around some core, 

though there are only loose links with the later and wider emphasis 

an correlation in various forms Epp. 251-2521. By the First World War, 

some of the possible links between mathematics and geography, history, 

drawing, manual training, and, particularly, physical science had been 

explored Ewolff, 1915, pp. 170-1791. The terms of reference for the 

MA's [1919a] general Report included the principle of co-ordination, 

and various aspects of this principle featured in the general recommend- 

ations (see p. 167). In the case of elementary schools, links between 

arithmetic, practical geometry and mensuration, and other subjects such 

as manual'training and science came to be explored in some detail, at 

least in principle [BAAS, 1.907, pp. 438-444; LCC, 1911, pp. 57-77; Millis, 

1925, pp. 93-961. The interest in correlation was world-wide, particularly 

concerning the links between mathematics and physics, as Smith and 

Goldziher's [1912, pp. 73-801 BibliograpýK demonstrates. Over ten per 

cent of the items listed for the period 1900-1912 were placed in the 

category 'correlation and applications of mathematics. ' The obvious 

links between mathematics and science teaching were explored in detail 

14 Within mathembticsl the principle was one of unification or fusion, 
which might be achieved through an emphasis an fundamental ideas 
and general thought patterns. This aspect will be discussed in 
the next chapter. 
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in the last chapter. What is perhaps surprising is that links with 

other subjects like geography were also explored in the early 

twentieth century. 

Nunn [19081 presented a paper to the College of Preceptors on 

'Science in Correlation with Geography and Mathematics. ' On historical 

grounds, Nunn argued for greater attention to the instrumental value 

of mathematics, and for the need to exploit problems 'that have a 

content of positive value and interest to the boy, t which would provide 

'motives for the invention of the ordinary apparatus of mathematics, 

Ep. 1771. The status of geography in the curriculum had recently 

improved, and Nunn referred to it as a 'substantive' subject concerned 

with the study of ! the surface of the earth as the home of man' Ep. 1771.15 

Even with this somewhat narrow emphasis, there were obvious possibilities 

for correlation with mathematics, particularly geometry and mensuration 

applied to the earth. 

Nunn was also implementing some of his ideals concerning 

correlation in the demonstration schools of the London Day Training 

College. The work here was subsequently described by Branford and 

Nunn, in the impressive Report of the LCC [1911, pp. 57-771, which 

devoted a long section to co-ordination between mathematics and other 

elementary school subjects. The following extract illustrates the 

application of Nunn's ideas for correlation: 

the method of fixing the position of a point by rectangular 
co-ordinates may be 'invented' as a means of representing the 
relative positions of localities in the neighbourhood of London - 
a means which develops into the conventional method of latitude 
and longitude only when, on extending the scale of our operations, 
the difficulties due to the curvature of the earth make their 
appearance. So again, the notion of the tangent of an angle may 
be reached as a means of standardising the results which 
different members of a class have obtained in their study of the 
variation of the length of noonday shadows. In both these 
instances the problems upon which mathematical machinery designed 

15 Various aspects of the history of geography teaching have been 
considered in dissertations and theses[History of Education 
Society, 1979b, pp. 118-1201. 
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ad hoc has been brought to bear lie within the continuous 
province of Geography. EPP. 58-591 

These problems could also be extended further, to bring in graphical 

work in the first case, and simple surveying in the second. This form 

of correlation required one teacher to exploit fully the links, though 

as the Report of the LCC pointed out, other forms of correlation were 

the parallel treatment of two different aspects of a topic by different 

teachers, and the sequencing of subject-matter in one subject so that 

it could be subsequently applied in another subject Epp. 55-581. There 

is some evidence that particular secondary teachers were sensitive to 

the issues involved, and that the curriculum in mathematics was being 

adjusted accordingly. 

Wallis [19101 described the arrangements in one grant-aided 

secondary school, where discussions had taken place between the 

teachers of mathematics, science and geography. As a result, the 

mathematical masters took over much of the first-year work in 

physical measurements, and brought in some early work in decimals, 

approximations and trigonometry. In addition, to serve the geographers, 

'much practice in graphical work and in the measurement of areas by 

means of squared paper' was provided 1p. 1291, as well as: 

much practice in solid geometry and section-making by means of the 
building up of some of the regular s6lids from stiff drawing paper 
and the cutting of these models for the purposes of showing 
sections. EP-1291 

The science teachers also required the early teaching of logarithms, 

and the use of a simple slide rule, as well as some simple work on 

limiting values and gradients. 

Wallis [19121 also gave a paper to the London Branch of the MA 

on correlation between mathematics and geography, Here-he underlined 

the need for an earlier mathematical treatment of similarity, which 

was traditionally tackled relatively late, if at all, as Euclid VI, and 

the introduction of some simple trigonometry. These modifications 
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would permit a fuller treatment of the globe, maps and surveying in 

geography. He pointed out that geoqraphy teachers also required the 

early use of four-figure logarithmic tables, or a simple slide rule, 

and made much use of approximations. Prophetically, he referred to 

the value of statistics teaching, beyond work on averages, as: 

The adult finds a continuous appeal made to his statistical 
knowledge.... The gullibility of the modern man in the face of 
numerical statements is a reproach to both the geographer and 
the mathematician. Ep. 4501 

Helen Bartram's [19121 paper for the Special Reports provides 

much interesting detail concerning the links between geography and 

practical geometry. As well as developing many of the suggestions 

of Wallis, she referred specifically to the measurement of curves 

using a dressmaker's tracing wheel; the use of angles for directions, 

bearings and the points of the compass; measurement of gradients and 

the principle of contour lines; and the principles of latitude and 

longitude. There is little evidence. concerning the extent of actual 

correlation with geography, though in the case of girls' schools 

Story [1912, p. 5531 found that in 'some schools' the two subjects were 

'more or less closely' correlated, with reference in particular to the 

topics of-similarity, graphical algebra and mensuration. There is 

evidence of some continuing interest in the possibilities, after the 

War* 

A course for secondary teachers at Durham, in 1920, devoted some 

time to the question of correlation, including references to geography 

[Westcott, 19201 (see p. 81), and correlation with this subject was also 

the focus for an article in the Mathematical Gazette in the same year 

[Fairgrieve, 19201. However, as Balton [1928, p. 641 subsequently 

emphasized, the value of correlation here: 

has been pointed out again and again, but, so far, I cannot see 
much more then an indication of the interaction of the two subjects. 
Here again we are dependent on the supply of teachers with the 
right training.... 
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The premium placed on narrow specialization for secondary teaching was 

a major barrier to general progress, though Bolton did point out that, 

at Cambridge$ geographers were encouraged to read Part I of the 

Mathematical Tripos. It seems likely that close correlation between 

these two subjects was a far from general phenomenon, but the existence 

of some interest in the possibilities is noteable nonetheless. Bolton 

also referred to the potential links with the workshop and manual 

training courses, which was another potential area for correlation. 

The late nineteenth-century interest in various forms of manual 

training, as one componement of a 'practical education, ' and the early 

implications for teaching methods in mathematics were considered in the 

last chapter (see pp. 188-192). There is some evidence of interest in 

the possibilities of correlation here, in boys' secondary schools, 

though less then in the cases of science and geography. 
16 

Oundle School was well equipped with a workshop, power room and 

engineering laboratory, and Sanderson [19121 described, in the Special 

Reports, the School's 'workshop method of practical maihematicst for 

the ten to fifteen age range where: 

the experiments, tests, measurements, designs, which form the 
regular part of the work in the shops involve the use of a 
wide range of Mathematics, and in carrying them out it will be 
found that a boy will learn his Mathematics as he learns the 
use of tools by constantly applying them. Ep. 4121 

Thus, at Oundle, the work in the mathematical classroom was largely 

motivated by problems from the workshop and laboratory. 17 Usherwood 

[19121 exhibited a similar philosophy, in the Dase of older pupils on 

the engineering side at St. Dunstan's College. However, under the 

influence of Dewey and Branford in particular, he also argued a case 

for the close correlation of mathematics and the simpler forms of 

manual training, linked also with science Epp. 64-671. He briefly 

16 Possible links between mathematics, drawing and carpentry are 
considered in Wolff [1915, pp. 175-1791. 

17 See also Sanderson's evidence for the BE's [1913c, pp. 274-2781 
Consultative Committee. 
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reiterated his argument in the MA's E1919a, pp. 26-271 general Report, 

where he also drew attention to the reality: 

In but few [secondary] schools - so far as can be discovered - 
is there any deliberate attempt at organising a scheme in 
which full advantageýof workshop facilities is taken.... In 
most Secondary schools no direct use is made of the Manual 
Training School in the mathematical class-roams: the reason 
probably is that a definite and reasoned mathematical scheme 
was bearing fruit long before a workshop was contemplated, 
and the e" conomical aspects of correlation have not been 
considered or realised. Epp. 26-271 

Another inhibiting factor would have been the very different status 

and perceptions of the teachers of mathematics and manual training, 

with the former identifying themselves with the ideals of a liberal 

education, and the latter being closer to the needs of industry and 

technical education. On the question of the status of manual work, 

Selby-Bigge remarked in a Prefatory Note to the Consultative Committee's 

large Report on Practical Work in Secondary Schools: 

progress must depend on the creation of an opinion in favour 
of making Secondary Education less bookish than it has been, 
and an a determination to abandon the attitude towards these 
branches of work. [BE, 1913c, p. iii] 

However, such attitudes were firmly established and resistant to 

change. 

The Consultative Committee's Report reflected the view, ýythe 

First World War, that simpler exercises such as paper folding, cutting 

and modelling should not be treated as a separate subject, labelled 

'constructional handwork, ' but rather be adopted as part of the 

teaching strategy in mathematics Ep. 201.18 The Report referred in 

particular to practical work in the measurement of length, area and 

volume, drawing to scale, graphical statistics, and the study of 

plane and solid shapes Ep. 331. A detailed scheme was included in the 

appendices Epp. 92-9411 as well as a scheme of modelling for elementary 

schools, correlated with 'practical mathematicsof 'practical BCience, l 

18 The tendency to divorce 'practical arithmetic' from ordinary 
arithmetic was discussed in the last chapter (see pp. 210-211). 
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and even history Epp. 94-1001. One witness, an HMI, enthusiastically 

described his experiences in one girls' elementary school, where 

'handwork as an educational method' followed the general pattern 

adopted in Buckinghamshire: 

Class 2, for example, were making practical acquaintance with 
areas by means of diagrams drawn by every girl on her desk - 
understood well too; then they rose from their places and 
'attacked' attendance board, partition panel, blackboard, 

window pane, bench, classroom door, partition door, mapf etc., 
with measuring implements, and accurately recorded on paper 
their findings - businesslike way - valuable. Class I did 

similar work, but with this addition, that they first eye- 
judged dimensions of various objects, then recorded in 

writing their estimates, then verified by actual measurement 
what they had done: thorough work. In Class 3- area, 
practical teaching by diagrams - excellent written work based 

an actual measurements. Ep. 1681 

In this particular case, some of the simpler forms of 'constructional 

handwork' had become part of the mathematics curriculum. Various 

features of correlation were advocated for and exploited in some 

elementary schools in the early twentieth century. 

The BE's [1905a, p. 431 first Suggestions referred to correlation 

between arithmetic, drawing, elementary physics and 'hand and eye' 

training, as well as suggested the application of arithmetic to 

personal finance, and domestic economy for girls. The revised 

Suqqestions [BE, 1912c, pp. 7-91 also discussed correlation and suggested 

the making of some measuring instruments and geometrical models in the 

manual workshop. Not surprisingly, the Committee of the BAAS E1907, 

pp. 451-4591 strongly advocated co-ordination of studies, particularly 

between mathematics and elementary science, and even Suggested the 

use of a general thematic approach to such topics as children's ages 

Epp. 455-4561.1 
9 There is some evidence of correlation in practice# 

particularly in London elementary schools, which were no doubt influenced 

by Inspectors such as Branford and Ballard, as well as by Nunn, and the 

19 Twenty-five years later the BE's [1931, pp. 80-851 Consultative 
Committee discussed the 'prDjECt method,? though still in 
rather speculative terms. 
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champions of manual training, like Magnus and Millis. 

The Ica-ordinating method' of the educationist was adopted by 

Branford [1908, pp. 263-2691 as one of two major governing principles 

in his theory of mathematical education, the acknowledgement of the 

need to consider stages in development being the other. He argued for 

correlation across the curriculum and with, -out-of-school 
life: 

though it is necessary to isolate. school studies from each 
other and the world in order to conquer in detail, it is equally 
necessary to be continually reuniting the parts, lest [the 
teacher] finally fashion a being whose intellect is as a house 
with many chambers lacking doors and windows alike. ELCC, 1911, 
p. 121 

Nunn shared similar ideals and was implementing them in the London Day 

Training College's demonstration schools, a detailed syllabus having 

been developed Epp. 62-771 (see pp. 259-261). 20 The scheme ambitiously 

exploited problems from geography, handwork, nature study, physical 

measurements, mechanics, surveying, navigation and finance. Findlay 

was also experimenting on similar lines in the Fielden Demonstration 

School, at Manchester (see p. 211). 

Some general advances in London elementary schools were reported 

by Ballard [1912, pp. 14-151, who referred to a 'movement' for correlating 

mathematics and manual training, which was 'rapidly spreading, ' and 

sustained by conferences on this subject. The need for a correlated 

treatment of mathematics, manual training and science, particularly as 

a preparation for a technical education, was strongly pressed at con- 

ferences and in publications before the War, and, by 1925, there had 

been some gains, particularly in the central schools [Millis, 1925, 

pp. 92-961. Ballard [1912, p. 151 also reported that 'The tendency 

towards practical measurement has promoted the development of the 

mathematical aspect of art, science, and geography, ' with a 'few 

20 After the War, Nunn [19251 continued to advocate correlation in 
elementary schools, and a Consultative CDMMitteels Report [BE, 
1926a, pp. 214-2201 appears to have closely followed Nunn's 
prescriptions in mathematics, though there is also some evident 
frustration expressed concerning actual practices by this time. 
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schools' correlating arithmetic and map work, and a 'large number of 

schools' recording temperatures and pressures daily, the corresponding 

graphs being 'hung upon the walls of nearly every class-room. ' He 

concluded 'Everywhere, in fact, we find traces of the invesion, of 

practical arithmetic' Ep. 151. 

The principle of correlation was one aspect of pedagogical 

thought, with various implications for mathematics, as has been shown. 

However, this was only one particular feature of the refinement of 

educational thinking in mathematics, which developed in the early 

twentieth centuryl in parallel with the various reforms in the teaching 

of this subject. 

Studies in Mathematical Education 

General advances in the study of education, and the growing 

pedagogical awareness of teachers, were considered earlier in this 

chapter (see pp. 249-252). The development and increasing specialization 

of educational organizations and periodicals provides evidence of 

marked progress, and the specialist contribution to mathematical 

education in the early twentieth century from the BE, the BAAS, the MA 

and its Branches, the ICTM, and the South-Eastern Association, as well 

as the involvement of other educational organizations, was a major 

focus for Chapters 2-4. Such organizations made an important contribution 

to the development of the literature in mathematical education part- 

icularly during the period of reform. 

The English pattern of including chapters an the teaching of the 

branches of elementary mathematics in general methods books, for 

teachers in elementary and secondary schools, was well established by 

the end of the nineteenth century. 
21 However, German and American 

21 Sep-, for example, Garlick [18981, Spencer [18971 and Barnett 
[1897,18991, and, subsequently, Welton [19061 and Adamson [19071. 
For elementary schools, teacher's guides, to accompany the pupils, 
arithmetic books, were common in the early twentieth century 
[Spencer, 1912, p. 461. 
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writers produced separate books on mathematical education before this 

development occurred in England. Young [1907, p. 41 referred to Germany 

as 'the home of pedagogy, ' and to Klein's leadership in the field of 

mathematical education in particular. The NCTM [1970b, p. 3071 have 

acknowledged that 'prior to 1900 most influential ideas an mathematics 

teaching had been imported to America from abroad, ' and this influence 

was reflected in the general methods literature. Germany and America 

were also in advance of this country in mathematical teacher education 

(see P. 60). 

Mathematical methods books written in English filtered over to 

this country from America. Although the NCTM [1970b, p. 421 have 

traced the publication of such books in America to the mid-nineteenth 

century, they judged Smith's [19001 early contribution to be 'the first 

book to resemble a modern methods text. ' 22 Young's [19071 book 

followed, and, significantly, he held the post of Associate Professor 

of the Pedagogy of Mathematics, at Chicago University. The American 

books by Mclellan and Dewey, Smith, and Young, were listed in English 

methods books. 
23 

Branford's [19081 A Study of Mathematical Education was the first 

English publication of its kind, and it included much material from 

articles in the Journal of Education, published around 1900. As a 

University Press, the publishers OUP appear not to have been influenced 

by the limited commercial prospects of such a venture at this time. 24 

Carson's [1913c] Essays on Mathematical Education followed, this being 

largely a collection of previously published articles. The publishers, 

Longmans, launched an ambitious and unprecedented series of books on 

22 On Smith see pp. 5-G, 102-103. Mclellan and Dewey's 118951 The 
Psychology of Number was another notable early American contribution 
to mathematical pedagogy. 

23 See Welton [190G, pp. 482-4831 and Adamson [1907, p. 3491. 
24 OUP also published the exceptional textbooks an general mathematics 

by Mair [1907,19111, who acknowledged a debt to Branford. 
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mathematical education before the War. 

In the early twentieth century, Longmans were struggling to 

regain their earlier commercial strength in the publication of school 

mathematics textbooks. Thus, J. W. Allen of Longmans approached his 

friend Nunn, with whom a series of books was planned. Of course, Nunn's 

interests were principally pedagogical rather than commercial, and the 

publishers were accordingly: 

landed with books of great value in some cases to the teaching 

profession, but from Longman's point of view it was a wasted 
opportunity and a considerable loss. [Parker, 1978, p. 5]25 

Longmans were seeking a series of textbooks to compete with the highly 

successful output of Macmillan, Bell and CUP. However, the Modern 

Mathematical Series edited by Abbott, Jackson and Macaulay was largely 

a pioneering contribution to mathematical pedagogy, from a number of 

leaders in this field. (See Illustration 32. ) The series included 

Dobbs [19131 innovatory textbook on motion geometry, which 'failed 

abominably, ' a seminal methods book by Nunn [19141, with an accompanying 

set of exercises, though these sold 'only in trifling numbers, ' and 

Punnett's [19141 methods book which 'fared similarly' Ep. 21. The 

handbooks on arithmetic and geometry teaching, by Abbott and Carson 

respectively, do not appear to have been published. A later addition 

to this Series, Abbott's [19181 Numerical Triqonometry enjoyed 'moderate 

success, Ep. 21, and Boon's [19241 A Companion to Elementary School 

Mathematics, though initially 'a disappointing failure' [p. 91, was 

reprinted in 1960 with immediate. success. The American Miller [191r'l 

devoted a section to the pedagogy of mathematics in his general survey 

of the mathematical literature, though the books by Carson and Nunn 

were the only English entries. By this time, a number of books had 

also been published which, although written by mathematicians, were 

25 1 am grateful to Mary Ollis of Longman for providing me with 
valuable help and material concerning their school mathematical 
publishing history. 
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aimed at teachers of mathematics. 

Klein's [19081 book, originally only in German, provides an early 

example of the twentieth-century trend, where mathematicians contributed 

their own perspectives on elementary mathematics. A similar such book 

was produced by Whitehead [1911b] in this country, and a set of 

Monoqraphs on Topics of Modern Mathematics Relevant to the Elementary 

Field was edited by the American Young [19111. Similar contributions 

were provided by Laisant [19131, in the Thresholds of Science Series, 

and Jourdain [19121 in the series of People's Books. 

Thus, the literature in mathematical education had developed 

considerably by the First World War, and Milne [19181 drew attention 

to the need for school mathematical libraries, particularly for the 

teachers' use, as he claimed that in mathematics: 

There is nothing more extraordinary in the educational world at 
the present day than the change in attitude among teachers 
towards the subject.... Ep. 2091 

The MA [1926g] subsequently produced its first List of Books Suitable 

for School Libraries, which included American and Continental works, 

and many entries under the various branches of the subject, as well as 

history and pedagogy. 

By coincidence, three additions to the English literature in 

mathematical education appeared in 1931, the 1920S having been a quiet 

period in this respect. Durell [19311 focused on algebra teaching, 

and the influence of Nunn [19141 is clear. Godfrey and Siddons [19311 

and Westaway [19311 considered the whole of elementary mathematics. 

The more penetrating parts of Godfrey and Siddons' book were written 

by Godfrey, about twenty years earlier, and some ten years separated 

the idea of such a book from its eventual publication CSiddons, 1952b, 

pp. 12-131. Westaway [1931, p. xiv], a former HMI, acknowledged the 

importance of Nunn's thinking in the teaching of algebra, trigonometry 

and calculusp and he claimed that 'The methods he advocates are methods 
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which have been amply tested and found to be sound and practical., 

In a later List of Books, produced by the MA [19361, Westawayls book 

was described as 'The only modern attempt to survey the whole field 

of teaching of elementary mathematics' Ep. 211. 

Apart from the three books just mentioned, the best known English 

books on mathematics-teaching, between the Wars, were first pUblished 

before the War EMA, 1932b, p. 3351. A Bibliography by Black [1938, p. 31, 

devoted wholly to mathematical education, referred to the 'enormous 

and increasing literature of books on the teaching of mathematics., 

However, many of the entries were foreign ones, and it does appear 

that much of the best work in this field was produced during the period 

of great innovatory activity up to 1914. The character of the thinking 

in mathematical education, which developed in the early twentieth 

century, has still to be considered. 

The Perry movement's pedagogical principles, the historical 

background to these newer ideals, and the dominant nineteenth-century 

view of mathematical education have already been considered in this 

and the previous chapter. The importance of Herbart's thought for the 

rejection of the older disciplinary arguments was pointed out earlier 

(see pp. 256-257). However, more positively, Herbert also provided an 

alternative theoretical model for educationists, with particular 

relevance to mathematics. 

Detailed discussions of Herbart's thought and its development 

have been provided by Knox E19751 and by Selleck [1968, pp. 227-2721, 

who has also discussed Herbartianism as one feature of the 'new 

education' in England. Herbart's influence can be traced to the 1880s 

in America, before it was felt in this country [pp. 242-2441. The 

NCTM [1970b, pp. 110,115,305-3061 have drawn attention to the visits 

of young Americans to Germany, who brought back various new ideas, which 

influenced teacher training courses. inparticular, and disseminated such 
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features as the 'doctrine of interest, ' the organization of knowledge 

around 'fundamental meanings, ' and, more basically, the use of Istepsi 

in lesson planning. The German's influence in this country came to 

be felt during the last decade of the nineteenth century. 

Findlay studied education in Germany, in the early 1890s, and 

became one of the earliest English Herbartians [Selleck, 1968, p. 2081, 

who sought, in particular, to enrich training courses in education 

with the wider and deeper German perspectives [Findlay, 1898, pp. 344- 

3461. An early article on 'Herbartfs View of the Place of Mathematics 

in Education' [Greenstreet, 18941 was atypical for the Mathematical 

Gazette, but, more generally, Adams' [18971 book did much to popularize 

Herbartlsview-9 (see-, pp. 256-257), and it became 'the vade-mecum of the 

Herbartians, l according to Selleck [1968, p. 2431. 

