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This paper begins by examining the growth and development of
scientific and technological studies 1n Enghish civic umversities in
the first half of the minetcenth century the factors which
hindered such growth the rate of production of graduates and
the opportumities available to them It goes on to contrast
scienufic education in England and Germany The ongins and
development of the German umversittes and techmical high
schools particularly 1n the context of chemical and engineering
education are examned

Prior to the nineteenth century the Enghish unmiversities had fulfilled
a variety of needs, as well as catering for the needs of the church, politics,
and the tradihional professions of law and medicine they also appealed
to the gentry as a means of social advancement The early pioneers of
the Industrial Revolution, on the other hand, were not university men and
owed hittle directly to the ancient uniwversities of Oxford and Cambnidge
which had neglected the sciences It was m the Dissenting Academies and
the provincial societies that science had found a natural home in the
eighteenth century, the disinterest of the universities was to continue well
into the nmeteenth century, the two London colleges, University College
and King’s College, doing httle to change this in their early days It was
not until the formation of the Royal College of Chemustry and of the
Royal School of Mines in the early 1850s that wnstitutions of learning
having some bearing on industrial needs were created in England

The older umversities were antagomstic to vocational trauung Therr
thinking, expressed most cogently by John Henry Newman, John Stuart
Mull, and Mark Patinson, was dominated by the 1deal of a liberal education,
the basis of which was the study of classics and mathematics This was
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considered to be an education fitted for a gentleman who might follow
it with further study to enter politics, the Church, law, or medicine
Most students, however, entered umversity only to be educated in the
right and proper manner as befitted a gentleman John Stuart Mill, 1n hus
inaugural address as Rector of St Andrews University, claimed that
umversities were not the place for professional education, the purpose of
unversity education rather bemng to inculcate a courteous and noble
beaning 1n the conduct of life and to produce capable, cultivated human
beings Newman, like Mll, opposed professional studies and wrote of
university education in terms of the acquisition of delicate taste and of the
cultivation of the mmd From around mid century onwards, this view was
increasingly opposed by a vociferous band of protagomsts, whose leading
exponent was Thomas Henry Huxley, who asserted that science had as
much value as had classics and mathematics as an ntellectual discipline
and that unwversity education should include professional and vocational
studies  Although the view of this ‘scientific lobby’ gradually prevailed,
there 1s hittle doubt that adherence to hberal traditions was a stumbling
block to the acceptance of science and even more to the acceptance of
technological studies

The acceptance of science was considerably hastened by increasing
concern engendered by the threat of foreign competition, in particular
the growing commercial power of Germany Durning the third quarter of
the century, Bntish industry began to be overtaken by Amencan and
German 1ndustry mn several major fields In the early part of the century,
the German school system had been reorganized, science being given an
important part in the cumculum The ensuing demand in the umversities
for sctence teachers together with the needs of a rapidly growing industry
were met by the addition of phlosophical faculties which were to produce
the cadres of new scientists Additionally, from 1820 onwards, there was
a parallel growth of techmical high schools — 1n essence technological
umiversities It was natural, therefore, for many English observers to view
with alarm the growing menace of German education, technology, and
industry

In England, the entrepreneur was blamed for his lack of scientific
knowledge and for a negligent attitude to science education The deficiency
1n graduate scientists, engineers, and managers was overcome for a time by
attracting German and Swiss tramed personnel but 1t could not be disguised
that an industnal economy was growing rapidly without a corresponding
mcrease 1n the umiverstty population to produce scientists and engineers
needed by more scientifically based industries It was thus the underlying
fear of German competition and the relative retardation of our industrial
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production vis a vis our competitors which led to a change