Herbert rejected the hypothetical construct of innate mental 

faculties, and, instead, saw the mind as initially a void, into which 

ideas enter and compete for dominance, following an elaborate set of 

laws. 'Apperception' was the key process of bringing ideas to 

consciousness, with compatible ideas combining to form 'apperception, 

massEis. 0 Herbart regarded it as a natural mental tendency for ideas 

to seek compatible ideas, and thereby rise to prominence, and for opposed 

ideas to retreat below the threshold of consciousness. New ideas could 

only be assimilated to already established ideas, and,,. overall, 'The 

better organized the apperception masses were, the more closely they 

were related to each other, then the more easily and effectively a 

person would think, EP. 2311. Thus, a key educational objective was to 

cultivate in the individual's mind a large and closely connected 

'circle of thought, ' or totality of apperception masses. 
26 

Although character formation and Moral development were the 

26 As Knox [1975, p. 2741 has pointed out, there are some obvious 
links between Herbartian and Piagetian thought concerning the 
nature of intellectual functioning. 
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principal purposes of education for Herbart, he sought to achieve such 

ends through the development of the circle of thought, closely linked 

with the development of interest on many sides. Herbart's view of 

motivation enters his theory here. He did not regard interest as an 

extrinsic motivator to 'sugar the pill, ' but rather as an intrinsic 

part of learning itself. Interest he saw as an end, and not a means 

in instruction, with its balanced and systematic development on many 

sides facilitating the growth of the circle of thought. This was the 

'doctrine of interest, ' which Adams championed in England, though it 

was often misinterpreted by advocates and critics alike. As Nunn 

[1911a, pp. 171-1721 remarked: 

To say that in teaching we must consider the natural springs of 
intellectual activity is to enunciate the modern 'doctrine Of 
interest. ' This doctrine is often worst served by those who 
proclaim themselves its chief friends. It is consequently 
either feared or despised by many sound teachers.... They 
think that the presence of interest implies pro tanto the 
absence of hard work and 'discipline. ' In reality the presence 
of interest, properly understood, is the essential condition 
that hard work shall be profitable and 'discipline' actual.... 
The critics of the doctrine constantly confound interest with 

_pleasure. 
Nevertheless, in spite of misinterpretations, the consideration of 

interests became an important slogan of the $new education' movementy 

which opposed the older drilling and cramming methods [Sell2ck, 1968, 

pp. 252-2543. The many-sided development of interest and ideas as an 

aim implied the need for a broad and rich curriculum overall, but it 

was the much smaller scale planning of lessons which came to be 

influenced by another aspect of Herbartianism. 

Through his interpreters, five 'steps' in an instructional 

sequence became distinguished, these being referred to as 'preparation, ' 

'presentation, ' 'association, ' 'condensation' and 'application, in a 

translation of Rein's interpretation [Smith, 1900, PP. 111-1121. There 

was a tendency to regard the 'steps' very rigidly, to misapply them, 

and they were an obvious new ingredient for training college courses 
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in teaching method [Gordon and Lawton, 1978, pp. G5,146-1481.27 As 

with other theories of education, particular features'with direct 

classroom relevance rose to prominence, and, in practice, teaching 

methods were consequently forced into a straitjacket. As Knox [1975, 

p. 2731 has pointed out, Herbart's ideas became 'magnified and distorted 

out of all proportion through his interpreters. ' However, Herbartianism, 

variously interpreted and applied, rapidly rose to prominence in England 

and, as Selleck [196B, p. 2641 has suggested, it 'spoke directly to 

teachers - more directly, perhaps, than any of the other movements. ' 

In addition to its influence an the educationists Findlay and Nunn, 

aspects of Herbartianism were also absorbed by Godfrey [1912d, pp. 294- 

2951, who, in a discussion of purposes in mathematical education, 

contrasted the older view of formal training with the newer Herbartian 

perspective, and he referred to the former view thus: 

Xt appgared to be indifferent to the intrinsic worth of the 
sdbject-matter of instruction, and therefore failed to enlist 
the interest and active co-operation of the not specially 
gifted pupil. Ep. 2941 

He went on: 

The theory is essentially Psychological, but seems now-a-days to 
be forsaken by professional psychologists; at any rate, it can 
no longer be regarded as the fundamental motive in education. 
Ep. 2951 

He turned to the Herbartian alternative to the aim of formal training, 

which he felt had 'to be supplemented, and in part replaced, by the 

motive of enriching the mind with an assimilated mass of fruitful 

ideasp based upon and related to the circumstances of life' Ep. 2951 

(see p. 257). Godfrey also adopted the notions of apperception, 

association and correlation, as well as supported the doctrine of 

interest [Godfrey and Siddons, 1931, pp. 13-151. More generally, 

Herbartianism in mathematics helped to shift the emphasis in curricular 

thinking to a search for fundamental ideas and modes of thought, to 

27 Far examples of the application of the 'Herbartian Method' to 
mathematics see Smith 11900, pp. 111-1121 and Fennell [1902, pp. 194- 
2331. 
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help clarify purposes and facilitate learning. This important feature 

of the thinking of Godfrey, Nunn and others will be exploredýlater in 

this and in the next chapter. 

one aspect of Herbartianism, developed by Ziller (see p. 259), 

but barely traceable in Herbart's own writings, focused an the 

historical development of knowledge and possible parallels with 

individual development [Selleck, 19G8, p. 2391. Given its controversial 

character and distance from the classroom, unlike the 'steps, ' this 

aspect was not enthusiastically pursued by English Herbartians Epp. 250- 

2511. However, particular links between the history of mathematics 

and mathematical education did come to be explored, and deserve to be 

considered more closely. 

History of mathematics in relation to education has been 

considered in a master's thesis by Rogers [19761, and by Green [1974, 

1976,19771. A detailed discussion will not be undertaken here, 

though two aspects to this relationship may profitably be distinguished. 

In axestricted way, history can be used to enrich the teaching of 

mathematics by providing supplementary classroom material. More widely 

and deeply, history can throw light on the nature of mathematics and 

its development, providing possible insights concerning both 

educational priorities and the psychology of learning mathematics. 

Some limited efforts to utilize history in teaching mathematics, 

during the nineteenth century, have been detected by Green [19761. 

Heppel [18931 addressed the AIGT on this subject, and Wormall [1897, 

pp. 83-841 was clearly aware of the narrower and wider possibilities. 

This subject was also chosen by Barwell [19131 and Katz 119131 for 

papers presented to the MA before the First, WDrld-War, but there is 

little evidence to suggest that there was any general enthusiasm for 

the use of history in the classroom. 

With a few isolated exceptions, school mathematical textbooks 
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ignored the historical dimension: 
, 

[Green, 1976, p. 151.28 The MA Ia 

publications also reveal very peripheral interest in this subject 

[p. 161. Their general Report EMA, 1919a, pp. 17,281 did pay lip-service 

to the value of history, predominantly for classroom enrichment, though 

admitted 'The Historical aspect of Mathematics has never yet found its 

fitting place in the teaching of the schools I Ep. 171 . 
29 Two theses in 

the 1920s were devoted wholly to the history of mathematics in teach- 

ing [Ross, 1923; Ruscoe, 19251, with the 'doctrine of recapitulation, ' 

shortly to be discussed, the chosen focus for Ross. The more theoretical 

aspects of the relationship appear to have fared better than the 

direct classroom applications in the early twentieth century. 

Katz E1913, p. 1311 reflected on the low status of history in 

mathematics teaching: 

perhaps it is. because mathematical history has been regarded 
as a pleasant storehouse of anecdote or antiquarian lore ... 
perhaps it is this rather pretty view of mathematical history 
that has prevented the subject from coming into its own and 
exerting the influence that is its due. 

A major problem was the paucity of relevant English literature, as 

Katz pointed out, as did Branford [1908, pp. ix-xl, very forcefully: 

It is a matter for regret that no adequate work on the history of 
mathematics is available in the English tongue: the contributions 
in this sphere of Peacock, Whewell, De Morgan, Gow, Allman, 
Chrystal, Bell, Cajori, and others, valuable as they are, have, 
I believe, exerted comparatively little influence on the mass of 
teachers of mathematics. The great treatises are in foreign 
tongues, inaccessible to the majority of teachers. 

However, Americans such as Cajori [1890,19171, Smith [19001 

and Young 119071, the German Klein E19081, and, particularly, Branford 

[191381 in this country did draw on the wider historical literature for 

28- Notable exceptions were Carson and Smith's 11914a, 1914b] algebra 
and geometry textbooks. They were an exceptionally talented pair 
of writers, though not very successful in the textbook market. 
Smith 119191 also produced an illustrated children's book on the 
history of number. 

29 For the extent of the Gazette's coverage of historical material 
see p. 141. Smith and Goldziher's 11912, pp. 80-811 Bibliography, 
1900-1912, included only seven entries, none being English, on 
'The value of the history of mathematics in teaching. ' 
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their own contributions to the pedagogy of mathematics. The possible 

psychological insights from history were pursued to a greater or lesser 

degree by various writers in the early twentieth century. 

In 1896, Cajori E1917, p. v1 began the preface to his shorter 

history of mathematics by quoting the doctrine that 'The education of 

the child must accord both in mode and arrangement with the education 

of mankind as considered historically. ' Herbert Spencer adopted this 

principle, and attributed it to A. Comte, though, as Branford [1908, 

pp. 244,3261 pointed out, traces of it could be found in the writings 

of Plato, Pestalazzi, Goethe, Froebel, Herbart and Condillac, and, more 

recently, Mary Boole and the physicist Ernst Mach. It was referred 

to-as the 'recapitulation' or 'Culture epochs' theory, and it has been 

linked with the 'fundamental biogenatic law' of the zoologist Ernst 

Haeckel, which asserts that lontogeny recapitulates phylogeny' [Green, 

1977, p. 931. 

Cajori [19171 does not appear to have taken the doctrine very 

seriously, though he certainly argued for the attention to history in 

pedagogy. However, Wormell 11897, pp. 83-84i accepted it in fairly general 

terms: 

The development of the general intellect through the historic 
centuries resembles that of the individual mind. The readiest 
and simplest observation and the conclusions from observation 
are the first arrived at, and these are used to find others more 
subtle and more remote. The order of subjects as they are 
chronologically arranged in the history of research would there- 
fore be an approximate guide as to the order in which these 
science subjects should be presented to the student. 

There are only slight traces of the doctrine in Smith 119001, though 

he incorporated much historical material in his early methods book. 

one example from Comte, concerning Galileo's experimental determination 

of the ratio of the area of a cycloid to its generating circle (3 to 

by weighing, is quoted by Smith to justify a scientif. L Ic approach in the 

teaching of measurement, which 'merely follows the line of historic 



Iliglier Aritlimetic. Function Theou. Univer-ýal Algebi-a. 
Probability [1788]. 

Differential Calculus roid Theoretical Mechanics. 
Integral [1687] Calculus. 

Aijalytical [1637] Geometry. 

T 1'rigoiionietry. Decimals (Arithmetical Development). 
Logarithms. COLL] 

Svnibolia Alfebm. t) 

/COLL, 

PHYSICS. Rhetorical [1453] Algebi-n. 
HUROPF. Practic-al Trigonometry. 

Syncopated and Symbolic Algebra. 0 Arithmetic (Zero and place value). 

(450 A. D. ] 
Rhetorical Al-ebra. 

0 Practical Trigonometry (Hippirchm) 
(reckoneda branch of Astronomy 

and Surveyin., by Lite Greeks). L 
Deductive Arithmetic (by Geometry 

-enentlised). 0 Deductive Mechauics (Arehimedles). 
11 S) 
.y Dedwictive Geometry (Theory). 

A-ST11,02NOMY AND D. C. ] SCHOOL. 
'NIECIIAN I ICS. Rudiments of Rhetorical Algebra. 
GREI-M, IIINDU. Experimental Geometry 

(inductive and UI)PL-O. -dinaie- 
empiriadand intuitiunal 

evidence), e. g. 

(-]-. 'ODESY. Arithmetic (more Economic 
ARCII. T. AN 

(EGYIY. rIAN, 

Symboli). 
CHILDHOOD. Adilicive Principle and Aigus 

BABYLOINUAN, for collective uuit3, 
C. Y. Egyptian notation. 

(WOU JI. C. ] 
Pr-actical Geometry. 

S, J), amte units 
repmented by rel 

Symbols. S 
Descriptive Des 
Geometry. ( Ge 

PRIMITIVE IUAN. Co nting INFANCY. 'ou , 

\ 

ITINIARY AND 
(GeSture 

A* 
C. 

DEPIV*t 
or Lau- VI-t 
(G 
Or TIVE OCCUPATIONS 
0 
1; 01.., ) Fus. 1. 

Illustration 33 Branford's Macroscopic Use of the 
Doctrine of Recapitulation [Berwell, 1913, p. 731 



278 

development, the line in which truth is first acquired by induction' 

Ep. 2441. 

Branford [19081 took the doctrine very seriously, though he 

admitted that its validity had been 'vigorously attacked' Ep. 2441. 

He argued for its value on the basis of his knowledge of history, and 

the results of experiments in teaching along the lines of the principle. 

He applied the doctrine both macroscopically, to the development of the 

various branches of mathematics, and microscopically, to the development 

of specific topics, such as place value Epp. 364-3651. (See Illustration 

33. ) Branford also used history to justify heuristic methods (see p. 197), 

and the principle that: 

No symbol or contraction should be introduced till the pupil 
himself so deeply feels the need for such that he is either 
ready himself to suggest some contraction, or at least 
appreciates reasonably fully the advantage of it when it is 
supplied by the teacher. Epp. 257-2581 

The relevance of this principle to the development of algebraic 

symbolism was strongly argued Epp. 258-2611. Branford also sketched a 

theory of motivation, based an a three-fold classification of historical 

impulses, paralleling postulated needs in the individual. 

Branford's model distinguished the 'practical, ' the 'scientific' 

and the 'aesthetic' impulses in history and the individual. The first 

stimulus arises from the need to resolve a practical problem; the 

second from the human need to organize and systematize knowledge, in 

order to improve the power of control over the environment; and the 

third from the human desire to create, and, to this end, pursue some 

activity for its intrinsic worth. Branford judged the first and 

second needs to be generally more dominant in learning than the third. 

iiis theory of motivation followed closely the earlier Published theory 

of Nunn. 

Nunn [1911a, p. 1681. recollected that he had first applied a 

classification of motives to science teaching in a paper of 1906 
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[Waring, 1979, pp. 39-401. In the following year he spoke on 

'epistemological levels' to the Aristotelian Society, and again 

referred to his theory of motives, which, he claimed Was based an 

observation, though partly inspired by the Hegelian triad of 'Thing, 

Law, System. ' He subsequently applied these ideas to mathematics 

[Nunn, 1911a, 1912b], and used history to justify his view of mathematics 

as a creative process: 

The point of immediate importance here is that mathematics is 
conceived not as a static body of 'truths' but in the dynamic 
form of an activity. In history mathematics has obviously been 
an activity .... To teach mathematics should be to reproduce in 
the school ... the essential features of this historic activity. 
[Nunn, 1911a, P-1681 

To develop his dynamic view, Nunn distinguished three types of 

historical mativer termed the 'utility, ' Isystematising' and 'simple 

wonder' motives. 
30 These three motives correspond in the same order 

to the three stimuli of Branford, though the Isystematising' motive is 

less outward-looking then the 'scientific' impulse. Euclid's geometry 

and the Principia of Whitehead and Russell exemplify the Isystematising! 

motive in relatively pure forms. 31 Nunn made 

concerning the relative strength of the three 

Whilst he recognized the appeal of 'pure won 

pattern in number, Nunn [1911p, p. 1701 judged 

dominant motive, up to the age of sixteen: 

some assumptions 

motives in school pupils. 

der' in such topics as 

'utility' to be the 

during the greater part of his school life [a buy] is prone to 
value a scientific or mathematical truth less for its 'beauty, ' 
and less for the part it plays in a deductive system, than for 
its usefulness in application. 

The question of usefulness for whom is not pursued by Nunn, nor is 

the relevance of the motive in the case of girls considered. However, 

Nunn Ep. 1701 judged the Isystematising' motive to play an 'inconspicuous 

part before the age of 16, and in many boys has never really an 

30 Nunn's model has been discussed by Price [1976c]. 
31 Mair [19141 was inspired by Branford and Nunn, and outlined the 

latter's motivational model in the School World. 
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independent existence at all. ' He felt that an overemphasis on this 

motive had caused many of the problems in school mathematical education. 

Like Branford, Nunn also used history to justify heuristic methods of 

the closely guided variety (see pp. 197-198). 

There are links between the thinking of Branford and Nunn, and 

Whitehead's 11932, pp. 24-651 later 'rhythm of education, ' with its 

three stages of 'romance, ' 'precision' and Igeneralisation. 1 A Report 

of the BE'S [1938, pp. 162-lG3] Consultative Committee subsequently 

combined Nunn's macro model of motives and cyclic model of learning 

(see pp. 197-198) with Whitehead's 'rhythm, ' in the following rich 

passage: 

the interest of children in a subject tends to exhibit a 
rhythm corresponding to the rhythm of its history. There is a 
phase in which the subject makes its first appeal to the sense 
of wonder or romance. This is followed by B More sober phase 
in which interest fastens upon the practical utility of the 
new knowledge and is disciplined to precision in its application. 
Lastly comes the phase in which constructive logic takes the 
central place - the phase of generalisation or system. Now on 
the large scale, now an the small scale, this rhythm seems to 
govern the natural movements of young minds. 

The question of utility has emerged as a major one in the 

discussion of motivation thus far. It was, of course, mathematics for 

utility, particularly in engineering and science, as opposed to mathe- 

matics for culture or mental discipline, which emerged as a major new 

slogan within the Perry movement, from around 1900. The way in which 

various writers developed and sought to reconcile different views 

concerning purposes and priorities in mathematical education warrants 

some further discussion. 

Wormell's [1897, p. 781 discussion of aims referred to 'the 

strengthening and training of the reasoning powers' as the ground 

, most universally acknowledged in all ages' (see pp. 254-256). To 

this he added that mathematics provided a training for various mental 

habits and was the 'handmaid of all sciences. ' Predictably, the views 
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of the pure mathematician and the user of mathematics could be very 

different. Writing in 1902, the pure mathematician and philosopher 

Russell [1963, p. 581 passed lightly over the instrumental value of 

mathematics, and claimed 'Utility ... can be only a consolation in 

moments of discouragement, not a guide in directing our studies. ' 

Rather, he justified mathematics principally for its uniqueness 

within cultural into which pupils should be initiated: 

Mathematicsy rightly viewed# possesses not only truth, but 

supreme beauty -a beauty cold and austere, like that of 
sculpturev without appeal to any part of our weaker nature, 
without the gorgeous trappings of painting or music, yet 
sublimely purej and capable of a stern perfection such as only 
the greatest art can show. EP. 491 

perry's [1901a, p. 41 view that 'the study [of mathematics] began 

because it was useful, it continues because it is useful, and it is 

valuable to the world because of the usefulness of its results' was a 

sharply contrasting one at this time, with very different educational 

implications. 

The philosopher and mathematician Whitehead E1911a, 1913a, 1913b, 

1916,19171 delivered a number of addresses in which he considered 

fundamental principles in mathematical education. He argued [1913a, 

p. 4531 that 'the abject of a mathematical education is to acquire 

powers of analysis, of generalisation, and of reasoning, ' which was a 

disciplinary view, though for Whitehead this also required getting to 

grips with certain fundamental mathematical ideas. Whitehead 

advocated a dynamic and unified view of mathematics, in the Herbartian 

spirit, and strongly opposed the elaboration of narrow technical 

details. His thinking was worked out in his splendid little Introduction 

to Mathematics, where the ideas of variable, form and generality, 'a 

sort of mathematical trinity which preside over the whole subject' 

[1911b, p. 821, were exploredres well as other important ideas such as 

series, functionality and periodicity. Whitehead also stressed the 
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importance of the applications of mathematical ideas to nature and 

society, which implied the need for a broad mathematical curriculurp, 

including aspects of similarity, trigonometry, calculus and statistics 

in a liberal education [1911a]. 

Carson also produced a number of stimulating papers an various 

general questions in mathematical education, in the period 1912-1914.32 

Carson [1913b, p. 31 sought to justify a place for mathematics on 

distinctive grounds, and not based on utility, nor on the older 

disciplinary view. Thus he was placed in the following position: 

In ... resigning the traditional claims of mathematics to 
developl as no other subject Can develop, the faculties of 
reasoning and expression, we have cut the ground from under 
our feet and are left, unless we can find another and firmer 
foundation, at the mercy of the teachers of natural science. 
Ep. 31 

He resolved this problem by sharing Whitehead's dynamic view of the 

subject as a set of characteristic fundamental ideas and modes of 

thought, revealing 'the glary of mathematics, as of man' as 'a glory 

of the mind, and not of the senses' EP-101, in which pupils should 

have a right to share. However, there still remained the problem of 

transfer in his argument that: 

the purpose of mathematical education is to put the pupil in 
a 'mathematical way; ' to permeate his whole being with the 
elementary principles of the science so that he will apply 
them spontaneously in considering any matter to which they may 
be relevant. C 1913c, p. 411 

Clearly, Carson was reacting to the recent emphasis on utility, which 

had shifted attention away from the value of mathematics per se. He 

cautioned: 

Mathematics is coming more and more to be regarded as a mere 
adjunct to practical work and natural science, and this is 
largely the consequence of the changes and reforms of the last 
ten years. Is not the modern phrase, 'Science and mathematics, ' 
which has replaced the older 'Mathematics and natural sciencell 
a writing on the wall which all of us may read? 11913b, p. 31 

32 A number of Carson's papers were produced for the South-Eastern 
Association (see pp. 135-137), and some were included in his 
collection of Essays [1913c]. 
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Carson also provided some much needed conceptual analysis of certain 

recent arguments concerning the useful and the practical aspects of 

mathematics. 

Carson's thinking in a paper on 'The Useful and the Real' has 

been summarized by Price [1976b, p. 201. Carson interpreted 'real' to 

mean significant to the individual, and argued that this should not be 

confused with 'useful' in certain applications, which might be far 

removed from the pupilt' personal realities. He also argued that 

what was 'real' need not be related to 'concrete' experience, but could 

arise from imagined situations. Certainly, Carson's arguments here 

would have undermined some of Perry's earlier thinking. 

In another paper, Carson [1913d] explored the concept of 

'intuition' at length. He advocated the exploitation of intuition in 

place of proof of the intuitively obvious in geometry, and also opposed 

the misapplication of experimental methods where intuition would better 

serve. For example, in the case of the equality of vertically opposite 

angles, or angles made by parallels and transversals, he argued: 

these facts should not depend, even for their elucidation, on 
numerical experiments made in class-roomsorlaboratories ... 
it is this universal acceptance Of Postulates without conscious 
experiments [intuitions] which differentiates Geometry from 
Physics or Chemistry-' E1912e, p. 2591 

A colleague at Tonbridge also referred derogatively to 'practical ... 

proofs' like that for the angle sum- of a triangle 'from the fact that 

the mean of half a dozen measures of actual triangles with the 

protractor amounts to, say, 179 0 [Newbold, 1912, p. 3831. Carson 

regarded such practices as 'an attack upon intuition. It replaces this 

natural and inevitable process by hasty generalisation from experiments- 

of the crudest type' [Carson, 1913c, p. 271. Carson was not Opposed to 

practical work, but his thinking was critical and constructive. 

Around 1911, Godfrey also considered the question of aims in 

mathematical education [Godfrey and Siddons, 1931, p. 41. Godfrey was 
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particularly sensitive to the weakness of any kind of disciplinary 

argument, particularly in relation to the question of transfer (see 

p. 258). He thus worked out a different kind of argument, based on 

the value of mathematics as a tool in scientific and technological 

advances, which he referred to as the 'outlook' value of the subject. 

The strength of his argument was not based on the fact that some pupils 

would subsequently need mathematics, beyond everyday uses, but that all 

pupils should appreciate something of the relevance of mathematics in 

its applications. He worked through the curricular implications in 

some detail, producing a broad and dynamic vision along the lines of 

Whitehead Epp. 34-53; Godfrey, 1912a]. With this perspective, the place 

of geometry was problematic for Godfrey [1912a, p. 1691, it being 'a 

venerable monument of antiquity - on which I will lay no sacrilegious 

hands. ' He confessed: 

Formal and demonstrative geometry is not going to help us very 
much on the side of outlook; it must be taught as mental training, 
for we can hardly break with the training theory entirely, though 
our hold on it may be weakening. Ep. 1691 

It was Nunn who perhaps best managedto accommodate both the 

inward-looking view of mathematics, exemplified by Carson, and the 

outward-looking view, exemplified by Godfrey, to produce a workable new 

philosophy for mathematical education. 
33 

Nunn passed lightly over the 

narrow argument 'of utility for everyday life and the wider utility 

argument, which only applied to some pupils, when not interpreted in 

Godfrey's sense of 'outlook. ' He felt 'The universal opinion that 

every one ought to learn mathematics must have some better justification 

than this' [Nunn, 1911a, p. 1681. History provided the following insights 

for Nunn 11914, pp. 16-171: 

Mathematical truths always have two sides or aspects. With the 
one they face and have contact with the world of outer realities 
lying in time and space. With the other they face and have 
relations with one another.... The history of mathematics is a 
tale of ever-widening development an both these sides ... these 

33 For a discussion of Nunn's perspective see Price E1976c]. 
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different currents of progress must not be thought of as 
independent streams. One never has existed and probably never 
will exist apart from the other. The view that they represent 
wholly distinct forms of intellectual activity is partial, 
unhistoricaly and unphilosophical. 

Initiation of pupils into this distinctive form of human achievement, 

as an intrinsically desirable possession, was the primary aim: 

to enable the pupil to realize, at least in an elementary way, 
this two-fold significance ofýmathematical progress. A person, 
to be really 'educated, ' should have been taught the importance 
of mathematics as an ifistrument of material conquests and of 
social organization, and should be able to appreciate the value 
and significance of an ordered system of mathematical ideas. 
[P. 171 

Further weight to the argument was provided thus: 

The student who is thoroughly schooled in the subject will make 
this spirit his own; the ideas, the mental habits and the kind 
of intellectual integrity proper to it will become ingrained in 
his nature, and he will tend to bring them into play wherever 
they can be applied. [1920, p. 2621 

However, although the argument was both stylish and persuasive, the 

question of transfer was still not completely avoided. 

Nunn's ideals were splendidly worked out in his book [19141, 

which ranged widely to include material an algebra, trigonometry, 

calculus and statistics, and shared the ambitious curricular visions 

of Whitehead and Godfrey. The discussion thus far largely confirms 

the following conclusion of Retter [1936, pp. 88-891: 

Within the seven years 1907-1914, Branford, Nunn, Godfrey, Carson 
and Whitehead had disentangled the main principles henceforth to 
guide mathematical education both in regard to procedure and to 
content. 

However, it was certainly not a case of the schools simply following 

such grand theoretical prescriptions. As always, the developments were 

slow and complex, with ideals unrealized or only partially achieved. 
34 

In addition to the general theory building of the early twentieth 

century, this period also saw the beginnings of scientific inquiry 

into certain narrower aspects of mathematical education, and some remarks 

remain to be made concerning the character of such developments* 

34 The reality will be pursued in the remaining chapters. 
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One feature of the late nineteenth-century development of the 

study of education was the emergence of the possibility of tackling 

some educational questions scientifically, by borrowing some of the 

methods of the burgeoning sciences. The creation of Section L of the 

BAAS in 1901 was one symbol of this new developmen% and the emergence 

of a distinguishable group of I scientific educationists I within the 

'new education' has again been ably discussed by Selleck E1968, pp. 273- 

2981. The methods of science came to be utilized in the study of 

general areas such as child development, memory, intelligence, 

examinations and transfer of training, as well as questions arising 

within specific subjects in the curriculum, including mathematics. 
35 

The beginnings of work an these lines within mathematical education is 

another notable new feature of early twentieth-century developments. 

Some of the earliest reported experimental work focused on aspects 

of arithmetic. W. H. Winch, an inspector, boldly claimed that 'until 

definite experimental methods are adopted, there is little hope for a 

science of pedagogy. ' 36 He took up the challenge in arithmetic, and 

the second volume of the Journal of Experimental Pedagogy, published the 

first of a series of articles by Winch [1913,1914a, 1914b, 19151 on 

the question 'Should Young Children Be Taught Arithmetical Proportion?, 

The growing interest in arithmetical attainment, by the First World War 

(see pp. 25-27) is also reflected in the same journal's publication of 

articles by Ballard [1914,19151 on 'Norms of Performance in the 

Fundamental Processes of Arithmetic. t involving over eighteen thousand 

pupiis, and, in particular, the method of subtraction by 'equal additions, 

was shown to be more efficient than the method of 'decomposition. ' Winch 

followed up Ballard's work with a smaller scale in depth study, and his 

35 Selleck [19681 has discussed child development, intelligence and 
transfer in particular, as three of the areas where the 'scientific 
educationist' made 'his most notable achievements' [p. 2731. 

36 Quoted in Selleck 11968, p. 2761. 
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research here, and in the case of proportion, was reported by Punnett 

[19221 in the Mathematical Gazette after the War. This article was the 

first of its kind in the Gazette, and the Editor suggested that this 

was likely to be the first of many, though this journal's coverage of 

such material continued to be very slight. However, in the following 

year, an article was published on 'Mathematical Ability -A Plea for 

Research' [Hamilton, 19231. Here the variable of sex difference was 

one which attracted some attention before the War. 

A Report of the LCC E1911, pp. 26-271 considered the question of 

the 'relative capacity' of boys and girls in mathematics, after gather- 

ing plenty of data, including the results of a controlled experiment 

in arithmetic, involving five schools. This Report concluded that 

there were wider extremes of performance among boys; greater problem 

solving ability among boys; and 'greater neatness, accuracy, --and 

conscientiousness' 
Ep. 271 in mechanical work among girls. The Report 

felt 'the subject merits further investigation and experiment' Ep. 271. 

Some contributory causal factors and the general question of differ- 

entiation were considered in Chapter 4 (see pp. 152-159). In the 1920s, 

sex differences in mathematical ability was the subject of an article 

in the Gazette [Sandon, 19261, and an early master's thesis [Cameron, 

19231. The growing interest in experimentation is reflected in the 

chosen foci for theses and dissertations in mathematical education 

after the War. 

The following table shows the extent to which aspects of mathe- 

matical education came to be explored scientifically, in theses and 

dissertations between the Wars [Frobisher and Joy, 1978, pp. 1-51: 37 

37 Frobisher and Joy [19781 have missed Fulford [19231, who treated 
geometry historically and experimentally, and so has been counted 
as a half scientifically. A scientific approach has otherwise 
been inferred from the titles. 
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Years 1919-1923 1924-1928 1929-1933 1934-1938 

Total 5 9 12 27 

Scientific 
Approac 

3ý 4 8 
t 

22 

Percentage 
scientific 

70 
I- 

44 67 
I 

81 

Theses. and Dissertations on Mathematical Education 

The gradually increasing total output up to the Second World War is 

predictable, but, more interesting is the shifting proportion of 

scientific studies. In the 1920s, a number of these reflected the 

interest in various aspects of mathematical achievement including sex 

ciifferences; psychological tests of mathematical ability; the relation 

between performance in writing and arithmetic; and backwardness in 

arithmetic. 
38 

Thus, the new research orientation in mathematical education was 

only adopted on a very small scale over the first quarter of this 

centurY, but-a significant start had been made. The extent to which 

the previously discussed wider priorities and visions in mathematical 

education became adopted in practice is the principal focus for the 

next chapter. 

38 Collar's very early thesis of 1919 on arithmetical ability, 
statistical aspects of which were published in the British Journal 
i-if Psvchol! 2Lgj1 has been discussed by Wingrove E 1976, pp. 30-33J . 
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Chapter 7 

Unification and Broadening 

Two related curricular tendencies, the broadening of the mathe- 

matical content of curricula, and the unification or fusion of related 

components were isolated as underlying objectives within the Perry 

movement (see pp. 219,225). The latter tendency facilitated the former, 

and is also related to the general pedagogical principle of co-ordination, 

which was discussed in the last chapter (see pp. 25B-267). The develop- 

ing interest in unification, and the associated emphasis an general 

principles and ideas in mathematical education will be considered first. 

The Unifvinq_Tendency 

The concern for fundamental ideas, connections, and concentration 

in the curriculum was one feature of Herbartianism, elements of which 

are traceable particularly in the writings of Whitehead, Godfrey and 

Nunn who put forward broad and ambitious blueprints for mathematical 

education, before the First World War (see pp. 274-275,281-285). The 

newer thinking contrasted sharply with the nineteenth-century convention 

that the various branches of mathematics should be strictly segregated. 

Prophetically, Sylvester [1870, p. 71 had remarked to the BAAS: 

Time was when all the parts of mathematics were dissevered, when 
algebra, geometry and arithmetic either lived apart or kept up 
cold relations of acquaintance confined to occasional calls upon 
one another; but that is now at an end ... and we may confidently 
look forward to a time when they shall form but one body with 
one soul. 

Howevery the pattern in the schools during the 1880s was far removed 

from such ideals, as Palmer [1912, p. 2271 pointed out: 

Arithmetic was treated as a separate compartment, distinct from 
Algebra and Geometry. Algebraical methods were not allowed in 
the solution of problems, and the possibility of using 
geometrical or graphical methods was hardly realised. 

Fiurthermorey Godfrey [1908, pp. 252-2531 drew attention to the 

following general pattern: 
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Never by any chance were numerical data or illustrations 
introduced into Geometry. It was very unusual to meet with 
any demand for numerical work in the papers on advanced 
mathematics set at the Universities. The result of this is 
that the knowledge of the mathematician trained under this 

system is almost entirely qualitative.... 

Joshua Fitch's Lectures an Teaching at Cambridge in 1880 also exemplify 

the segregated view of subject-matter, though the beginnings of enlighten- 

ment are detectable. For example, Fitch [1881, p. 3341 suggested the 

use of letters to generalize arithmetical properties, but cautioned 

'Do not suppose that this is algebra. No one of the notions or 

processes proper to algebra is here involved. ' He also drew attention 

to the potential links between Euclid II and certain algebraic identities, 

but again added: 

since Geometry is founded entirely an the recognition of the 
properties of space, and Algebra and Arithmetic on those of 
number, it is necessary to preserve a clear distinction in the 
reasoning applicable to the two subjects. Except as shewing 
interesting analogies, the two departments of science should 
be kept wholly separate.... Ep. 3411 

The independent historical roots of the various branches resulted 

in their initially rigid and disconnected treatment in education, which 

was governed principally by examination requirements and textbooks, 

which eschewed any intermingling of the branches EMA, 1919a, p. 91. 

Furthermore, the development of any one branch was systematic and 

thorough, with the needs of the small minority of future pure mathe- 

matical specialists dominant (see pp. 252-254). Simplification and 

cross-fertilization of the branches were not regarded as legitimate 

tactics. The dominant attitude to the branches also had a generally 

narrowing effect an mathematical curricula. In elementary schools, 

the possibility of opening up arithmetic to include new elements and 

to exploit links with algebra and geometry was not generally entertained. 

in secondary schools, such branches as trigonometry and calculus were 

beyond the reach of the majority, as the introduction of arithmetical, 

geometrical and graphical elements was spurned. However, towards the 



ALLIED TO ALGEBRA ALLIED TO GEOMETRY 

1 Counting and numbering 1 Cutting paper figures, forming, 
moulding, or building up different 
shapes 

2 Arithmetic 2 Kindergarten Geometry 

3 Arithmetical Algebra 3 The relations and measurements 
of simple figures 

Algebra 4 Euclidean Geometry 

5 Trigonometry 

6 Algebraical Geometry 6 Geometrical Conica 

7 Kinematics 7 Graphic Statics 

8 Dynamics including Statics 8 Kinetics and General Mechanics 

9 Mathematical Physics 

10 The theory of Equations 10 Solid Geometry 

11 The Infinitesimal Calculus 11 Projective Geometry 

Illustration 34 Wormell's [1897, p. 821 
View of the Branches of Mathematics 
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end of the century, the traditional inflexible view of these branches 

was beginning to be eroded. 

Hayward [18861 addressed the AIGT on the subject of correlation 

between the branches, and during the 1890s correlation emerged as a 

prominent general pedagogical principle. Wormell [1897, pp. 81-82] 

argued strongly for unification in mathematics, in his contribution to 

Barnett's [18971 Teachinq and Orqanisation, and Barnett himself also 

reflected these newer emphases (see p. 258). Wormell 11897, p. 821 

viewed the development of mathematics in two parallel streams, one 

algebraic and the other geometrical, and such that 'As they extend, 

each will grow into the other until there will exist really no 

essential difference between the two. ' (See Illustration 34. ) 

Significantly, Wormell placed trigonometry between the two streams, to 

indicate that this branch had close ties with both, and its pursuit 

could potentially make an important contribution to unification. More 

generallyl the growing interest in measurements and 'practical arithmetic' 

was an important feature of the tendency to break down the traditional 

barriers (see pp. 203-212). The mathematical demands of science and 

engineering cut across the established lines of demarcation within 

mathematical knowledge, and Perry's scheme of practical mathematics in 

particular represented an alternative conception, which ignored the 

older conventions, with much of the syllabus coming under the headings 

of mensuration and use of squared paper (see p. 100). Numerical work 

permeated Perry's scheme, and the exploitation of links between 

arithmetic and mathematics was an important early advance towards 

unification. 

Various early twentieth-century pronouncements focused on 

aspects of unification. The MA [1902b, p. 61 adopted as one guiding 

principle that 'whenever practicable, Geometry should be employed to 

illustrate Arithmetic and Algebra, ' and recommended that 'in pass 
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examinations in Arithmetic, the use of algebraic symbols should not be 

prohibitedt'Cp. 71. The BE! s C1905a, p. 441 Suggestions claimed that 

'The division of arithmetic and algebra into distinct subjects is 

much to be deprecated, ' and advocated the introduction of letters, 

negative numbers and simple equations as valuable extensions of 

arithmetic in elementary schools. The reaction to the teaching of 

mathematics in 'watertight compartments' extended well beyond the three 

elementary branches as Hall E1905, p. 1581 underlined: 

For years teachers had been in silent rebellion against systems of 
examination which made it illegitimate to use algebraical symbols 
in an arithmetic paper; which debarred the use of the trigonometrical 

ratios in Euclid or Higher Pure Geometry; which sometimes insisted 

on geometrical methods in conics, where analysis might have been 

used with equal or better advantage; and which encouraged 'calculus- 

dodging' and other pernicious habits, all tending to an enormous 
waste of time without any compensating advantages. Now, by a 
fairly general consent, all this is to be changed.... 

A Committee of the BAAS E1907, p. 4451 was soon able to report that: 

In good schools, geometry and trigonometry, have, indeed, become in 
their earlier stages largely arithmetical, while algebra is 
introduced as generalised arithmetic; and there is good ground 
for the belief that this rational and co-ordinated treatment of 
school mathematics will be generally adopted in the course of a 
few years. 

A Report of the LCC C1911, p. 831 subsequently noted that 'teachers are 

now freed from conventional restrictions which have prevented a free 

use of generalised Arithmetic, ' though there was still a tendency to 

divorce algebra from arithmetic, and not exploit the link through 

1generalised arithmetic. ' However, this particular tactic was gaining 

in popularity [Ballard, 1909a, p. 881, and was strongly advocated by the 

MA 11910co 1911b] in particular. 
1 The general opening out'of arithmetic 

was a notable feature of reform, before the First World War. 

Godfrey 11908, p. 2531 referred to 'The importance of numerical 

work in all subjects [his stress]; Particularly geometry and trigonometry, 

a major principle within the reform movement, and Palmer [1912, p. 2361 

For an early discussion of 'Algebra as Generalised Arithmetic' see 
Child [19051, who claimed that Continental practices in the begin- 
nings of algebra were generally in advance of those in England. 
Some further remarks concerning algebra teaching will be made in the 
next chapter. 
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pointed out that the new concern was for arithmetic as 'a tool to be 

constantly used, not only in the other branches of Mathematics, but 

also in Science teaching. ' In London elementary schools, Ballard 

[1912, p. 101 noted as one major development that 'Arithmetic is passing 

into Mathematics. The claims of Geometry, Mensuration and Algebra 

obtain at least some recognition. ' Developments in girls' secondary 

schools were summarized by Story [1912, p. 5481: 

Arithmetic, 'algebra, and geometry are ... taught simultaneously 
throughout the school, not consecutively as in America, and 
recently much has been done by the foremost teachers of the 

subject to break down the barriers between the three divisions, 

and to show them all as part of the same science - algebra as 
generalised arithmetic and 'written geometry, ' geometry as 
'Pictorial algebra. ' It is therefore increasingly the rule for the 
same teacher to take the three branches of the subject with a Form. 2 

Thus, some of the traditional barriers were certainly taken down during 

the early years of reform, but the developments were still a long way from the 

ideal of unif ication in mathematics. Outside technical education, the 

subject continued to be discussed, taught, learnt and examined in its separate 

branches of arithmetic, algebra, geometry, trigonometry, calculus and 

mechanics. Exceptionally, practical mathematics textbooks covered a broad 

range of mathematical content within a single volume. However, such text- 

books were designed for technical students, and school textbooks generally 

followed the well established pattern, which teachers' conservatism 

also helped to Sustain. Furthermore, the idea of general courses in 

mathematics became principally associated with technical education. 

Thus, in secondary education, such courses would have been regarded 

as overambitious, diluted, and mathematically inferior to the 

systematic treatment of the branches, taken separately (see pp. 242-246). 

2 For some discussion of the curious American treatment of the 
branches 'in tandem, ' and of moves towards a 'fused' treatment, 
with the development of 'general mathematics, courses, see Young 
[1907, pp. 97-98,183-187,246-2481 and Smith [1926, p. 291. These 
developments in America have also been discussed by the NCTM 
[1970b, pp. 46-53,173-1791. 
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There are some parallels here with developments in America and in 

science education. The NCTM [1970b, p. 1851 have referred to the 

'unified nature' of most 'vocational mathematics, ' as opposed to the 

higher status 'college-preparatory' mathematics. Such associations 

'contributed to the downgrading of unified mathematics. ' The 'general 

science movement' in this country has been explored by Jenkins 11979, 

pp. 70-1061, and a major barrier to progress was the inferior status 

accorded to such courseso as an alternative to the e'stablished and 

more specialized courses in physics, chemistry and biology. 3 
However, 

certain innovators in mathematical education did'manage to persuade 

publishers to break with convention. 

Mair's [19071 A School Course of Mathematics, published by OUPp 

covered geometryl algebra and trigonometry, and was written in the 

style of a discussion between teacher and pupils (see p. 268, note 24). 

Two extraordinary books in, the Longmans' Modern Mathematical Series (see 

p. 269) achieved a considerable measure of unification. Dobb's [19131 

A School Course in Geometry included trigonometry, mensuration, some 

co-ordinate geometry, and even squeezed in a little calculus, in 

addition to treating geometry dynamically using transformations. Thus 

Dobbs provided an ambitious course, with a central geometrical focus, 

and acknowledged a debt to Branford in particular. Nunn [1914, pp-v, 

19-201 argued strongly for unification, and, with an algebraic focus, 

he implemented his ideals in a treatment which embraced trigonometry, 

cblculus, complex numbers and statistics. Not surprisingly, these 

ventures of Nunn and Dobbs were commercially unsuccessful, the breadth 

and degree of unification in their courses being far in advance of 

practices in the schools. However, the idea of unification continued 

to attract some attention, though developments were predictably very 

3 The NCTM [1970b, p. 4221 have quoted one teacher as remarking 'We 
might just as well bind together Physics and Biology and call it 

-upopular science" ... or put all the subjects in one book and 
label it "Hash. "' 
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slow and limited. 

The mistresses within the MA [1916b, p. 31 referred to the 'need 

of unity' within the three elementary branches and Stressed: 

in teaching it is most important to co-ordinate the work as far 

as possible, so that the subject is developed as a whole of 
which these divisions are only the different aspects. 

However, the MA's [1919a, 1923b, 1932d, 1934a] Reports between the 

Wars paid very little attention to the issue, with detailed 

recommendations being confined to particular branches. Thus Retter 

[1936, p. 921 referred to the need for secondary teachers themselves to 

emphasize connections, and added 'the "binding" ... is still to be 

achieved. ' Particular publications of the BE [1926a, pp. 214-220; 

1935, pp. 15-22; 1938, pp. 235-242; 1943, pp. 104-1081 paid lip-service 

to the need for unity in elementary and secondary school mathematics, 

though mathematics in the schools continued to be far from unified. 

Even where textbooks for elementary schools were devoted to mathematics, 

rather than a single branch, this often amounted to no more then a 

treatment of the branches in separate sections [BE, 1928a, p. 441, and 

opinion was divided on the need for general textbooks. However, very 

slowly, the secondary examining bodies did give some encouragement to 

a more flexible treatment of the subject as a whole. 

The Oxbridge Joint Board's close links with the public schools, 

particularly through the HMC and the MA, and the important influence 

of Godfrey on the Board's mathematical examinations were mentioned in 

earlier chapters (see pp. 47, lG4). In 1919, it was this Board that 

explored the possibility of mixed papers in mathematics for the First 

Examination. Godfrey and Mair became involved in drafting new schedules 

for the mixed papers, which replaced those in the separate branches from 

1921 onwards [King, 19811.4 The Joint Board's distinctive arrangements 

4 Interestingly, this Board was also the first to add general science 
to its scheme for the First Examination, in 1921 [Jenkins, 1979, p. 711. 
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were subsequently discussed by the MA, following a paper by Siddons 

E19281, in which he pointed out the benefits of this more flexible 

policy for examinations. The SSEC also supported the Joint Board's 

isolated initiative, following its investigations of the eight 

approved bodies during 1931 (see p. 54). However, it was not until the 

1940s that these bodies acted collectively concerning an alternative 

to examining in the separate branches. 

From 1928, Durham provided an alternative mathematics scheme for 

the First Examination, in which much of the traditional geometry was 

axed to permit a broader range of content, including some trigonometry, 

solid geometry and numerical integration, and with functionality chosen 

as a unifying theme in'the algebra syllabus EMA, 1930a, p. 1481. 

However, Durham's influence was small; this was only an isolated 

initiative; the schools made little use of the alternativeý and it was 

allowed to lapse in 1934 [Talbot, 1955, p. 961. Ten years later, a 

much more concerted effort was made to follow Durham's lead. 

In 1943 and 1944, the possibility of an alternative syllabus 

being provided for all the First Examinations was explored by a 

Conference with wide representation, the matter being also discussed 

by the MA [1944al, and this activity culminated in the publication of 

the Jeffery Report EMA, 1944b]. As Redhead [1953, p. 3G71 has suggested, 

the proposed alternative can be seen in a number of ways as a coming 

to fruition of the ideals both of the Perry movement and of the leading 

thinkers in mathematical education before the First World War (see 

pp. 225,281-285). What is remarkable is the lapse of time between the 

enthusiastic promulgation of alternative blueprints for secondary 

mathematicsp and the general embodiment of an alternative in examination 

syllabuses. The Jeffery Report's syllabus was arranged under the 

headings of number; mensuration; formulae and equations; graphs, variation 

and functionality (including some calculus); two dimensional figures 
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(including some co-ordinate geometry and trigonometry); three dimen- 

sional figures; and applications to problems involving drawing, 

trigonometry and geometry. The syllabus achieved a considerable 

degree of broadening by cutting and simplifying the conventional 

arithmetic and algebra syllabus, and by eliminating much of the 

demonstrative geometry. The syllabus was also arranged thematically 

and unification was the underlying principle here: 

an overwhelming case can be made out for the fusion of mathematical 
subjects and in particular for a closer association of geometry and 
trigonometry. To encourage this, each paper should be 'mixed' .... 
In these papers complete freedom of method should be allowed .... 

Thus, the Joint Board's policy of mixed papers was now advocated, for 

general adoption as an alternative. 

The various bodies soon made alternative syllabuses available, 

with some variations in detail. However, the links in the chain from 

the original ideals underlying the new alternative, their embodiment 

in syllabuses and papers, the interpretations of textbook writers, 

through to teachers' practices, as always, raised fundamental problems. 

For example, successful textbook writers within the traditional 

branches, and notably Durell, were not surprisingly reluctant to start 

from scratch and provide fundamentally new general or unified mathe- 

matics textbooks, to cater for the new market. It was much easier to 

produce new textbooks in general mathematics which were little more 

than a permutation of chapters from earlier textbooks on arithmetic, 

algebra, etc., and were thus far from being infused with the ideals of 

unification. 
5 Furthermore, teachers were generally slow to adopt the 

new alternative which involved breaking away from the narrower, well- 

trodden paths, familiar textbooks, and examination papers [Price, 1974, 

5 Durell's publishers, Bell, felt that general mathematics textbooks 
would have the advantages of novelty and even distribution of cost 
i. e. one textbook per year. Apparently, Durell was at first not 
sympathetic to the idea, but he was gradually won over by his 
publishers. I am grateful to R. J. 8 Glanville of Bell and Hyman 
for this note. 
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pp. 135-140; Ministry of Education, 1958, pp. 20-211. Talbot '[1955, 

p. 1131 found that only about one third of sixty-three grammar schools 

in Northumberland and Durham reported that they used the new alter- 

native, and Montgomery [1965, p. 1801 found that it was not until 1962 

that the alternative became more popular amongst the large number of 

schools taking the NUJMBIs examinations. 

Both Durham's scheme and the Jeffery syllabus adopted the theme 

of functionality, which contributed an important element of unification. 

This idea, which has a long history and attracted much international 

interest, deserves to be considered more closely. 

The Concept of Functionality 

Love [1902, p. 4581 well summarized the general nineteenth-century 

lack of coherence in curricular thinking in mathematics: 

The traditional order of study has tended to obscure the 
fundamental nations and the general drift of arguments under 
a cloud of secondary developments. 

Love reflected the newer Herbartian emphasis on fundamental ideas, 

which became an important feature of early twentieth-century thinking 

in mathematical education (see pp. 281-285). Functionality was one of 

these ideas, and its central importance was strongly argued by Godfrey 

[1910a, 1912a, 1912d] and by Whitehead [1911a, 1911b] in particular. 

Interest in this idea had developed much earlier in Germany, 

during the 1880s, and the German reform movement which subsequently 

elevated functionality to a central position became principally 

associated with Klein. (see pp. 131-132), whose influence spread to 

America and England in the early twentieth century [Price, 1912; NCTM, 

1970b, pp. 174,2061. There are obvious links between variables and 

functional dependence and the use of squared paper, as the American 

mathematician Moore C1906, p. 3181 underlined: 

I know of no medium serving to bring together so closely and so 
easily the three phases or dialects of pure mathematics - number, 
form, formula - and to lead so directly to the concept of 
functionality.... 



299 

Moore prophetically judged that this concept 'will play a fundamental 

Ala in the reorganization of elementary mathematical education' Ep. 3181. 

Klein [1908, p. 41 shared this view: 

We, who are called the reformers, would put the function concept 
at the very centre of instruction, because, of all the concepts 
of the mathematics of the past two centuries, this one plays 
the leading role wherever mathematical thought is used. 

Thus, the concept was a doubly attractive one for the reformers, given 

its potential for utility as well as for unification. Smith 11913, 

p. 6161 subsequently associated functionality with the following range 

of possibilities: 

The notion of limit, invariability, rate, function, and graph must 
be so gradually introduced and must become so clearly understood 
that when the calculus is reached they will be met as we meet 
familiar friends. How to do this economically is one of the 
problems relating to intuitional mathematics. 

Thus functionality is also related to the issue of bringing aspects 

of the calculus into a general education, which will be considered 

later in this chapter. 

Clearly there are some obvious links between aspects of the 

German's funktionale denken and Perry's scheme of practical mathematics 

(see p. 100). However, the power of this idea was not exploited in 

England until around 1910, when international influences became 

strongery particularly through the ICTM (see pp. 130-135). Smith and 

Goldziher's C1912, pp. 71-721 Bibliography included a section on the 

'function concept, ' which shows that it was predominantly the German 

journal literature which first came to explore the concept in detail, 

particularly from around 1905. By 1910, Continental developments were 

beginning to be reported in this country also. 

Wallace [19101 provided an account of developments in German 

secondary schools, for the School World, with particular reference to 

the introduction of calculus. Price [19121 addressed the London Branch 

of the MA an German reforms, and his resulting paper in the Mathematical 
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Gazette threw much light upon developments in Prussia from the late 

nineteenth century. 
6 His discussion clearly shows that functionality 

in mathematical education gradually emerged from the 1880s as part of 

a shift of emphasis from an exclusively specialist pure mathematical 

treatment of forms f(x, y)=O in analytical geometry and geometrical 

loci, to a treatment of dynamic functions, both empirical and analytical, 

involving Forms V=f(x), and correlated with science. Wallace E1910, 

p. 2501 drew attention to a marked contrast concerning the adoption of 

aspects of functionality in English and German schools: 

the general adoption in school of the graphical method of 
representing algebraical functions has taken place earlier 
in this country than in Germany; but the Germans are going 
a step further in showing that by the aid of this method the 
calculus in its earlier stages may be made a very valuable 
part of the school curriculum. 

Price [19111 also translated for the Gazette the mathematical 

syllabus for the Gymnasia, which was part of the, Meraner Lehrplan 

of 1905, and included the strong Prussian emphasis on functionality. 

Developments in German mathematical education up to the War were also 

reported in the journal Nature [1913; Pressland, 19101. In addition, 

Price translated a syllabus of mathematics for the new Austrian 

Gymnasien, issued in 1909, which was subsequently published as a Pamphlet 

of the BE [19101 (see pp. 41-42). Such a publication in England at this 

time was felt to be particularly relevant as 'the reforms suggested 

are similar to those that are now being discussed in this country' 

[P. A. 7 The Austrian syllabus adopted functionality as a central theme, 

from the beginnings of funktionale Anschauunq through tothe calculus, 

and also advocated the general guiding principles Of simplification, 

unification, correlation and the consideration of stages in 

intellectual development. 

6 See also Young [19001 for an early American perspective on Prussian 
school mathematics. 

7 This Pamphlet was publicized in Nature [19101 and the School World Eigiol 
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Godfrey [1912d, pp. 289-2921, who became much involved with the 

ICTM, provided his own interpretation of funtionality in a paper on 

algebra teaching for the Special Reports. He also presented a paper 

to the MA, where he strongly argued that algebra teaching should be 

organized around important ideas such as generalization, functionality 

and problem solving, and he admitted 'We insist an the technique of 

algebra so much that I fear we lose the spirit' [Godfrey, 1910a, p. 2321. 

Much of his thinking became embodied in the MA's [1911b] subsequent 

Report on this branch (see p. 10). The mistresses within the MA [1916b, 

pp. 6-71 were also quick to stress the central ideas of variation and 

functionality in their Report. The place of graphical representation 

was by this time assured, and the main issues now concerned the scope 

of the treatment of variation and the possibility of introducing some 

ideas from calculus- 

Between the Wars, the value of the function concept continued to 

be emphasized in America ENCTM, 1970b, pp. 40-41,47,202-20G], and a 

Report of 1923 viewed it as 'the best single concept for unifying the 

curriculum' Ep. 2051. The NCTM [19341 devoted a whole Yearbook to 

Relational and Functional Thinking in School Mathematics, and its 

author, H. R. Hamley, also discussed this subject in a memorandum 

published in a Report of the Consultative Committee [BE, 1938, 

pp. 450-4521. 

Finally, the secondary examining bodies in this country generally 

recognized the importance of this theme, following the recommendations 

of the Jeffery Report. The Jeffery syllabus included a section an 

'Graphs, Variation, Functionality' [MA, 1944b, pp-v-vil, which 

extended to work an gradients and areas involving curves, with various 

applications. The rationale for this theme followed closely the 

arguments promulgated internationally before the First World War. 

Another very striking feature of the Jeffery syllabus was its general 
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breadth. Developments concerning the broadening of mathematical 

curricula again have a long history, and various features remain to 

be discussed. 

The Broadening Tendency 

As has been shown in earlier chapters, within the general reform 

movement of the early twentieth century there was much concern for 

pruning and simplifying mathematical curricula, to permit a more 

purposeful treatment disencumbered of technical details, and organ- 

ized around important ideas, with a broader range of content embracing 

the more useful aspects of mathematics. Simplification and breadth 

were central features of Perry's scheme of practical mathematics, 

which made such remarkable progress in the restricted field of 

technical education (see p. 220), and these principles were important 

ones within the Perry movement (see p. 225). Various early twentieth- 

century pronouncements, discussed in Chapter 3, reflected the general 

interest in greater breadth and purpose, as did the thinking of a 

number of leading figures in mathematical education, discussed in 

Chapter 6. In relation to secondary education, the MA in particular 

pursued in detail some of the implications of these newer emphases, 

working closely with examining bodies, particularly from around 1910, 

as was shown in Chapter 4. 

The general principle of broadening could be applied to the 

mathematical curriculum in various types of educational institution, 

with different implications. In the case of elementary schools, the 

main issue concerned the extent to which the curriculum should extend 

beyond arithmetic, to warrant the label 'mathematics, ' particularly in 

the case of older pupils. The narrowing influence of the system of 

payment for results, until the 1890s, was discussed in Chapter 2 (see 

pp. 15-21), as was the arrangement for 'specific subjects, ' which 

encouraged some broadening, particularly in the cases of algebra and 
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mensuration. Following the abandonment of the system, and with the 

development of a gradually more flexible view of the relationship between 

the branches of mathematics (see pp. 291-? 93), th. ere is some evidence of 

interest in broadening and some gains here in the higher Standards, 

during the early twentieth century (see pp. 21-23). The BE's 119115a, 

pp. 43-44; 1912c, pp. 3-4,21-261 Suggestions discussed various aspects 

of broadening, which might be achieved through a shift from the older 

commercial bias in arithmetic towards such aspects as plane and solid 

mensuration, practical geometry, graphical work and the beginnings of 

algebra. The BE accepted that the extent of broadening should be a 

Function of local circumstances, which might imply no more than a 

little mensuration, and, in any case, demonstrative geometry. was 'not 

suitable for the ordinary Elementary School' [1912c, p. 241. The most 

general gains appear to have been in the development of work in 

measurements and 'practical arithmetic' (see pp. 203,210). 

In London elementary schools, Ballard [1912, p. 111 found that 

algebra as a separate subject had lost the place it had held five or 

six years earlier, though some 'not very successful' attempts were 

still being made to graft some algebra onto arithmetic. A Re I port of 

the LCC 11911, p. 201 found that geometry was largely restricted to 

boys' schools, and was generally limited to drawing, following the 

pattern of the old South Kensington Art syllabus [Ballard, 1912, p. 121. 

Between the Wars, there is some evidence of a tendency to concentrate 

an arithmetic in elementary schools, at the expense of other potentially 

broadening elements. 

Two major constraints on progress, the selection system for 

secondary schools, and the concern for standards of arithmetical perform- 

ance, were discussed in Chapter 2 (see pp. 23-27). Early leaving, large 

classes, inadequate facilities and inferior teachers were all persistent 

general problems, which also inhibited enlightenment in elementary school 
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mathematics [BE, 1926a, p. 2161. Reports of the BE's [1926a, pp. 214- 

220; 1931, pp-139-1451 Consultative Committee criticized the traditional 

and continuing dominance of arithmetic at the primary and post-primary 

stages, and ambitious proposals were made in the latter case for a 

four-year course including mensuration, algebra, geometry and trigono- 

metry. Nunn 119251 shared such optimism for the seven Standards in 

elementary schoolsy and his own detailed syllabus was published. 

Significantlyv he remarked: 

The syllabus claims to be a syllabus in mathematics, not in 
arithmetic. This departure from custom is meant to imply a 
rejection of the illiberal tradition which has limited the 
mathematical studies of the elementary scholar very largely 
to the manipulation of number.... 

Such remarks provide further evidence that in practice the extent of 

broadening in elementary school mathematics was generally rather 

limited. However, the question of mathematics at the post-primary 

stage became an increasingly important one between the Wars (see p. 34). 

An early M. Ed. dissertation of 1928 was significantly entitled 

'Practical Mathematics: the Approach of the Post-Primary Pupil to the 

Study of Mathematics' [Frobisher and Joy, 1978, p. 21, and HMI Carson 

[1929, pp. 29-301 stressed the importance of the new concept of a 

post-primary 'modern school, ' for which an alternative, more useful, 

and less academic mathematics curriculum than in the secondary school 

was required. He added: 

The subject (or method) known as practical mathematics, 'which 
thirty years ago did so much for teaching in this country, is 
in mind in this connection. Ep. 301 

The resurrection of the name practical mathematics is of particular 

interest here, and the BE's [19351 Pamphlet on Senior Sqhool Mathematics 

encouraged LEAs''to provide courses for teachers in Practical 

Mathematics' [p. 41, which could ignore secondary examination constraintsp 

as well as 'the need for academic or conventional treatment' 1p. 31, and 

encourage a unified approach. In the 1930s, the MA also began to take 
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some peripheral interest in such developments, particularly in the 

case of the central schools (see p. 175). 

Central schools, which provided a four-year course for more able 

pupils within the elementary system, had been established before the 

First World War, mainly in the London area, and the kind of mathematics 

which was developing in these schools was described at an early stage 

by Ballard [1912, pp. 19-241 and by Spencer [1912, pp. 48-591 in the 

Special Reports. In mathematics, these schools were striving to 

reconcile the demands of some kind of utility, whether industrial, 

commercial, or domestic in the case of girls, with the need to provide 

a course with general 'cultural' value [Ballard, 1912, p. 201. Again, 

there are many links between the Courses being evolved and Perry's 

practical mathematics, particularly in the case of boys with a future 

in industry. In particular, as Ballard remarked, 'Deductive geometry 

occupies an anomalous position' Ep. 211, and Spencer [1912, pp. 55-561 

emphasized that, with various simplifications, 'The ground covered is 

extensive ... but the work is intended to be simple, practical and in 

no way pretentious' Ep. 551. Furthermore, 'All mathematical subjects 

are to be broadly treated and the whole made naturally related parts 

of one course of study' Ep. 561. 

It is beyond the scope of this thesis to explore in any detail 

the historical links between the mathematics of the higher grade schools 

under the DSA in the nineteenth century (see pp. 27-31), that of the 

central, junior technical and senior schools, and, eventually, of the 

secondary modern schools. The importance of the idea of practical 

mathematics, variously interpreted, as an alternative to the mathematics 

of the secondary schools, which was dominated by the universities, seems 

clear. This whole subject warrants further investigation. 

Turning to the secondary schools, in the case of girls, mathe- 

matical education the principle of broadening was initially related 
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in the main to the extension of the curriculum beyond arithmetic, to 

include some algebra and geometry up to the normal maximum for non- 

specialists in boys' schools (see pp. 29-30,38,152-159). However, 

the Perry movement brought with it wider possibilities for a general 

education, at least in the case of boys. As Fawdry E1924, p. 1331 

remarked: 

In brief, the general object of the reform was to make it 

possible for all boys of seventeen to leave school with some 
knowledge of trigonometry, mechanics, and the calculus. 

Such advances required, in the first instance, the development of new 

approaches to the introduction of these branches, along lines very 

different to those traditionally followed in the case of the minority 

of mathematical specialists. There were special and major difficulties 

in the Case of mechanics, which will be considered first. 

The Teaching of Mechanics 

The specific involvement of the BAAS and the MA, and the problem- 

atic relationship between mathematics, science and mechanics teaching 

have already been discussed (see pp. 212-217). The possibility of 

reform in this branch can be seen as arising principally from the 

struggle. to merge two independent nineteenth-century traditions. As 

Eggar 11912v p. 3381 remarked in the Special Reports: 

Engineering and Physics, art and science, practice and theory, 
have advanced on independent lines, and have only recently 
amalgamated, and the growing importance of Mechanics as a 
school subject is due to this amalgamation. 

In mechancial engineering, various problems of construction necessitated 

the blending of mathematical theory with genuine applications Ep. 3381, 

and Perry in particular became involved at an early stage in the 

development of practical mechanics in technical education, and also, 

briefly, at Clifton College (see pp. 218-219). 

In the case of schools generally, as Eggar [1912, p. 3381 pointed 

out, 'the practical teaching of Mechanics in schools is almost entirely 
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a modern growthl' and it formed part of the late nineteenth-century 

development of science teaching and physical laboratories (see pp. 200- 

201). In sharp contrast, mathematical mechanics was already established 

in the schools, but as a wholly theoretical examination subject, con- 

fined to mathematical Specialists, and dominated by the Cambridge 

mathematical tradition. Interest in blending the mathematical and 

experimental approaches to school mechanics, to produce courses more 

appropriate for a general education, developed as part of the wider 

movement for correlation before the First World War. 

The MA's [19041 early Report on this branch stressed the need to 

incorporate experimebtall numerical and graphical elements, in con- 

junction with the analytical treatment, and over the next few years 

various individuals reported developments and discussed various ideas 

in the columns of Nature and the School World. During 1904, a letter 

published in 
_Nature 

an 'Graphic Methods in an Educational, Course on 

Mechanics' [Milne, 19041 produced a number of responses. 
8 In the 

School World there were contributions from Minchin [19041 and Nunn 

[19051 on dynamics; Fletcher [19041, who outlined the practical 

possibilities of a trolley which he had designed; Egger [19051 on 

experimental mechanics; Ashford [19061 of Dartmouth, who described his 

pioneering course for naval cadets from the age of thirteen, at Osborne 

and Dartmouth, where Fletcher's trolley was actually being used; 
9 

Schofield 11906P 19071, who discussed various pieces of apparatus for 

experimental work; and Tuckey [19071 on the questions of mass, weight 

and systems of units. Godfrey E1912a, pp. 174-1771 also optimistically 

discussed the possibility of teachers of mathematics providing 

correlated courses of mechanics for average pupils. However, outside 

a Letters from four different correspondents were published, including 
one from W. J. Dobbs. See Nature [19041, Vol. 70, No. 1804, pp. 81-82; 
No. 1805, p. 103; No. 1806, p. 125. 

9 The naval colleges were in a unique position to innovate in 
mechanics teaching [Eggar, 1912, pp. 340-3411. 
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the naval colleges, and apart from the case of intending engineers and 

army entrants (see p. 205) the blending of the theoretical and experi- 

mental approaches to mechanics made very little headway [Eggar, 1912, 

p. 3381. 

Branford [1908, p. 2541 referred to the divorce of theory and 

practice in mechanics as a 'radical blunder ... still generally 

perpetrated outside the technical schools, ' and he referred to Ernst 

Mach's The Science of Mechanics as exemplifying the way forward. In 

a general secondary education, mechanics was normally confined to a 

little practical statics as part of physics, and divorced from mathe- 

matics. Eggar [1912, p. 3411 was thus prompted to remark that 'In the 

case of the ordinary public or secondary school ;.. Mechanics does not 

form part of the general education of all boys. ' After the War, 

Fawdry [1924, p. 1371 admitted that 'In mechanics our progress towards 

the ideal of Professor Perry is slow, ' and that 'many teachers still 

neglect experimental work, either from lack of time or owing to the 

difficulty of finding a place to do it in' Ep. 1381.10 Various deeper 

factors which inhibited progress were discussed in Chapter 5 (see pp. 

212-216). 

For the First Examination, mechanics as a separate subject was 

taken by only four per cent of candidates in 1926, and this proportion 

had nearly halved by 1937 [BE, 1938, p. 991. Some mechanics was 

included as part of additional mathematics by three of the eight 

approved examining bodies, investigated in 1931 [BE, 1932, p. 1181. 

However, in two of these cases, additional mathematics was only taken 

by around five per cent of the candidates. The Oxbridge Joint Board 

was exceptional, with one quarter of the candidates taking additional 

mathematics and the public schools generally chose to teach some 

10 Fawdry E19201 outlined his own ideas for mechanics in a general 
education in the Mathematical Gazette, and also produced a text- 
book for non-specialists on Readable School Mechanics 119251. 
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mechanics at this stage EMA, 1932a, p. 1031. The SSEC reported: 

Mechanics is treated by some [examining bodies] purely as a 
Mathematical subject, others demand some familiarity with 
experiment, and one regards it as a branch of Science and 
conducts a practical examination in the schools. [BE, 1932, 
p. 1181 

Significantly, this Report concluded: 

The practice of holding a practical examination in Mechanics 
does not commend itself to the Investigators ... it is open to 
the same strong objections as practical examinations in Science 
at this stage, and there is in addition a danger of giving the 
wrong impression of the part which experimental work should play 
in the case of Mechanics. Ep. 1191 

Thus, mechanics made very little progress in a general secondary 

education, and the treatment of this branch in the case of mathematical 

specialists continued to follow the nineteenth-century pattern. The 

ideals for correlation of innovators such as Perry, Eggar, Nunn, 

Fletcher, Ashford and Godfrey were never generally realized in English 

secondary schools. Much more successful, however, was the movement 

to broaden the curriculum to include aspects of trigonometry for all 

secondary pupils. 

Trigonometry in a General Education 

Beyond the three traditional branches, trigonometry emerged as 

an obvious candidate for broadening the curriculum. It was a potentially 

unifying branch, having links with arithmetic, mensuration, geometry, 

particularly similarity, and algebra, including functionality (see 

p. 291). It also had considerable utility value for scientists, 

engineers and geographers, whose interests in mathematical education 

were becoming increasingly important. However, the traditionally highly 

specialized and isolated treatment, following a thorough grounding in 

manipulative algebra and geometrical similarity, which was not reached 

until Euclid VI, made this branch wholly inappropriate for the 

majority of pupils, who never reached this 'promised land, ' and its 

potential utility was little exploited [Mercer, 1913, p. 194; Strachan, 
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1918, pp. 218-2191. 

The conventional academic approach began with the six definitions 

and the development was dominated by compound angles and heavy 

algebraic manipulation. Much of the numerical work was with special 

angles, involving surds, or angles measured down to seconds. Where 

tables were used, seven-figure tables such as those of Chambers were 

the norm [Siddons, 1956, p. 1671. Graphical methods, involving measuring 

and squared paper in particular, were not exploited, nor was the 

functionality aspect. The popular textbooks of Hall and Knight, Lock 

and Loney typify this late nineteenth-century pattern [Wolff, 1915, 

pp. 89-91,99-1001.11 

Schools which came under the DSA's influence were required to 

teach some trigonometry for the Second Stage mathematical examinations, 

but the approach was conventional [Hitchens, 1978, pp. 76-781. The 

solution of triangles was the principal topic, and wider possibilities 

were largely ignored [Brill, 1901, p. 2801. The ideals of correlation 

and unification were neglected, and, around the turn of the century, 

pupils reaching this branch were typically still being put through a 

rigorous and overambitious course, dominated by the rote learning of 

formulae for examination purposes [Mathews, 19021.12 However, the 

Perry movement brought with it alternative possibilities. 

Perry had urged the more general introduction of some useful 

trigonometry in as early as 1880 (see p. 222), and twenty years later 

his wid ely publicized scheme of practical imathematics (see p. 100) 

included some simple trigonometry, treated numerically and graphically, 

with the aid of four-figure tables (see p. 233). Godfrey's 'Compromise, 

at Winchester included some 'numerical trigonometry, ' under this name 

11 Loney [1893, p. v1 claimed 'Trigonometry consists largely of 
formulae and the applications thereof. ' His textbook went 
through thirty-two new editions or reprints, up to as late as 
19591. 

12 Mathews E19021 drew attention to potential links with mensuration, 
surveying and dynamics, and to the benefits of unification. 
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(see p. 108), and in the public schoolmasters' letter he referred to it 

as 'a certain type of diluted trigonometry which is found to be within 

the power. of every sensible boy' (see pp. 109-110). He also provided 

more detailed suggestions in the School World E1902d, pp. 290-2911, 

where he referred to the stimulus for introducing some simple 

trigonometry provided by the recent naval entrance papers, and to the 

value of the DSA's handy four-figure tables. Marshall's 119021 

suggestions in Nature were also quoted as supporting 'arithmetical 

trigonometry, ' to broaden a general education and provide a basis for 

the more specialist lelgebraicall treatment Ep. 2911. General support 

for simplification and broadening to include some trigonometry was 

also forthcoming from the MA [1902b, p. 51 and the BAAS (see pp. 112-115). 

There is an obvious parallel here between the development of preliminary 

practical geometry in a general education and the idea of introductory 

'practical trigonometry, ' though a general victory for the latter took 

a long time to achieve. 

The new thinking produced a crop of trigonometry textbooks, the 

titles of which often included such words as 'beginnings, ' ? beginners, ' 

'elements' or 'elementary, ' and occasionally 'practical' or 

'experimental' [British Museum, 1906,19111.13 A scrutiny of prefaces 

confirms the influence of the Perry movement, and, in particular, 

Borchardt and Perrott [19041 granted that the 'new trigonometry' was 

part of a general change 'so largely due to the genius of Prof. Perry. ' 

The early influence of the naval and military requirements is also 

clear, and Mercer's [19061 textbook was based an his work with junior 

classes at Oundle and subsequently with young naval cadets. 

For boys' public schools, Godfrey [1908, p. 2581 could Soon claim 

that simple trigonometry for non-specialists was 'now introduced at an 

13 The word 'numerical' was not used in titles until after the 
publication of the MA's [1910c, 1911b] Reports [British Museum, 
19181. 
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early stage in many schools, say at 13-15 years of age, ' and the 

HMCIs 9-1G Syllabus of 1909 embodied the new approach,, with applications 

to surveying (see pp. 150-151). However, examining bodies were still 

generally not prepared to force the pace in this matter [Hawkins, 19121, 

and, towards the end of the decade, there was a renewed movement to 

implement change throughout secondary schools. 

The Joint Committee of the APSSM and the MA [1909e, pp. 4-51 

argued the case on the grounds of correlation, and, the MA [1910c, 

pp. 6-81 strongly urged major simplifications in algebra to permit the 

introduction of trigonometry and mathematical tables. Significantly, 

the title of the MA's [1911b] revised Report incorporated the 

qualifying terms 'elementary' for algebra and 'numerical' for 

trigonometry, and referred to the latter as 'so important that it 

should be included in all cases' Ep. 71, even granted the principle of 

teachers' curricular freedom. There was no swift response from 

examining bodies generally, though the Oxbridge Joint Board did take 

some tentative experimental steps concerning trigonometry questions 

(see pp. 163-164). At this time, practices varied from school to 

school in a typically English way. 

Fletcher [1912, p. 911 reported that in grant-aided secondary 

schools: 

of higher subjects the first and most frequently taken is 
Trigonometry ... in a fair number of schools it may be regarded 
as part of the normal course of work at least for boys. 

The common introductory approach followed the more practical tendencies, 

though work out of doors was rare, and some important examining bodiest 

notably London, still regarded trigonometry as an exclusive branch of 

higher mathematics. Pessimistically, Nunn [1913b, p. 7061 was prompted 

to remark to the BAAS that 'few systematic attempts have been made 

to reform school trigonometry in the spirit of Professor Perry's 

teaching, ' and his own ambitious ideas were embodied in his seminal 
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book [19141 (see p. 269). 14 Nunn deplored the inhibiting effect of 

some examinations, though the BE at this time did introduce 

trigonometry and tables into the Ordinary Syllabus for the Teachers' 

Certificate Examination (see p. 67). There is, however, some evidence 

of differentiation between the sexes regarding trigonometry in 

secondary schools. 

Miss Punnett admitted there was 'a tendency to assume that girls 

are not interested in such abstract matters as sines and cosines IMA, 

1911c, p. 551, and, given the new approaches now being implemented in 

some boys' schools, she regretted this common omission in the case of 

girls. The pattern was confirmed by Story [1912, p. 5521: 

In a few schools trigonometry is begun in the Upper Fifth Form, 
but in the majority it is deferred until the Sixth Form or noý 
taken at all. 

Not surprisingly, the Girls' Schools Committee of the MA F1916bo 

pp. 25-261 advocated trigonometry, with various applications, from the 

age of fourteen. By this time, various new approaches had become 

embodied in recently published textbooks. 

There was a significant peak in the output of new trigonometry 

textbooks in the period 1911-1914, following the MA's [1910c, 1911b] 

Reports. The qualifying term 'numerical' was now included in a number 

of titles, such as those of Mercer (Dartmouth) and Price (Osborne), in 

particular [British Museum, 19181, and, subsequently Abbott E19181 

(see p. 269). Mercer E1913,19141 outlined his approach to trigonometry 

for beginners in a paper delivered to the London Branch of the MA, and 

Piggott [19191, also of Dartmouth, acknowledged Mercer's pioneering 

work, in the preface to his own textbook. A scrutiny of prefaces 

again reveals the importance of the Perry movement's ideals (see p. 225) 

14 Dobbs' [19131 extraordinary book presented a unified treatment of 
pure geometry, co-ordinate geometry, trigonometry and mensuration. 
He outlined his rationale to the London Branch of the MA - see 
Mathematical Gazette [19131, Vol. VII, No. 106, pp. 139-146; No. 107, 
pp. 167-170. He argued similarly some twenty years later [Dobbs, 
19321. 
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for pedagogical developments in trigonometry. However, the victory 

for this branch in a general education was still not complete. 

HMI Strachan [1918, pp. 218-2191 looked back at the nineteenth- 

century elitist pattern and claimed that 'All that is changed or 

changing. ' The earlier treatment of geometric similarity, previously 

deferred to Euclid VI, had helped the movement forward, as had-also 

the desire for some outlet in arithmetic, which was a narrow and over- 

worked branch. Ten years later, HMI Carson E1929, p. 231 reported that 

the 'normal minimum curriculum' included 'in almost all cases trig- 

onometry of a simple numerical kindt' though in the First Examination 

this branch was 'sometimes optional and sometimes absent. ' He 

referred to the spread of trigonometry and logarithms as 'outstanding 

features' of reform, with the initiatives coming from the schools, and 

the examining bodies gradually responding [p. 261 (see p. 56). However, 

London continued to omit trigonometry, in spite of the MA's pressure 

(see pp. 172-173). 

By 1930, seven of the approved bodies for the First Examination 

catered in some way for trigonometry, as an addition to arithmetic or 

geometry EMA, 1930a, p. 1471. The SSEC reported that it was 'now 

the common practice in schools to teach ... the use of numerical 

Trigonometry in pre-certificate Forms, ' though the examination questions 

were alternative and could be avoided [BE, 1932, p. 1141. The SSEC 

added that the eighth, unnamed, Body's res is tance was Q much to_ be 

deprecated' Ep. 1141, and felt that it was even appropriate to make 

numerical trigonometry no longer alternative. Eventually, in 1932t 

London changed its regulations to permit some trigonometry as an 

alternative in arithmetic ERetter, 1936, p. 2071. More boldly, the 

Jeffery syllabus subsequently gave a firm place to trigonometry and 

its applications, fused with plane geometry EMA, 1944b, pp. vi-vii]. 

By this time, some trigonometry for non-specialists was well 
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established, but what is striking is that the process of change 

spanned some twenty-five to thirty years. Paralleling this development 

was the movement to teach calculus more widely. 

Calculus in a General Education 

As with mechanics and trigonometry, there was no possibility of 

teaching calculus to a wider ability range until alternative approaches 

to the conventional academic treatment for mathematical specialists 

had emerged. Again, with the rise of engineering, technical education 

and science teaching, there developed alternative treatments of calculus, 

tailored to its applications, and exploiting numerical and graphical 

methods in particular. Perry's [18971 textbook for engineers exemplified 

a radical alternative to the severely analytic approach, and he also 

urged that a more intuitive treatment, limited to simple functions, and 

stressing applications, had much wider educational potential [1900a, p. 181. 

Some of his basic ideas were built into his scheme of practical 

mathematics (see p. 100). Thus, the earlier teaching of calculus 

became one objective within the Perry movement (see p. 247), and 

Bryan [19031 raised this possibility at an early stage in the Mathematical 

Gazette. 

Siddons [1936p p. 241 recollected his own experiences around the 

turn of the century at Harrow, where calculus was limited to a small 

number of scholarship candidates, who were principally being drilled 

in the mechanics of differentiation [1956, p. 168]. Siddons [1936, p. 241 

admitted that he first taught this branch to Pupils with very different 

requirements in science. However, in the period 1901-1904 geometry 

reform dominated the situation and there is no evidence of early 

concerted efforts to introduce calculus more widely in the schools. 

Interest became greater with the development of international influences 

towards the end of the decade. 

Godfrey [1908, p. 2591 reported that 'there is a strong movement 



316 

at the present day in favour of an early use of the calculus. ' Gibson 

[1908, p. 2151 confirmed that 'A very keenly debated question on the 

Continent at present is the introduction of the elements of the 

calculus into secondary schools, ' and'that 'The trend of opinion is 

probably in favour of its introduction (in France this has been 

effected); but agreement is by no means universal. ' Recent develop- 

ments in Germany were reported by Wallace E19101, and the new thinking 

was closely linked with the growing interest in functionality, which 

in this country helped to sustain the Perry movement's case for 

extending the curriculum to include calculus (see pp. 298-302). 

New approaches in this country were again being pioneered with 

naval cadets, through the efforts of Mercer in particular, at 

Dartmouth. The character of the resulting textbook by Mercer [19101 

was summarized by Godfrey [1912a, p. 1781: 

the most striking feature ... is that (in development of a 
suggestion originally due to Prof. Perry) all the main 
applications of diýferentiation and integration are exemplified 
without using any function more abstruse than xn. 

The treatment embraced kinematics, extrema, errors, and numerical and 

analytic integration, with various applications. The Civil Service 

Commission's examinations for the second division and for army 

entrance further stimulated innovation in calculus teaching, part?. 

icularly in public schools. Jackson 11912c, p. 3671 referred to their 

'marked effect on the introduction of the subject and an the lines 

which its development has taken' (see pp. 58-59). 

In his paper on calculus for the Special Reports, Jackson 

Ep. 3691 underlined the recent shift in attitude: 

Some years ago a boy would learn to find the n 
th differential 

coefficient of e-axcos bx before having any idea that the 

velocity of a body which fell 16t 2 feet in t seconds could be 
found by differentiation. As has been remarked by Mr. Eggar, 
such a course gave the impression of a cinematograph film whose 
time-sequence had been accidentally reversed. Professor Perry 
in his well-known treatise on the calculus initiated a reaction 



317 

By this timet in England, the rigorous treatment of calculus by pure 

mathematicians such as Hardy, who had been strongly influenced by the 

Continental analysts and had impressed his views at undergraduate 

level [Newman, 19481tand users of this branch such as Perry and 

Silvanus P. Thompson, whose Calculus Made Easy was published in 19113, 

represented sharply contrasting extremes ESchwarzenberger, 19801. 

Significantly, ' Jackson [1912c, p. 3741 remarked: 

To set up separate 'practical' and 'academic' courses in the 
calculus will deprive each party of valuable material and will 
repeat a mistake from the effects of which the teaching of 
mechanics has not yet recovered. 

Obviously, rigorous pure mathematical analysis was unsuitable as an 

introduction to this branch, but more practical and approachable forms 

of calculus had now emerged for possible adoption at school level. 

In the period 1907-1914, the Mathematical Gazette devoted more 

space to the teaching of calculus than to any other branch (see pp. 143- 

144), and this interest was paralleled by growing concern for new 

directions in algebra teaching. In particular, Godfrey E1912a, p. 1781 

was strongly influenced by Continental developments: 

The ideas ... of the calculus and a feeling of 
power of this new instrument are accessible to 
modest degree of manipulative skill in algebra 
necessary to tread for years the weary paths o 
factor, fractions and the like before becoming 
this rich country. 

the extraordinary 
a student with a 
*** it is not 

f highest common 
worthy to enter 

He drew attention to the introduction of some calculus an the classibal 

side in French lycees Epp. 179-1801, and he argued for the strong 

Loutlook' value of this branch, as the culmination of a disencumbered 

algebra syllabus, which should be infused with the idea of function- 

ality, to provide a hitherto lacking and unifying sense of purpose 

[Godfrey, 1912d, pp. 289-292,309-3111. Godfrey and Siddons [1913, 

pp. vi-vii] boldly included an introduction to calculus in their new 

algebra textbook, and, again, the Oxbridge Joint Board had lent some 

early support, from 1910, in its algebra syllabus for additional 
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mathematics [Retter, 1936, p.. 1281.15 

Durell [19121 opened a discussion an the earlier teaching of 

calculus at the MA's Annual Meeting, and he acknowledged the influence 

of Mercer, though had to admit that 'in England the movement is far 

from general; only a few schools have given it a serious trial. ' In 

particular, Godfrey, Siddons and Nunn contributed to a lively 

discussion, though the MA took no organized action at this time. 

Nevertheless, particular individuals continued to outline their own 

experiences and ideas. The Gazette included Jackson's [1913,1914a, 

1914b] scheme for school calculus, and one from Knowles [1913,19141, 

based on his experiences since 1907 with boys of sixteen in a technical 

day school. Nunn's [1910,1911b, 1913a, 19141 contribution at this time 

was typically rich and distinctive, with historical insights resulting 

in an unusual treatment of integration before differentiation, and he 

also advocated major innovations concerning symbolism. However, in 

relation to the schools, many of Nunn's ideas were no doubt fanciful, 

and, furthermore, the BE were not persuaded to broaden their mathe- 

matical requirements for the Teachers' Certificate to this extent 

(see P. G7). 

outside the public schools, the movement appears to have made 

little general headway up to the War. Fletcher 119121 actually used 

experience of calculus as one measure of a teacher's academic 

competence (see pp. 75-76), and he judged that: 

Few will need to teach Calculus at school, and there are 
plenty of well qualified teachers to deal with the few boys 
and girls who need to go as far as this at school. Ep. 951 

In girls' schools, Story [1912, p. 5521 merely reported that calculus 

was 'reserved for the scholarship candidate. ' However, the ICTM chose 

school calculus as a major focus for international comparisons (see p. 134). 

15 See p. 1G4. Godfrey and the HMC may have stimulated the Joint 
Board's initiative here. 
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Godfrey's [19141 resulting investigations provided much valuable 

data concerning the progress of the movement, but only in the case of 

the leading public schools. Calculus for mathematical specialists 

was well established; for future engineers and army entrants it had 

developed over the previous fifteen or so years; and from the age of 

sixteen for non-specialists it was 'a more recent movement' [p. 2351. 

He acknowledged: 

Perhaps the most powerful stimulus is that of the engineers, as 
represented by Prof. Perry. The physicists have long pressed for 
a modicum of calculus, and prefer to take it without too much 
mathematical rigour. 

However, Godfrey's own enthusiasm may have coloured his judgement 

concerning general English conditions. He claimed that "'Calculus 

for the average boy" is the keynote of the modern movement in 

mathematical teaching' Ep. 2351, and that the movement had received 

'general support' Ep. 2391. He added: 

In a few schools a preliminary course in calculus now forms 
an organic part of the curriculum for middle classes; in many 
schools there is a tentative movement in the same direction. 
Ep. 2351 

External examinations, apart from those of the Civil Service 

Commissionp were typically not taking the lead in this matter Epp. 239- 

2401, and, significantly, Godfrey remarked that 'the main obstacle 

is that most powerful force in educational matter - vis inertiae., 

Newer textbooks, particularly Professor Gibson's [19041 Introduction 

to the Calculus, and Mercer's [19101 treatment, had made some impact 

in the public schools, though older, more conventional treatments were 

still popular lp-2371. In secondary schools generally, the crowded 

curriculum, narrow examination requirements, the quality of the 

teaching force, and early leaving all inhibited the progress of the 

movement. However, attempts were still made to sustain the 

momentum through and after the War. 

Bayliss [19161 argued the case for his own First School Calcuitm 
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in the School World, and the subject was discussed at the BE's course 

for secondary teachers at Durham in 1920 (see P-81). New textbooks, 

such as Durell and Fawdry's [19231 continued to appear, and the latter 

author claimed that the number reaching calculus taught along the 

newer lines at public schools was 'steadily increasing' [Fawdry, 1924, 

p. 1371. More generally, HMI Carson [1929, pp. 26-271 subsequently 

claimed: 

This subject now stands where simple trigonometry stood 
fifteen years ago. It is 'in the air' for quite ordinary 
boys, and a small but increasing number of schools are 
actually attempting it with success, quite independently 
of any examination requirements.... 

Most First Examinations included some calculus, but only f or additional 

mathematics, and thus some progress had again been achieved 'by the 

act of the schools themselves' Ep. 271 (see p. 5G). The SSEC found 

wide variations in the provision made for calculus within additional 

mathematics, and reiterated the pre War arguments for simplification 

and broadening to produce a 'wider outlook' [BE, 1932, pp. 118-119]. 

However, calculus was still excluded from elementary mathematics for 

the First Examination. 

Again, the Jeffery syllabus represents the culmination of a 

movement, stretching over some forty-five yeers, to bring some 

calculus into a general secondary education. The Report [1944by 

p. iii] claimed: 

The most striking feature of the proposed syllabus is the inclusion 
of the beginning of calculus in the optional Parts of the 
papers-ee 

The underlying rationale closely recapitulated the arguments before 

the First World War, based principally on functionality (see p. 301): 

the intrinsic importance of the subject is very great. The 
transition from the static mathematics of the formula, which 
enables one quantity to be calculated when another is knownp 
to the dynamic mathematics of the function, which considers 
how one thing changes with another, is one of the chief ways 
in which mathematics has adapted itself to the consideration 
of practical problems. The ideas ... grow naturally and easily 
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out of the consideration of graphs which rightly now occupy 
so important a place in the elementary teaching of the 
subject. Ep. iii] 

However, convincing schools generally of the value of this wider and 

far from new innovation was a very different matter, within a much 

larger secondary school system, and one not now caught up in any 

general movement for reform (see pp. 296-298). 

In relation to the general broadening of secondary mathematics 

for non-specialists, this chapter has shown that the reform movement 

eventually achieved a fairly complete victory for trigonometry, only 

a partial victory in the case of calculus, and largely a defeat in 

the case of mechanics. The complexity of general change and its 

lengthy time scale are particularly striking features of the English 

pattern. Throughout the period, the three traditional branches 

remained the staple of general secondary mathematics, and some 

major features of change within these branches will be considered in 

the next chapter. 
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Chapter 8 

The Three Traditional Branches 

It is not a purpose of this thesis to consider the finer detail 

of developments in the teaching of the various specific topics which 

were traditionally grouped under the headings of arithmetic, algebra 

and geometry, and which largely persisted in the curriculum, though 

Possibly in modified forms. Various features of the reform of mathe- 

matical education, relating to these branches, have already arisen in 

the wider context of change, discussed in earlier chapters. In 

particular, one important development, considered in Chapter 7, was 

the growing flexibility in the relationship between the branches. 

However, there are a number of pedogogical trends particular to ý 

arithmetic, algebra and geometry, considered separately, which deserve 

to be brought into sharper focus. 
- 

In this chapter, many of these 

trends will be related to the wider forces and tendencies already 

considered, particularly from Chapter 5. Relatively stable states 

existed concerning content and methods within the three branches 

towards the end of the nineteenth century. It was against this 

stability that the reform movement reacted along organized lines 

discussed in Chapter 3. The full history of the development of these 

branches into their Conventional nineteenth-century forms will not be 

considered here, though some relevant sources will be indicated. 

Arithmetic 

Arithmetic became the most widely taught branch, aspects of 

which are involved in the history of infant, elementary, secondary, 

11 1 technical and teacher education. However, unlike the case of geometry, 

with the eventual abandonment of Euclid as a textbook and the adoption 

of practical geometry, there were no rapid and global developments in 

arithmetic teaching from the late nineteenth century, but rather there 

were a number of gradual and subtle transformations in detail. 
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A discussion of various treatments of arithmetic over the 

extensive period 1535-1935 has been undertaken by Yeldham [19361, who, in 

particular, draws heavily on the survey of textbooks by De Morgan 

[18471. Broadly speaking, the early nineteenth-century treatment was 

dominated by the specific requirements of commercial utility, the 

approach being anti-mathematical in its predisposition for an abundance 

of special rules, with a neglect of general principles [Williamson, 

19281. As such, the subject was spurned by mathematicians and was 

educationally held in low esteem as a narrow technical accomplishment. 

However, over the period 1830-1870, arithmetic became generally 

established as an examination subject, and newer, more mathematically 

orientated textbooks, such as those of Colenso and Hamblin Smith, 

blended techniques, principles and commercial applications CMA, 1919a, 

p. 9; Bushell, 1947, pp. 71-721.1 There is an interesting contrast , 

between the continuing commercial bias in nineteenth-century arithmetic 

and the general neglect of utility in algebra and geometry ELCC, 1911, 

pp. 16-171. By the late nineteenth century the popular textbooks of 

Pendlebury [1886,18991, in particular, followed closely the well 

established pattern. 

Various developments in arithmetic under the Elementary Codes 

were discussed in Chapter 2 (see pp. 15-23), and teaching methods during 

the period 1839-1890 have been explored in a thesis by Owen [19591. 

A useful outline of developments from the mid-nineteenth cen tury is 

provided in a paper by Flemming [19591, and Wingrovelt [19761 

dissertation focuses on twentieth-century arithmetic in London, with 

particular reference to the issue of standards. A more detailed 

analysis of developments in arithmetic over the period of major reform 

in mathematical education has been undertaken in an unpublished paper 

by Price 119801, which provides the basis for a number of the general 

1 Gray [1952, pp. 61-621 has described a parallel general nineteenth- 
century shift in arithmetic in Scotland. 
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conclusions which now follow. 

Some of the earliest enlightenment in arithmetic teaching 

concerned the infant stage, and gradually spread more widely to affect 

the teaching of older pupils (see pp. 185-189). Specifically, the 

newer concerns here were for motivation and the learner's involvement; 

more oral work and mental arithmetic, as opposed to mechanical cyphering; 

the use of concrete aids, to provide hand and eye training in particular; 

more work with smaller numbers to promote understanding; and greater 

attention to work in measurement as well as pure number. This last 

trend relates to the wider 'practical education' movement in particular, 

and to the growing demands of scientific and technical education 

discussed in Chapter 5. The work on measures in arithmetic was 

traditionally just a feature of computation, and the remarkable rise 

of 'practical measurements' and 'practical arithmetic, ' which brought 

with it a concern for processes of estimation, approximation, actual 

measurement and experimentation, has already been discussed (see pp. 

203-212). The newer emphasis on scientific rather than commercial 

utility gradually brought with it such advances as a more critical 

approach to units, and a growing interest in metrication; a shift of 

interest from fractions to decimals, with improved teaching methods; 

a more critical attitude to unwarranted accuracy in computation, and 

to problems with specially chosen numbers; and a wider use of 

calculating aids, particularly logarithms (see pp. 231-238). 
jr 

The historical development of the extraordinary English system 

of measures has been sketched by Cajori 11917, pp. 167-1791. One aspect 

of the reform of English and American mathematical education was the 

movement to make the teaching of measures more relevant and practical. 

Two specific goals here were the abandonment of outdated measures and 

the Introduction of metrication, which had become the general norm in 

scientific work and science education, as well as in the commercial 
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and general educational fields in most other than English-speaking 

countries. With a decimal numeration system there were obvious 

benefits to be gained from abandoning the older system with its 

multiplicity of units and exchange values based on no coherent 

general principles. Godfrey [1906a, p. 721 referred to the Ideclinist, 

arguments of engineers like Perry (seep. 189),, and added 'the remedies 

they urge are the mdoption of the metric system and the improvement 

of mathematical teaching. ' 

Support for the scientists and engineers was forthcoming from 

the Education Department, and subsequently the BE (see pp. 21-22), and 

from various individuals and pressure groups discussed in Chapter 3, 

as well as the Decimal Association from 1890. The interest extended 

to the system of coinage, and the great potential saving of time in 

education by eliminating the learning Of complicated tables and - 

algorithms was strongly urged. In 1897, a Bill was passed which 

legalized the metric system in trade, and the teaching of the metric 

system, linked with decimals, became an established part of arithmetic. 

Educational periodicals and methods books included various suggestions 

concerning teaching methods and aids for this topic. 

The British system of measures, however, still persisted, and 

efforts up to the end of the First World War to enforce metrication 

and a decimal system of coinage failed. The movement faded, and this 

country continued with its own unique system whose complexities 

continued seriously to encumber the teaching of arithmetic at all 

stages. Admittedly the British system had been trimmed, but the metric 

system was now an additional burden for mathematics teachers. On the 

credit side, there were some general gains from the shift of interest 

from fractions to decimals in arithmetic. 

The teaching of fractions had become an important and extra- 

ordinarily elaborate game during the nineteenth century. The main 
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advances here were reduced complexity, involving less emphasis on 

'skyscraper' types and multiple bracketing, with a more concrete intro- 

duction using pictures and diagrams, and a more rational treatment 

based on general principles, particularly equivalence. The importance 

of decimals, as opposed to fractions, gradually increased, with the 

former topic being introduced earlier. Other gains for the teaching 

of decimals include the exploitation of links with the numeration 

system for whole numbers, and with measurement and the metric system. 

Computational difficulty was slowly reduced and exact computation with 

recurring decimals gradually eliminated, with a shift to the more 

useful business of approximation. However, manipulative excesses in 

, fractions and decimals tended to persist, and were sustained by 

examination requirements in particular. 

The need for more attention to approximations in arithmetic was 

particularly urged by scientists and engineers. 
2 

One early general 

development here was the uncritical acceptance of contracted methods 

of calculating to a specified degree of accuracy (see p. 162). 

Subsequently, approximations were considered on a broader front, and 

more critically, including estimations, checks, errors and accuracy. 

Interest in contracted methods faded, and the use of logarithms 

became firmly established (see pp. 231-236). The growing interest in 

approximation eroded the nineteenth-century preoccupation with 

unwarranted accuracy and artificial exactness, and was part of a 

wider shift from commercial to scientific utility in arithmetic. 

The commercial element in arithmetic persisted, though gradually 

a more rational treatment was, adDpted, and a number of outdated and 

unreal commercial topics were slowly eliminated. 
3 Furthermore, the 

2 In his arithmetic textbook, Workman [1902, p. 2111 quoted Perry thus: 
'When I was at school the mean distance from the earth to the sun 
was stated as 95,142,357 miles. I wonder why furlongs and inches 
were not mentioned. The beat knowledge we now have of this distance 
is that it is not greater than 93 nor less than 92-j millions of miles. i 

3 See, for example, pp. 21-22 and p. 63 for some early changes in 
schemes for arithmetic. 
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wider new alternatives of 'household arithmetit. 1 for girls, and 

'arithmetic of citizenship' began to emerge (see pp. 156-157). As part 

of the shift from rules to principles, there was also growing resist- 

ance to the general classification of problems by type, with special 

rujus taught for each type. 
4 The newer interests were in more real- 

istic problems and the cultivation of general problem solving abilities, 

which reflects the Herbartian emphasis on ideas and thought processes 

discussed in Chapter 6. There was much lip-service paid from the 

1890s to the need for more common-sense, intelligence, and thinking 

from pupils in arithmetic, instead of the blind following of rules. 

Specifically, greater attention was paid to general principles, such 

as place value in work an whole numbers and decimals, equivalence in 

fractions, and ratio and proportion in commercial and other applications 

of arithmetic. There was also greater concern for explanations of the 

principles underlying various algorithms, and some processes such as 

extraction of cube roots, but not square roots, LCM and GCM, other 

than by prime factors, were eliminated. However, renewed concern forthe 

mechanical aspects of arithmetic is detectable from around 1910, both 

officially, and in the chosen foci for research (see pp. 25-27,286-288). 

Finally, arithmetic should be viewed not only in isolation but 

also as e'tool within the context of the mathematical curriculum as 

whole. This was one feature of the unification tendency discussed 

in Chapter 7 (see pp. 289-293). In particular, the links between 

arithmetic and algebra came to be exploited, as one of a number of 

general developments in_the teaching of algebra, which will now be 

considered. 

4 Pendlebury [188G] included sections on work, pipes, etc;; races 
and games of skill; hands of a clock; mixtures, previously termed 
alligation; areas of roams, carpets, etc.; areas of walls, 
papering, etc. He even added a section on pasture with growing 
grass in 18971 This pattern in textbooks persisted, with 
support from examination requirements. 
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Algebra 

In sharp contrast to geometry, the history of English algebra 

teaching has attracted very little attention, though an attempt to 

consider the historical development of traditional school algebra from 

its early roots has been made in a dissertation by Price 119741. The 

conclusions which follow are based largely on the material in Price 

[19741, though they will be related to a number of especially relevant 

features of reform already discussed in earlier chapters. 

In the early nineteenth century, some algebra became required 

of all students at Cambridge, and, with the general development of the 

examination system, algebra became firmly established"'n secondary 

schools for boys, and subsequently for girls, as part of the movement 

to eliminate major differentiation. A little conventional algebra also 

became a very popular 'specific subject, in elementary schools, part- 

icularly during the 1890s (see p. 18). The treatment of major nineteenth- 

century writers of school algebras from Colenso, in the 1840s, through 

Todhunter and Hamblin Smith to the hugely successful Hall and Knight, 

from the 18808, varied little, and paralleled the mathematical treat- 

ment of arithmetic, beginning with chapters on the four rules, and 

subsequently dealing with all the manipulative complexities of factors, 

GCM, LCM, fractions, involution (powers), evolution (roots), indices 

and surds. The solution of equations featured prominently, and, indeed, 

the solution of often artificial problems via equations was the only 

major use made of this complex machine, but normally this came only 

relatively late in the course [Wolff, 1915, pp. 54-55,88-91; Smith, 

1926, pp. 20-261. 

Traditionally, this branch was not related to arithmetic or 

geometry, its potential wider utility was spurned, and the highly 

abstract and specialized mathematical treatment could only be justified 

in a general education on the increasingly shaky ground of mental 
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discipline. In the early twentieth century there was a general reaction 

to the established pattern, and, slowly, there developed a search for 

new purposes to infuse the teaching of algebra to non-specialists. 

Some specific early advances relate to the wider unification tendency. 

The development of links with arithmetic brought with it a more 

natural transitional approach to the early stages of algebra, through 

Igeneralised arithmetic, ' as well as the more general tendency to 

larithmeticisel this whole branch (see pp. 292-293). 5 The concern for 

a closer relationship between formal manipulative algebra and the 

behavioux of numbers also raised important pedagogical problems 

concerning the generalizations of number, from the naturals to the 

reals, and particularly the case of negative numbers, as well as 

indices and surds. The possibility of a more rigorous treatment of 

school algebra, following the deductive ideals in geometry, and 

breaking away from the typically slipshod nineteenth-century textbooks, 

was explored and implemented in some cases [Barnard, 1907,19121 

(see p. 96). However, there were pedagogical objections concerning 

an uncompromisingly pure mathematical approach in a general education. 

Nevertheless, there generally developed more mathematical and 

pedagogical sensitivity concerning the placement and treatment of 

'directed' i. e. positive and negative numbers in particular, and 

their corresponding algebra. 

Another tactic which exploited the links with arithmetic, and 

provided important motivation, was the much earlier treatment of 

arithmetical problems, using algebraic methods, than was the 

conventional practice. Other connections with geometry and mensuration 

also developed. Specifically, the alternatives emerged of treating 

certain geometrical theorems algebraically, particularly those in 

Euclid II (see p. 115, note 49), and of exploiting the use of formulae 

and equations in work on mensuration. A further essentially geometrical 

5 See, in particular, the public schoolmasters' letter, p. 110. 
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development was the rapid and widespread adoption of graphical methods 

in algebra, involving the use of squared paper. 

The phenomenal spread of graphical methods in mathematical 

education was discussed in Chapter 5 (see pp. 228-231). Graphs were 

rapidly, enthusiastically and largely uncritically accepted in the 

early stages of reform. Predictably, however, there was over-indulgence 

and much confusion concerning purposes, with little early consideration 

of the proper place of graphical work in algebra. It was not the 

experimental use of graphs, on the lines of scientists and engineers, 

which made a major impact in mathematical education generally, but 

rather the use of graphical methods to bring a practical and geometrical 

dimension to the study of relationships and to the solution of equations. 

There arose two major shortcomings here. One was the predilection for 

the approximate graphical Solution of equations which could be fairly 

easily and precisely solved analytically. The other was the tendency 

to attack prematurely forms f(x, y)=O, which were general relations 

belonging to analytical geometry, and previously only considered by 

mathematical specialists. The subtle but important distinction between 

the more general relational forms f(x, y)=O and the particular 

functional forms y=f(x) was not generally appreciated. The letter 

became associated with the important concept of functionality, which 

subsequently provided a valuable general sense of purpose for 

'graphical algebra' (see pp. 298-301). 

Significantly, three Circulars of the BE 11909a, 1914b, 1925b] 

boldly tackled the question of purposes in graphical work. As well 

as the aspects already discussed, the BE pressed for the acceptance 

of graphs as a powerful pedagogical tactic to be woven into the fabric 

of algebra teaching, and not merely grafted on as an additional burden, 

albeit a novel one, which was common in the early years of reform. 

The BE suggested the use of graphs to provide intuitive support for 



331 

the generalizations of number and the laws of algebra, and for the 

treatment of powers, roots, indices generally, and also logarithms. 

The work on indices leading to logarithms, supported by the use of 

graphs and four-figure tables, brought further enlightenment into 

algebra teaching (see pp. 233-236). 

Another development in algebra teaching, which relates to the 

Perry movement and the need for correlation, was the increasing 

importance attached to the creation, manipulation and use of algebraic 

formulae, with examples drawn from mensuration and science in part- 

icular. Indeed, between the Wars, an important issue in algebra 

teaching was whether problems leading to simple equations or the 

development of formulae from various situations should be used to 

provide a purposeful introduction to algebra, in place of the older 

plunge into various definitions, followed by the four mechanical 

rules. This was one aspect of a wider discussion of the purposes of 

algebra in a general education, which developed in the early twentieth 

century. 

Although the links with arithmetical and other problems provided 

a sense of purpose for the beginnings of algebra, the problem of 

justifying the full machinery of algebra for the majority of pupils, 

who would never need it vocationally, still remained. In principle, 

Godfrey, Nunn, Whitehead and other leading thinkers in mathematical 

education provided a new rationale, which emphasized the important 

ideas and principles of this branch, in place of the older preoccupation 

with elaborate techniques, which could only be crudely justified as 

a mental discipline (see pp. 281-285). Functionality and the 'outlook' 

value of algebra were central themes, with the wider ambition being 

to extend the traditionally narrow confines of algebra to reach aspects 

of trigonometry and the calculus. The slow twentieth-century progress 

of these broader visions in practice was discussed in Chapter 7, and, 



332 

even within the traditional confines of algebra, general advances were 

limited, and lagged a long way behind the newly emerging spirit. 

HMI Strachan 11918, pp. 210-2171 judged that the traditional 

pattern of heavy manipulations in 'algebra up to progressions' [p. 2111 

was still the norm, though he regarded the introduction of graphs as 

'the thin end of the wedge for the break-up of the old wicked system, 

[p. 2121. However, even in the case of graphs, there had been reactions 

before the War, as well as accusations that manipulative skills in 

algebra as well as arithmetic were declining, as a result of reform 

Getting the balance right between techniques, ideas and applications 

was a long drawn out and continuing problem, there being the usual 

inhibiting factors. 

Examinations continued to test mainly what was easiest to assess, 

that is manipulative skills as opposed to understanding and applications, 

and a tendency persisted to demand a higher level of skill than was 

reasonable for average pupils. Thus the needs of the growing majority 

of secondary pupils continued to some extent to be sacrificed to those 

of the minority of potential future users of algebra. However, from 

around 1910 the MA in particular did much to persuade examining bodies 

to change their requirements in algebra, so as to reflect the newer 

emphases an formulae, applications and somewhat easier manipulations 

(see pp. 163-165,172-174). 
6 Much of the newer thinking was embodied 

in textbooks such as those of Godfrey and Siddons [1912,19131, and, 

subsequently, the very successful Durell [Bell, 19341, though much 

older textbooks, particularly Hall and Knight's 118851 continued to 

provide strong opposition, in spite of being infused with the 

nineteenth-century spirit. 
7 Teachers' conservatism was also a 

6 In the early 1920s, the algebra syllabuses of both the Oxbridge 
Joint and London Boards were redrafted [Retter, 1936, pp. 128-1291. 

7 According to Mumby and Norrie [1930, p. 3211, Hall and Knight's 
algebra textbooks for Macmillan 'continued to earn such vast sums 
that it became a family joke to name the statues at the entrance 
to their country seat, Birch Grove, after the two mathematicians. ' 
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persistently powerful force, and HMI Carson E1929, p. 261 referred to 

'the tacit refusal of teachers to limit the sy-llabus in algebra' as 

an outstanding feature of twentieth-century developments. The 

subject-matter of algebra had changed little, and still stopped at 

quadratics for the majority, with possibly also progressions. The 

main advances were in methods of teaching, and Carson judged that 

examination requirements were consistent with the expectations of 

the majority of teachers [pp. 23-261. He concluded: 

The truth is probably that [algebra] needs an outlet such as 
logarithms provided for the work in arithmetic. Compared with 
the size of the tool the pupils have made, as yet, but little 

use of it. Ep. 241 

Significantly, the Jeffery Report, and the resulting alternative 

syllabuses after 1944, implemented a wider view of School Certificate 

Mathematics, based on ideas and applications, and in both arithmetic 

and algebra there were still plenty of opportunities for pruning and 

simplifying an the manipulative side. The Jeffery syllabus adopted 

the general themes of 'formulae and equations' and 'graphs, variation, 

functionality, ' which had risen to prominence in the thinking concerning 

algebra teaching before the First World War EMA, 1944b]. Furthermore, 

Durell [19311 (see p. 270), whose various algebra textbooks enjoyed 

prolonged success after 1920, was far from being a pioneer as regards 

general ideas, but he very successfully reconciled the demands of 

various examination requirements and the needs of teachers and non- 

specialist pupils in the expanding secondary school system, capitalizing 

fully upon earlier contributions to the pedagogy of algebra EBell, 19341. 

Apart from the case of graphs, the dissemination of new ideas in the 

teaching of this branch was, as with arithmetic, a slow and complex 

process within the English educational system. The most dramatic 

developments, which concerned the teaching of geometry, remain to be 

surveyed. 
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Geometry t 

EUCLID'S ELEMENTS. 

By AN ANCIENT GEOMETER. 

Farewell! old Euclid: loved of yore, and may be loved again 
When our beatific vision sees thy plane surface, plain; 
Unfettered now, we range without thy limited confines; 
The concept had no breadth at all. We must have broader lines. 

We shun thy close restrictions, and thy ordered sequence, too: 
The ancient Greeks might learn to think; we've other things to do; 
Nor can we stimulate again thy sober mental Jay - 
Euclidian reasoning 'stupefies the normal British buy., 

No more we seek the famous pans when standing an the brink 
ITis but a shallow stream to cross, nor need the tiro shrink; 
Bring compasses and callipers and geometric tools, 
And waive eternal principle for briefly stated rules. 

so we close the battered volume; lay it high upon the shelf, 
And adopt more modern methods in our eager chase for pelf: 
Thus one more link is severed, and we hail our glad release 
From the intellectual thraldom of the glory that was Greece. 
[S. C., 19071 

This remarkable lament in the Journal of Education exemplifies well 

a new tension which developed between the classical and persisting 

Euclidean ideals and those of the Perry movement, which inspired the 

major early reforms up to 1905, discussed in Chapter 3. Given the 

character of developments in English geometrical teaching, it is not 

surprising that this branch has attracted more attention in the 

literature than any other. 

Cajori [1917, p-2811 referred to England as 'the home of 

conservatism in geometric teaching, ' and an American Report an geometry 

teaching highlights this conclusion in a useful historical sketch of 

contrasting nineteenth-century developments in France, Germany, Italy, 

England and America [National Education Association, 1912, pp. 5-321. 

The limited nineteenth-century achievements in England have been 

considered by Brack [1975b], and the period of resistance to change 

from 1868 was discussed in Chapter 3 (see pp. 84-94). Wolff 119151 has 
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also provided a valuable detached view of English developments in 

geometry teaching up to the First World War. After the War, two 

early masters' theses focused specifically on geometry. Fulford 

[19231 included much historical material, and he also undertook some 

early work in the experimental pedagogy of geometry (see p. 287, note 

37). Jackson's E19241 thesis provides a valuable historical survey 

of the development of geometry, from its early roots, and its teaching 

in England. This thesis also throws much light on both teaching 

practices and pedagogical thought in geometry, around the time of the 

publication of the Reports of the MA [1923b] and the AMA E19231 on 

'this branch. 
8 Aspects of the thinking which developed over the first 

quarter of this century have also been considered by Howson [1973b] 

(see pp. 169-171). To appreciate fully the magnitude of change in the 

teaching of this branch in the early years of this century it is 

necessary first to consider certain wider historical aspects of geometry. 

The thirteen Books, which constituted Euclid's geometry, were 

a monumental achievement in the logical systematization of then existing 

geometrical knowledge. As Eves E19721 has emphasized, the Greeks, and 

Euclid in particular, only indulged in 'material axiomatics', in geometry 

i. e. the logical organization of what were presumed to be geometrical 

facts concerning a physical reality. The general interest in non- 

Euclidean geometries did not develop until the nineteenth century, and 

it was only towards the end of the century that the view of geometry 

widened further to become one focus for 'formal axiomatics. 1 The 

concern now was to build internally coherent geometrical systems,, with 

Euclidean geometry as one of many such systems. The new canons of 

rigour in the foundations of geometry revealed imperfections in Euclid, 

which were overcome by David Hilbert in his famous Grundlagen der 

8 The recent dissertation by Eustice [19771 on geometry teaching, 
1850-1940, is less illuminating than the earlier theses of 
Fulford [19231 and Jackson [19241. 
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Geometrie of 1899, and alternative postulational treatments of 

Euclidean geometry soon followed. 

Although these higher mathematical developments in geometry may 

appear to have no relevance for school geometry and its reform, Brack 

[1975b, p. 211 has suggested that 'the appearance of other logical 

geometries ... helped to undermine the authority of Euclid as an 

educationally unique mind-trainer. ' Certainly, during the important 

debates of 1902, very occasional reference was made to the recently 

exposed logical imperfections of Euclid (see p. 110). However, the 

evidence does not suggest that either non-Euclidean geometries or 

foundational developments were important for the overthrow of Euclid 

as a school textbook. Indeed, mathematicians' reverence for Euclid1s 

achievement persisted [Burn, 19751, and T. L. Heath [1925, p. ix], in 

the preface to his new edition of the Elements, remarked: 

Euclid is far from being defunct or even dormant, and ... 
mathematicians will find it necessary and worthwhile to come 
back again and again, for one purpose or another, to the twenty- 
two-centuries-old book which, notwithstanding its imperfections, 
remains the greatest elementary textbook in mathematics that the 
world is privileged to possess. 

The earlier quoted lament (see p. 334) is also implicitly eulogistic 

concerning Euclid. Furthermore, in sharp contrast to the foundational 

interest in eliminating geometrical intuitions, and even eschewing 

diagrams, twentieth-century pedagogical trends were in quite the 

opposite direction, and there gradually developed a freer use of 

intuitions, a more flexible view of 'proof, ' and a broader basis of 

assumption, with less interest in proving the relatively obvious. 

Here, Fletcher, in the BE's [1909a, p. 5; 1914a, pp-8-11,17-211 

important Circulars, cleverly drew attention to the nature of found- 

ational developments as a justification for turning away from the 

foundations in school geometry, and following the above-mentioned 
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trends instead. 
9 The newer thinking and tendencies in teaching 

followed the abandonment of Euclid as a school textbook, and the 

general adoption of practical geometry. The nineteenth-century 

divorce of these two aspects of geometry, the theoretical and the 

practical, warrants some further discussion. 

Parallels have already been drawn between developments in the 

teaching of geometry and mechanics (see pp. 125-127,212-216). 10 
As has 

been shown, there were formidable difficulties involved in making the 

latter more practical in mathematical education, and progress was very 

limited. However, whereas practical mechanics involved relatively 

elaborate apparatus, geometry could be made more practical through the 

use of very simple aids and instruments in ordinary mathematical class- 

rooms. Nevertheless, as long as various editions of Euclid were being 

used in the schools, such as those of Potts, ColensO, and Todhunter, 

building on Simeon's edition, and the various parts of Euclid provided 

by Hamblin Smith and Hall and Stevensin the late nineteenth century, 

the links with practical geometry were not exploited [Wolff, 1915, 

pp. 50-54,88-901.11 In this connection, Euclid's attitude to geometrical 

constructions needs to be explained. 

Euclid postulated that just three constructions could be 

performed, with the aim of building up all other constructions from 

these, with justifications. These postulates were that a straight 

9 Fletcher E19231 subsequently also wrote an article for the Gazette 
on 'A Method of Studying Non-Euclidean Geometry, ' but this was a highly speculative contribution in relation to school geometry. 

10 It was also argued in Chapter 7 that a necessary condition for 
broadening a general mathematical education, to reach such branches 
as mechanics, trigonometry and calculus, was the development of 
more practical forms of these traditionally specialist subjects, 
in their early stages. 

11 Euclid I-VI covered plane geometry, though Euclid's very complicated 
geometric theory of proportion, developed in Book V, was at an early 
stage regarded as unsuitable in a general education. Thus Book VI 
on similarity was often not reached, and the work was limited to 
some or all of Books I-IV (see, for example, pp. 18,45,62). Books 
VII-IX covered various topics now classified as the theory of 
numbers, e. g. Euclid's algorithm for the GCM. Book X dealt with irrationals, and solid geometry was not reached until Book XI. 
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line can be drawn joining any two points; a finite straight line can 

be continuously extended in a straight line; and a circle can be drawn 

with a given centre through a given point. Thus Euclid allowed himself 

just two geometrical tools, an unmarked straight-edge, and compasses 

that cannot directly transfer distances in the way that modern compasses 

and dividers can. His straight-edge was not a measuring instrument, 

and his compasses would collapse if lifted from the paper. Such 

practically unnecessary limitations were imposed as part of the pure 

mathematical predilection for deriving as much as possible, in 

_p_rinciple, 
from as little as possible. 

12 Thus, in Euclid 1.2. it is 

ingeniously shown that distances can be transferred using collapsing 

compasses, and this proposition is subsequently freely used. Actually 

_performinq, 
a construction, which might be very complicated with 

Euclidean tools, was not Euclid's concern. 

In establishing any proposition, the deductive development of 

the constructions was rigidly observed. Thus, in Euclid 1.5., the 

so-called pons asinorum, where it is shown that the base angles of an 

isosceles triangle are equal, Euclid employed a complicated congruence 

argument, which was necessitated by the fact that he had not yet 

established that an angle could be bisected. This was established 

later, as 1.9., to be followed by I. 10. an bisecting a line segment 

and I. 11. an erecting a perpendicular. With the abolition of Euclid 

as a school textbook, such constructions became freely admitted in the 

deductive development as ? hypothetical constructions' (see P. 117). 

The previous formidable difficulty of the Pons in pupils' early work 

in geometry is understandable, and Bushell [1947, p-771 recalled that 

this proposition was the subject of a famous Harrow School song, called 

12 Following Euclid, the potential of other sets of geometric tools, 
such as modern compasses only, fixed distance compasses, named 'rusty compasses, ' and the like, has been explored by pure 
geometers. This subject was discussed in Hilda Hudson's 119163 
Ruler and Compasses, in the Longmans, Modern Mathematical Series 
(see P. 269). 
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'Euclid, ' which was still occasionally sung in the 1940s. These 

early propositions in Euclid not surprisingly caused enormous 

difficulties for pupils beginning geometry and, as a Report of the 

LCC 11911, p. 171 remarked, 'A general belief grew up that geometry was 

beyond the grasp of the average mortal. ' Remarkably, the Euclidean 

disinterest in practical constructions persisted in English schools 

throughout the nineteenth century. 

Siddons [19528, p. 1541 recalled his own introduction to geometry, 

in 1889, as the verbal learning of a string of definitions, postulates 

and axioms, followed by Euclid's propositions from I. J., with no 

experimentation and no drawing. Yet the head of his school's depart- 

ment was Levett, a leading member of the AIGT (see p. 93). As late as 

Igoo, Mair [1900, p. 3891 reported in Nature: 

A few weeks ago I asked some hundred boys in a well-taught school 
(as present teaching goes) to give a certain construction of 
Euclid's, and also to carry out the construction with ruler and 
compasses on a given line. Hardly one failed to write out the 
construction and proof, but only one of the hundred carried out 
the practical construction. Clearly our present Euclidian 
teaching has little to do with geometry. 

The classically dominated public and preparatory schools showed the 

greatest conservatism. Bushell E1947, p. 691 recollected his own 

experiences as a pupil at Charterhouse: 

I left school in 1903, just when Euclid was being dethroned, 
and well do I recollect how in my last term Mr. Tuckey produced 
a ruler with strange markings on it. It was, of course, a 
protractor. In those days, brought up upon the purest Euclid, 
when protractors were banned and indeed unknown, I was 
dumbfounded at its appearance.... 

I 
However, outside the public schools the use Of' Protractors and other 

geometrical instruments became well established in the case of practical 

geometry, which was a subject unrelated to the teaching of Euclid. 

Henrici E1879, p. ix] significantly remarked that 'Geometrical 

drawing belongs ... to a branch of Geometry of which Euclid knew 

nothing, and where Euclid's propositions are of little use, ' and he 
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deplored the divorce of the science and art of geometry, which was a 

consequence of the continuing use of Euclid as a textbook (see pp. 95- 

96). The art of geometry developed an independent lines in the nine- 

teenth century, as the subject of 'practical plane and solid geometry, ' 

including the descriptive geometry of Gaspard Mange, and as drawing 

in various forms, all supported by the science and art examinations 

of the DSA, discussed in Chapter 2 (see pp. 27-31). The DSA did much 

to disseminate geometrical drawing in schools below the first grade 

as well as in training colleges (see p. 65), and, as part of the 

'practical education' movement, drawing in elementary schools made 

remarkable progress in the late nineteenth century, with support from 

the DSA and the Education Department (see PP-188-190). However, as 

Godfrey 11908, p. 2551 pointed out, geometrical drawing was: 

frequently taught as a branch of fine arts rather than as 
mathematics ... the worst feature was that 'geometrical drawing' 
came to be identified with a vast collection of special and 
unrelated rules; the educational value of the subject had sunk 
to zero. 

In particular, although practical solid geometry was being taught much 

More widely then Euclid XI, the treatment was generally unmathematical. 

Although the public schools were not influenced by the DSA, it should 

be added that the army requirements also promoted geometrical drawing 

for some pupils in such schools, before Euclid was abandoned [Fawdry, 

19011 (see pp. 103-104). 

These nineteenth-century developments contributed to the 

dissemination of geometrical instruments, including modern compasses 

and rulers, protractors of various kinds and dividers, as well as more 

technical drawing equipment, before the reform of the universities, 

examinations in geometry. 
13 HMI Brill [1901, pp. 279-2801 referred to 

the use of instruments by younger Pupils in some 'schools of science, ' 

13 For the full range of instruments and their uses in practical 
geometry see, -for example, Harrison and Baxandall 118991 and 
Harrison [1903b]. 
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and to the existence of some relevant textbooks for preliminary 

practical geometry- Significantly, a reviewer of some of the new 

geometries oF 1903 remarked in Nature E1903b, p. 1471: 

A PERSON may be a Cambridge Wrangler, and yet unable to make a 
simple graphical construction with accuracy. The ordinary 
schoolboy's knowledge of practical geometry is generally 
worthless or nil.... But this state of affairs is being 
rapidly changed. 14 

Harrison's [1903b] textbook on practical geometry contained a recommend- 

ation from Perry, who interestingly remarked that this subject was: 

no longer a mere collection of rules; it is now really an 
educational subject ... bringing [the student] into contact 
with many subjects through the common-sense application of a 
very few general principles. EpAxI 

However, the older influence of South Kensington tended to persist in 

elementary schools (see p. 303), and Branford [1908, p. 2551 could still 

refer to: 

secondary and technical schools and classes where we find a 
so-called 'Practical Geometry? taught, by pure rule-of-thumb 
methods, out of all relation to reasonably intelligent grasp 
of the reason 'why' .... 

of course, practical geometry rose to prominence because of its utility, 

but the new more generally practical tendencies in geometry teaching, 

particularly in the early stages, are also bound up with important 

developments in pedagogy ELCC, 1911, pp. 17-191. 

The consequences of the growing interest in practical teaching 

methods were more important for geometry teaching than for any other 

branch of mathematics in education. The importance of the 'practical 

education' movement and of the spread of heurism from science to 

mathematical education, particularly in the case of geometry, was 

argued in Chapter 5 (see pp. 185-199). A number of the ideals of the 

Perry movement were particularly relevant to this branch, and the 

titles of some of the new geometries after 1900 reflected these wider 

14 The reviewer sounds like Joseph Harrison [1903a] of the Royal 
College of Science, who had already reviewed some other new 
geometries for Nature. 
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influences (see pp. 225-226). However, the idea of basing the teaching 

of geometry an a practical foundation was far from new. 

In the same year as W. G. Spencer's E18601 extraordinary little 

book Inventional Geometry was published (see p. 193) another book, by 

W. D. Cooley, also appeared, in which an empirical approach using paper 

and scissors was implemented National Education Association, 1912, 

p. 251.1 
5 Furthermore, before the formation of the AIGT, F. E. Kitchener's 

E18681 Geometrical Note-book, which included many practical exercises, 

was published, and this writer collaborated with Wilson in a book 

entitled Experimental Geometry and the Use of Simple Instruments, a-s 

an Introduction to Theoretical Geometry [Fulford, 1923, pp. 120-121; 

Jackson, 1924, P-371.16 However, an American Report has concluded that 

'England was the last country actually to introduce propaedeutic 

courses in elementary instruction' [National Education Association, 

1912, p. 231, and it was shown in Chapter 3 that the nineteenth-century 

efforts to reform English geometry teaching were dominated by academic 

questions concerning axiom systems, proofs, deductive sequences and 

examining difficulties in demonstrative geometry (see pp. 84-94). By 

contrast, the new agitation for reform from around 1900, discussed in 

Chapter 3 (see pp. 97-115) capitalized upon educational arguments; the 

unsuitability of Euclid's level of rigour in schools was exposed, 

particularly in the case of younger pupils; the crude argument for 

Euclid as a mental discipline was undermined; and remarks such as 

Oliver Heaviside's E1900, p. 5481, in a reply to Perry, were now taken 

much more seriously: 

[geometry] is essentially an experimental science, like any other, 
and should be taught observationally, descriptively and 
experimentally in the first place. 

The new educational enlightenment, broadcast. by Perry in Particular, 

15, Much later, Harrison [1903a, p. 5771, in Naturep referred back to Spencer's book. 
16 Eggar [1903a, p. vii] acknowledged Kitchener's inspiration for his 

own practical geometry textbook. 
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was incompatible with the continuing use of Euclid as a school text- 

book, and the necessity of combining the practical and theoretical 

aspects was now generally accepted. This required the granting of 

freedom for teachers and textbook writers to experiment with various 

approaches, and this requirement was now judged to be more important 

than the possible complications in examining deductive geometry. 

Educational arguments largely won the day, and, with the benefit of 

hindsight, it does seem that the AIGT became unavoidably involved in 

the wrong kind of struggle at the wrong time. 17 

The rapid changes in geometry teaching up to 1905, involving 

examination reforms, textbook writing and pedagogical discussion on 

an unprecedented scale, and the further dissemination of geometrical 

instruments and aids, have already been surveyed (see pp. 115-121,148- 

149,160). 
18 Some other general features of the new geometry also 

deserve mention. The shift of interest from the rote learning of 

propositions, including Euclid's reference numbers, to understanding 

brought an emphasis on problem solving, that is the working of 

'riders. ' Also, more attention was paid to practical, numerical and 

algebraic exercises, which relates to the unification tendency,, and, 

furthermore, the links between geometry and arithmetic, algebra, 

mensuration, and, later, trigonometry came increasingly to be exploited 

(see pp. 291-298). The restriction to commensurable magnitudes and the 

use of algebra considerably eased the passage through Euclid's 

propositions, particularly Book VI on similarity, and facilitated the 

broadening of plane geometry EGodfrey, 1908, p. 2551. However, efforts 

to broaden further the curriculum, to solid geometry, made little 

headway, and Euclid's postponement of this subject until Book XI partly 

17 These conclusions are consistent with Godfrey's E1906a; 19oB, 
pp. 253-2571 assessment of the background to 'The Passing of Euclid. ' 

18 See also pp. 63-67 for the BE's changes in its examinations 
concerning teacher education. 
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accounts for this failure [Carson, 1912e]. The use of 'hypothetical 

constructions' brought further flexibility into the deductive treatment 

(see p. 338). It should be stressed that the subject-matter of school 

geometry continued to be a selection of propositions and constructions 

from Euclid I-IV and VI, as in the Cambridge Schedules for example 

(see p. 119). The major changes concerned teaching methods, and some 

reaction to the early enthusiasm for the practical aspects is evident 

from around 1905. 

As with graphs, practical work in geometry was initially accepted 

uncritically, with little fundamental consideration of purposes, and 

there was much variety in practices, particularly concerning the 

relationship with the deductive work. Reactions to the extent of the 

shift of interest from the theoretical to the practical in geometry, 

as part of a general reaction to the new practical tendencies, were 

discussed in Chapter 5 (see pp. 238-241,246). The so-called new 

geometry had become a subject for critical discussion, and, as well 

as concern for the practical bins, the problem of different deductive 

sequences also loomed large (see pp. 123-124,129-130).. 

The early examination reforms had only slightly relaxed the 

burden of learning geometrical proofs, and fifty or more might still 

be required for an examination. Furthermore, although the use of 

pupils' intuitions in geometry teaching was increasing, particularly 

in the case of the basic results concerning angles, parallels and 

congruence, formal proofs along the lines of Euclid I were still being 

demanded, and intuition was not initially regarded as an appropriate 

substitute, as this meant broadening the basis of assumption. 

Deductive geometry could still only be justified for its disciplinary 

value (see pp. 24a, 284), and the view that this would be reduced by 

moving further away from Euclid's pure mathematical ideals tended to 

persist. On the new alternatives in deductive geometry, Godfrey 
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[1908, p. 2561 remarked: 

As regards sequences of theorems, no system has found favour 
that can be called revolutionary; there has been no bold 

cutting adrift from the Euclidean tradition. 

Although Godfrey [19071 and others questioned the need for a new 

uniform sequence (see pp. 123-124,130), the case for uniformity 

continued to be pressed up to the 1920s (see pp. 168-169), and Bryan 

[1912c] in particular led a campaign for the re-establishment of 

Euclid's sEquence. However, the sequence issue largely concerned the 

fundamental propostions, and as Godfrey [1912e, p. 3571 pointed out: 

This endless controversy as to the best sequence in Book I 

arises from the impossibility of compromising satisfactorily 
between the claims of pedagogy and mathematical rigour. 

Significantly, Godfrey added that 'The Board of Education Circular 

simply cuts the knot, by treating these fundamental theorems as 

postulates., 

The central importance of the BE's Circulars on geometry for 

pedagogical progress in this branch was emphasized in Chapter 2 

(see pp. 40-41). The MA had not taken any lead, and the BE's E1909a] 

first Circular adopted an attitude in advance of general examination 

requirements and textbooks, and also refined the thinking concerning 

the relationship between theoretical and practical geometry. Three 

stages in geometry teaching were proposed for the first time. Briefly, 

the first is introductory, bringing in the fundamental notions and the 

use of instruments; the second intuitive and experimental, leading up 

to the fundamental propositions; and the last deductive, but using a 

wide base of assumption developed in the first two stages. There were 

many varied reactions to this Circular, which boldly provided a general 

sense of direction. 19 A writer in Nature [1914, p. 6861 judged that 

the Circular of 1909 had exerted: 

19 See School World [1909a, 1909b], MA [1910b], Godfrey [1910b] and 
Carson L1912J, who strongly argued the case for intuition in 
geometry (see p. 283). On the second Circular [BE, 1914a] see 
Parker [1915b]. 
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a marked and unquestionably beneficial influence on elementary 
[meaning secondary] education. We do not know of any geometrical 
text-book, published since that date, which has not taken account 
of it. 

As Retter [1936, p. 1371 has rightly suggested, 'It is difficult ... 

to overestimate the importance of the Board's Circular. ' 

Following the GE's [1909a, 1914a] Circulars, examining bodies 

gradually relaxed their requirements concerning proofs of the funda- 

mental propositions, and clarified their general expectations in 

deductive geometry EMA, 1930a] (see pp. 164-165,168-169). As HMI Strachan 

[1918, p. 2081 suggested, the best way forward was to turn away from 

the foundations, and he added 'Probably we shall never be happy until 

we get right away from the Euclidean tradition. ' Strachan judged the 

sequence issue to be relatively unimportant Epp. 203'-! -2041, though the 

AMA and the MA become involved here in the 1920s, and the detail was 

explored in Chapter 4, as was the character of the MA's late and 

controversial contribution to pedagogy in this branch (see pp. 168- 

171). HMI Carson [1929, p. 261 noted some tendency to go beyond Euclid 

I-IV and VI, to study curves other than the circle and some descriptive 

geometry, and he guessed that 'teachers may be deciding unconsciously 

that further study of the axioms, is, for the present, the flogging 

of a dead horse. ' 

Between the Wars, the BE's Circulars, HMIs, the AMA, but not the 

MA initially, examining bodies and textbook writers all contributed 

to the general, but only gradual, tendency to ignore foundational 

difficulties and to omit the full systematizing stage of deductive 

geometry in the Euclidean spirit. After the Second World War, Tuckey 

11951, pp. 236-2371 judged that the sequence issue was now 'out of 

date' Ep. 2371, and that the earlier twentieth-century ambitions in 

deductive geometry had been generally moderated. He referred to a 

continuous movement: 
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away from the formal setting-out of a series of propositions 
in logical sequence as in Euclid's Elements and towards the 
somewhat haphazard discussion of various geometrical properties 
arrived at by methods which permit the use of algebra, trigonometry 
and perhaps accurate drawing ... at the start of the century a 
pupil was expected to learn the proofs of 100 theorems; about 
1925 teachers were content to exact proofs of about 50 theorems, 
while in 1951 they consider themselves fortunate if their pupils 
master a dozen. Ep. 2361 

In particular, drastic pruning of the number of required proofs, as 

opposed to riders, was a feature of the alternative Jeffery syllabus 

and Durham's early experimental scheme for the First Examination (see 

pp. 296-297). These alternatives also brought in a little solid geometry, 

and, generally, had largely departed from the Euclidean tradition. 

The pattern of developments shows that half a century after Perry 

had launched his campaign to get rid of Euclid as a school textbook, 

and, more radically, to eliminate formal deductive geometry, the 

strength of the hold of this aspect of mathematics in secondary 

education was markedly weakening. However, during the early twentieth- 

century period of major reform, deductive geometry continued to feature 

prominently and seriously inhibited efforts to broaden the mathematics 

curriculum. Nevertheless, the successful campaign for practical and 

experimental geometry brought with it a gradual appreciation that proof 

can involve different kinds and degrees of conviction, and paved the 

way for the creation of pedagogical models of stages in týe teaching 

of this branch. At least there was now a better chance of many more 

pupils learning something of the properties of space, and of the spirit 

of both inductive and deductive thinking in mathematics through geometry. 

It has been the major purpose of this chapter to show that the 

general twentieth-century trends in the teaching of arithmetic, 

algebra and geometry were not haphazard and unrelated in character, 

but largely followed the various pedagogical principles which had risen 

to prominence before the First World War. The general implementation 

of change was often slow and complicated, and, in some respects, the 
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process continued long after Perry's death in 1920. The strength of 

the Perry movement as a force gradually faded, but what is remarkable 

is the extent of the similarity between the trends in the thinking and 

practices within the three branches, and Perryls scheme of elementary 

practical mathematics, taken in conjunction with the ideals of the 

movement which he inspired (see pp. 100,225). 
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Chapter 9 

ConClUBion 

This thesis is offered as one case study in the growing field of 

curriculum history. It has been limited to one school subject, though 

the links between mathematics and other subjects, particularly science, 

have emerged as important ones. The study has been limited to English 

mathematical education, though, here again, links with other countries 

from around 1908 have been shown to be significant for the refinement 

of pedagogy, and particularly in the cases of intuition and experiment, 

functionality in algebra, and the earlier teaching of calculus. Much 

of the discussion has concerned the period 1900-1914, which Was one of 

unprecedented innovatory activity. Fortunately, this period also 

generated an abundance of source material, which has been used to 

assess Various aspects of the progress of reform. The period of largely 

consolidatory activity after the War has been harder to assess, with 

rather limited evidence concerning the state of curricula. However, 

the often formidable difficulty of implementing general curriculum 

change within the distinctive English educational system has been 

demonstrated in various cases, such as the broadening of elementary 

school mathematics; the adoption of mathematical tables; the wider 

teaching of trigonometry and calculus; the unification of mathematics; 

effective correlation with other subjects; and the teaching of mechanics. 

The late nineteenth-century failure to achieve a major breakthrough in 

geometry teaching has also not been neglected, and various contrasts 

here with the period of relatively rapid and general change, between 

1900 and 1905, have been emphasized. 

Because of the richness, variety and complexity of the develop- 

ments affecting mathematical education during the early twentieth 

century, an analytic approach was adopted for the previous chapters. 

Clearly, a simple linear account of 'progress' would have been 
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inadequate, though the purpose of this concluding chapter is to high- 

light certain major features of curriculum change and to raise some 

issues which appear to be of more general significance. 

The historian G. R. Elton [1967, p. 1701 has argued that 'biography 

is not a good way of writing history, ' and his conclusion fittingly -- 

applies to the history of periods of major curriculum change. Various 

individuals with contrasting backgrounds have risen to prominence in 

previous chapters, and their lives and contribution to mathematical 

education have admittedly received scant treatment in the Appendix. 

However, it has been a deliberate tactic in the writing of this thesis 

to bring to prominence the endeavours of one man in particular. 

This writer freely confesses his sympathies for the engineer and 

educational reformer John Perry, though the possibilities of resulting 

bias in the evidence presented and the questions chosen for pursuit 

have at least been recognized. Certain individuals may become 

principally associated with some more general endeavour in curriculum 

history, such as Armstrong and heurism, and Froebel in infant education. 

What seems extraordinary is that Perry, an engineer, a pioneer in 

technical education, and certainly not a member of the establishment 

of $mere mathematicians, ' became associated with a general 'movement, 

to reform mathematical education in this country and abroad. Frequent 

references were made to Perry and the 'Perry movement' by various 

writers before the First World War, who were caught up in the period 

of reform. This movement is certainly not a hypothetical construct of 

the present writer. It has also become clear that during the years of 

early major reform up to 1905 most of the important developments arose 

outside the academic mathematical community, with Cambridge, the AIGT 

and later MA, and the public schools exhibiting markedly conservative 

tendencies, as was demonstrated in Chapters 3 and 4. It was certainly 

not a case of a closed mathematical system engaging in curricular 
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renewal from within. A simplistic model such as this does not fit the 

reality of curriculum change in the critical years around 1900. 

Before reflecting upon the character of actual change, some 

distinctions need to be made concerning the concept of 'curriculum, ' 

which, even today, as Layton [1978, P- 1121 has remarked, I remains disturbingly 

vague. ' Some recent comparative studies of change in mathematical 

education since 1960 have paid particular attention to the distinctions 

between the 'intended, ' 'implemented, $ and 'attained' curriculum 

[Institut f8r Didektik der Mathematik (IDM), 1980, pp. 267-2681. The 

distinctions here concern what is recommended, what teachers do, and 

what pupils actually learn. For the curriculum historian it is much 

easier to capture desired states than life in classrooms, though this 

writer has struggled to present both aspects throughout. There are 

formidable difficulties here, as much of the evidence concerns 

recommended or #innovatory, ' rather than 'typical' practices, and, 

furthermore, methodological changes are more elusive than those in 

scope and content. Writers in mathematical education are usually the 

innovators and enthusiasts, and, used as evidence, their contributions 

tend to produce a distorted picture of reality. Reports of HMIs and 

surveys of general practices provide more objective though often 

starker evidence. 

Another very important variable in discussing the curriculum 

concerns the question of mathemati. cs for whom. For example, there is 

not one fixed form of calculus, but a variety of approaches depending 

upon the teacher and learners involved. In this case, global distinctions 

can be made between calculus for technical students, calculus for 

mathematical specialists, and calculus in a general secondary education. 

More generally, in discussing the scope, content and methods of 

mathematics differences have emerged between elementary and higher 



352 

elementary schools, secondary schools, technical institutions, boys' 

and girls' schools, army classes and the naval colleges. The form of 

mathematics in education may very considerably across different periods, 

countries and educational institutions. In this connection, the early 

nineteenth-century period, the mathematical education of girls, and 

the forms of mathematics which developed for adolescents outside the 

public and secondary schools, are three areas which appear to warrant 

more detailed studies. Granted that different forms of mathematics in 

education may exist in a given period, questions then arise concerning 

the circumstances which produce the dominant forms in a given period, 

and the relationships between the forms. Far example, it appears that 

the form of secondary mathematics for girls gradually became congruent 

with the form for boys. However, a central theme in this thesis has 

been the exploration of the relationshipm between practical mathematics 

for technical students, mathematics for naval cadets and army candidates, 

and mathematics in,: a general secondary education. This theme provides 

one clue concerning the complex question of causation in the reform of 

English mathematical education, particularly in its early stages. 

The circumstances which led up to the dramatic developments in 

the period 1900-1905 can be considered from a number of different 

standpoints, yielding different kinds of explanation. To judge that 

major change was 'inevitable' is, of course, an historical non-explanation. 

However, judgements of this kind were made in the period 1900-1905, and 

writers referred to a 'general feeling of unrest and of misgiving, 

(see p. 92), and also to reform in mathematical education as 'part of 

a general movement' (see p. 123). Such remarks suggest that the 

accumulation of circumstances around the turn of the century was such 

that major curricular upheaval was very likely, and not only in 

mathematics. Two major features of education conducive to curriculum 

change generally at this time deserve to be highlighted. 
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The years around the turn of the century were traumatic ones 

for the structure end patterns of administrative control in the English 

educational system, the various features of which were discussed in 

detail in Chapter 2. Elementary schools were freed of the constraints 

of the system of payment for results, and curriculum innovation was 

actively encouraged by HMIs and the central authority, and by the new 

LEAs and their officers. The new system of secondary schools was being 

shaped and developed from the existing patchwork, and again innovation in 

the curriculum for the expanding influx of pupils into the new grant- 

aided secondary schools was also stimulated administratively. In 

technical education too, the new BE became involved in the dissemination 

of Perry's practical mathematics through the powerful controlling 

mechanism of its examinations in science and art. It seems reasonable 

to conjecture that an educational system in a state of flux is likely 

to be particulakly receptive to curriculum innovation. The administrative 

developments in secondary education were also accompanied by growing 

concern for the educational needs of the majority of pupils, particularly 

in the newer secondary schools [Carson, 1912e, p. 2721. The emerging 

concern for 'democratization' around 1900 (see p. 254) was one specific 

aspect of the generally developing 'enlightenment' in educational 

thinking. 

It is no accident that major reform in mathematical education came 

during the period of the 'new educationO There existed a general 

educational 'climate' likely to be receptive to various kinds of 

curriculum innovation towards the end of the nineteenth century. Various 

features of the 'new education' relevant to mathematics were distinguished 

and explored in Chapters 5 and 6. The refinements here come not only 

in educational theory and pedagogy, but also gradually in the thinking 

of the professional body of teachers. Developments in the structure 

of and thinking in education were conducive to curriculum change generally. 
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Science education also developed markedly'during the period of the 

'new education, ' with specific and important implications for mathematics. 

One concern in Chapter 5 was to demonstrate that the influences 

of science education were real end important, and not merely some 

hypothetical factor in mathematical reform. Science teachers became 

involved in mathematics teaching and In the campaign for reform. - 

Practical and heuristic methods of teaching filtered through to mathe- 

matics from science, with tangible results in the teaching of geometry, 

mensuration and arithmetic, which were pursued in Chapter 8. During 

the second half of the nineteenth century the only kind of utility 

which was important in a general mathematical education was commercial 

and limited to arithmetic. Scientific utility was a new consideration 

which rose to prominence in the late nineteenth century and helped to 

disturb the balance in mathematical education. 

Thus far, three important new features of education which 

contributed to a state of imbalance in mathematical education have been 

isolated. The upsurge of individual and collective actions in the 

critical years 1900-1903 should be viewed within this wider context of 

receptivity to curriculum change. The nature of the campaign for 

reform in these years was explored in Chapter 3. Perry certainly 

emerges BB the prime mover in this period, who exploited fully the 

arguments concerning democracy in education, utility for science as 

well as engineering, and the need for more practical teaching methods. 

He also exploited the tactic of advocating his scheme of practical 

mathematics for all, and it could not be easily dismissed as a mere 

curiosity suitable only for engineering students. Rather, his scheme 

threw into sharp relief the serious deficiencies in the traditional 

'academic' pattern; it presented a real threat to the established scheme 

for secondary schools in particular and contributed further to the state 

of instability. Significantly, Godfrey, who emerged as the leading 
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agitator from the public schools, produced his own 'Compromise. ' The 

attack on the old order became more organized and it intensified. In 

parallel with these developments, examinations were reformed, and new 

textbooks, teaching materials and aids were disseminated. It W8B 

certainly not a simple case of a CBUBB1 chain of important events as 

the evidence in Chapter 3 demonstrates, though the extent to which the 

general developments in this period centred on the activities and 

thinking Of JUBt one man Is very remarkable. There still remained 

various problems concerning the general implementation of change; there 

was reaction to the character of the early major reforms; and there 

followed a period of evaluation, and refinement in thinking and practices. 

The difficulty of implementation in many cases, regarding both 

the time-scale and the extent of change in English schools has already 

been emphasized (see p. 349). However, in the cases of Euclid as a 

textbook, and the adoption of practical, numerical and graphical methods, 

change Was remarkably rapid and widespread by around 1905. It appears 

that the reforms here were long overdue in England and resistance was 

not a significant force to be overcome. The character of change was 

principally determined by teachers' interpretations of the new spirit, 

mediated through textbooks andthe crude but very powerful influence of chan- 

ged examination requirements. Here the quality of change depended 

fundamentally on the quality of the teaching force, and major problems 

concerning the supply and education of teachers were exposed in Chapter 

2. The new prescriptions largely concerned methods of teaching, and 

implementing heurism in geometry, for example, raised unsurmountable 

problems. Instead, there was a general tendency to graft an some 

practical geometry as an additional subject, divorced from theoretical 

geometry, as well as to add 'practical arithmetic' and 'practical 

algebra' i. e. graphs, again unrelated to the existing subject-matter 

in the corresponding branches. To interrelate profitably the 
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theoretical and newer practical elements required considerable mathe- 

matical and pedagogical sensitivity, which was only thinly distributed 

across the teaching force. The character of actual change was such 

that reaction soon set in, along lines discussed in Chapter 5. Two 

features of reaction in the case of arithmetic deserve to be highlighted. 

Like graphs, contracted methods of computation spread rapidly and 

widely in the early,. heody years of reform. However, during the 

subsequent period of reaction, whereas the role of graphs was merely 

reviewed and refined, contracted methods were actually rejected (see 

p. 162). Another aspect of reaction before the First World War was the 

growing concern for standards of mechanical manipulation in arithmetic, 

as well as algebra. The newer concerns for understanding and practical 

work had, it was claimed, reduced the attention paid to the pure 

manipulation of symbols. However, teachers' conservatism would probably 

have limited the extent of this shift in practice, with well-established 

textbooks and the important requirements of examinations contributing 

to the preservation of the. status qual. 

Examinations have emerged as a very powerful instrument regarding 

the implementation of change. The English examination system is unique, 

with the settlement of 1918 only a compromise, which preserved much of 

the independence of the university bodies, particularly concerning 

syllabuses and methods of examining in individual subjects. Before the 

First World War, the system was extremely complicated, but the important 

bodies were not slow to respond to the situation in mathematics, in the 

period 1900-1903. Examining bodies were generally conservative, in the 

sense of not seeking to force the pace of change in advance of persistent 

tendencies, in the schools, but the extent of their resistance to 

generally desired change is easily exaggerated, and provision was made 

for some variety in curricula. However, after 1903, it is evident that 

different bodies demonstrated different degrees of sympathy with the 
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schools concerning the accommodation of their requirements to various 

developments in mathematics teaching up to the 1940s, the cases of 

London and the Oxbridge Joint Boards representing extremes in this 

respect. This would seem to be an undesirable feature of the English 

system. The role of publishing houses, and their output, also warrant 

some general remarks. 

The role of publishing houses in relation to curriculum change 

is an interesting subject which could profitably be investigated 

further. The number of different houses which competed in the freely 

competitive and highly profitable field of school mathematics textbook 

publishing is remarkable. The size and variety of their output, 

particularly during the period 1900-1905, is also very striking. Of 

course, educational and commercial purposesImay conflict. For,, example, 

whilet a period of curricular upheavel. is clearly in the commercial 

interests of those houses which capture a major share in the new market, 

it is also profitable to sustain long runs for particularly successful 

books, thereby contributing to conservatism in the schools. The text- 

books of Hall, with various partners for Macmillan, and Pendlebury for 

Bell in arithmetic, are cases in point here. Such writers merely 

adjusted their nineteenth-century treatments to accommodate changes in 

examination requirements, and they continued to provide strong competition 

for new textbooks by younger writerei such as Godfrey with various 

partners, who started from scratch and sought to implement the newer 

enlightenment. Teachers' choices determined the successful textbooks, 

and these reflected the pedagogical preferences of the teaching force 

which often logged a long way behind the new ideals. The fact is that 

no mechanism existed for selecting the best textbooks and getting these' 

into the schools. Furthermore, the way good or bad textbooks are 

actually used by teachers in classrooms determines the quality of 

implemented change. Again, the teaching force itself is the key factor. 
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One other general feature of curriculum change remains to be considered. 

Along with the imelementation of change through examinations, 

textbooks and teachers' interpretations there also developed a growing 

concern for evaluation and refinement in pedagogy. The work of the ICTM 

from 1908 may be regarded as an exercise in international evaluation of 

the progress of reform. From around the some time, the BE and the MA 

made major contributions concerning the refinement of pedagogy, and 

influenced examinations, textbooks, and teachers directly. The character 

of the MA's work here was discussed in Chapter 4. The creation of the 

South-Eastern Association in 1911 also provides further evidence of 

refinement. The way in which various pedagogical developments, within 

the three branches and beyond, gradually affected the character of 

mathematical education was explored in Chapters 7 and 8. The process of 

refinement in pedagogical thought was a feature of the general emergence 

of mathematical education as a field of enquiry in its own right, which 

was discussed in Chapter 6. This phenomenon may be viewed as partly a 

response to the major curriculum developments in the early years of this 

century. 

It has been the principal purpose of this concluding chapter to 

bring into sharper focus the processes of causation and initiation,, 

implementation, reaction, evaluation and refinement in the reform of 

English mathematical education. To what extent this one case study may 

throw some light an more general patterns of major curriculum change is 

not for this writer to judge. Clearly, further detailed studies of other 

subjects, countries and periods, such as the last twenty-five years, need 

to be made. Waring's [19791 stimulating study of Nuffield Science and 

the various studies published by the Institut fUur Didaktik der Mathematik 

[19801 are recent examples. The value of ambitious general model building 

in the field of curriculum history would seem to be limited at the present 

time. Rather, it is the uniqueness of so many aspects of the reform 
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discussed in this thunis which is particularly striking. Passible 

generalization in a major and hazardous task for the future. 
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APPENDIX 

Bionrarihicnl tJDtel3 

Abbott, Purcivnl U1111ura ll(! nrv (1869-1954). 

Educated privately and Landon University BA, 1899. One year 
Uhitechapal Foundation School; Mathematics Master and Hand of the 
Mathematical Deportment, Polytechnic School, Regent St., 1895-1919; 
Headmaster or the Polytechnic School, 1919-1934. Leading member of 
the ATTI, and thn 14A, and editor of the Technical Journal; member of 
the SSEC and Conoultutiva Committee of the BE. -Textbooks on 
arithmetic, menouration, trigonometry and mathematics for technical 
students; on editor or Longmanal Modern Mathematical Series. 

0211nrd, Philip Onnuaod (160-1950). 

Educated lacul schools Macateg and Borough Rd. Training College; 
Landon University N1,1905, Gold Medal, and DLit, Carpenter Medal. 
Experience In Landon Schools, 1886-1898; Headmaster, Pupil Teachers, 
School, Tondu, G1nmorgun, 1398-1903; Inspector of Glamorgan Schools, 
1903-1905; Inupvctor or Landon Schools, 1906-1930. Many publications 
far Pupiln und tencheru, particularly concerning arithmetic in element- 
ary achoolu; booku an educational studies, including the new 
scientific paropuctiven. 

Branford, Hunchtira Bertrand Patrick (18GO7-1944). 

Educated Edinburgh University, MA. Lecturer, Victoria University, 
Leeds; Director or Higher Education and Principal of the Technical 
College Sunderland, 1901-1905; Inspector of London Schools, 1905-1929. 
Innovator in elementary, secondary and technical education. Publications 
an politico us well no mathematical education. 

Bryon, George Hnrtley (18GIo-1920). 

Educated Poterhouac, Cambridge University, 5th Wrangler, 1886, 
and Smith's Prizeman, 1839; FRS, 1895, and ScD, 1896. Fellow of 
Paterhouse, 1889-1895; Professor of Pure and Applied Mathematics, 
University College Bangor until 192G. Innovative President of the MA, 
1907-1909. Publications in thermodynamics and aeronautics; various 
mathematical textbooks in the University Tutorial Series, produced to 
further the work or the University Correspondence College, which 
catered for Landon University's Examinations. 

Carnon, Georne Eduard St. Lawrence (1873-1934). 

Educated University College, Liverpool, and Victoria University 
BSc; Trinity$ Cambridge University, 2nd Wrangler, 1896, and let Class'' 
Pt- 11,1897. Lecturer, University College Sheffield, 1898-1901; 
Scientific Adviser, J. H. Dallmeyer Ltd., 1901-1905; Head of the 
Mathematical Deportment, Battersea Polytechnic, 1905-1908; Head 
Mathematical Planter, Tonbridge School, 1908-1913; Reader in Mathematics 
and Lecturer in Education, Liverpool University, 1914-1917; HMI and Starr Inspector Mathematics. Founder of the South-Eastern Association of 
Teachers of Mathematicu. Many published papers an mathematical education and textbooks with the American D. E. Smith. 
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Dobbs. Uillitim John (16GO-7). 

Educated Uolverhampton GS and St. John1a, Cambridge University, 

9th Urangler, 1890. One year Tatnuo GS and Queen Elizabeth's School, 

Mansfield; Senior Mathematical Master, Messrs. Carlisle and Cregson's, 

Kensington, la92-1909; Oundle School, 1910; Second Moster and Chief 

P-athematicul 1-tauter, Holloway County Secondary School, 1910-1919; 
Part-timu Lecturer, Uandawarth Technical Institute from 1902, and 
Head or tha flathematicu Department, Wandsworth Technical Institute 
Secondary sciiaol from 1919. Leading member of the AMA and the MA, 

and examiner for the Civil Service Commission from 1911. Various 

papers and textbooks, und particularly innovative in geometry teaching. 

Durell, Clement Vnyquor (1802-1960). 

Educated Felated School and Clare, Cambridge University, 7th 
Uranglur, 1903, and lot Clean Pt. IIt 1904. One year Gresham's 
School, Holt; Winchester College from 1905, and Senior Mathematical 
Master from 1910, Lending member or the MA and also member of the 
London Hathur. 11ticni Society. First textbook, a collection of problems, 
190G# and vubnequently prolific output for Bell up to the 1960s. 

Ennnr, Uillijim bourilan (18G5-1945). 

Educated Brighton College and Trinity, Cambridge University, 13th 
Urangler, 1087, and 2nd Class Pt. II Natural Sciences Tripoo, 1888. 
Two years Briqhtan College and four years Wellington College; Eton 
calicon rrom 1895, and Senior Science Hastert 1911-1920. Founder 

member of* t1ju APrjSH, and also involved with the AMA, BAAS and Physical 
Society, London. Textbooks in physics, mechanics, geometry and 
algebra. 

Faudry, Reninn1d Chtirlun (103-1965). 

Educated Uorceater GS and Corpus Chriatil Cambridge University, 
27th Wrangler, 1897; London University BSc and Oxford University 
Teachor4a Diploma, 1899. Felated School Army Side, 1900-1903; Clifton 
College, 19D3-1933, and become Head of the Military and Engineering 
Side. Various mathematical textbooks, including some related to 

-0. practical matIlematir 

Findloy, Joacph John (1860-1940). 

Educated Kingawood School Both and Wadhom, Oxford University, 
lot Clooo Mathematics Modurations, 18alt and Ist Class Honours History, 
18133; June and Leipzig, 1B91-1893, study of education and PhD, 1893. 
Both College, 1884-18135; Headmaster, queen's College, Taunton and 
ucaley college, shorrield, Wculeyon proprietary schools, 1885-1891; 
Rugby School Mauter, 1093-1894; Lecturer, College of Preceptors, 1895- 
18913; fleadnauter, Cardiff Intermediate School, 1898-1903; Professor of 
Education, Mancheater University, 1903-1925. Visited America and 
reported to Bryce Commiscion, 11394-1895; member of various educational 
Gocietiea and numerous pnpara and books on educational studies -a 
Pioneer in elevating the status of this aubject. 
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Fletcher. Uillium Chnrlea (113G5-1959). 

Educated Kingswood School Both and St. John's, Cambridge 
University, 2nd Urangler, 180G, and lot Class Pt. 11,1887. Nine 
years Bedford GS; Headmaster, Liverpool Inutitute, 1896-1904; Chief 
HHi or Secondary Schools, 1904-1926, and principal creator of the new 
role for accandary HI-11a. Early involvement with the NUOME), Association 
or Headmuoters, and Moaclay Cormnlouion, 1903; loading member of the MA 
between the Wuro and President, 1939-1943. Various papers, particularly 
an geometry, und nuthor or the BElo important Circulars an secondary 
school milthemilticu; unuounl contribution on 'English and Mathematics' 
[19241 aloo diatributud by the BE. 

Forayth, Andreu Ruunell (1858-1942). 

Educated Liverpool Collegiate Institution and Trinity, Cambridge 
University, Gunior Urangler, Smith's Prizeman, and Follow of Trinity, 
11381; FRS, 11306, and numerous other academic honoura. Professor of 
Mathematics, Univernity College Liverpool, 1882-1883; Lecturer, 
Cambridge Univuruity, 10914, and Sodleirion Professor, 1895-1910; after 
a period in India, Prorucuor or Mathematics, Imperial College, 1913- 
1923. Active mumbur and Preoident or the I-1A, 1903-1905 and 1936-1937, 
and London Mathematical Society, 1904-1906; leader in the reform of 
Combridgulo school and univeraity examinations, and in the work of the 
BAAS concerning achool mathematics, 1901-1905. Research publications 
in the theory or dirrurential equations, complex function theory and 
higher guametry. 

Godfrey, Chnrlen (IB73-1924). 

Educated King Eduard'a School Birmingham and Trinity, Cambridge 
Univeraity, 4th Wrangler, 1095, and lot Class Pt. 11,1896. Three 
years Univervity College Cardiff, and part-time, Cambridge and King 
Eduard'o; Senior Hathcmatical Maoter, Winchester College, 1899-1905; 
Headmaster, Osborne RUC, 1905-1920; Professor of Mathematics, Greenwich 
RUC, from 1920. Dominont member of the MA, HMC and British represent- 
ative on the ICTH; Important influence an examining bodies, particularly 
the Oxbridge Joint Board. Large output of papers on many aspects of 
mathematics teaching, and numerous textbooks with various partners, 
particularly Siddona. 

Hardy, 
_ 

Godfrey Harold (1077-1947). 

Educated Winchester College and Trinity, Cambridge University, 
4th Urangler, 189a, lot Class Pt. 11,1900, Smith's Prizeman, 1901; 
FRS, 1910, and numerous other academic honours. Fellow of Trinity, 
1900, and Lecturer from 1906; Cayley Lecturer, Cambridge, 1914-1919; 
Snvilion Proreauar of Geometry, Oxford University, 1919-1931; 
Sadleirion Professor, Cambridge University, from 1931. President of 
the MA, 1924-1926, and London Mathematical Society, 1926-1928; 
campaigned for the reform of the Mathematical Tripas, and radical 
viewz concerning the effects or ouch examinations on English mathe- 
Matica; leader in the reform of university mathematics teaching, 
particularly in analysis; British representative an the ICTM. Prolific 
research output, principally in the theory of numbers and analysis, and 
very creative partnership with J. E. Littlewood. 
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Hobson. Ernest Uillinm (1856-1933). 

Educated Derby School and Christla, Cambridge University, 
Senior Wrangler, 1078; FRS, 1893, and various other academic honours. 
Follow of Chriatio, 1878, and Stakes Lecturer from 1903; Sadleirian 
Professor, 1910-1931. President or the London Mathematical Society, 
1900-1902, and the MAj 1911-1913; campaigned for the reform of the 
Mathematical Tripoo; British representative an the ICTM. Research 
principally in the theory or functions, and books on higher 
trigonometry, theory or series and functions, and harmonics. 

Jackson, Charles Samuel (180-1916). 

Educated Uppinghom School and Bedford GS , and Trinity, Cambridge 
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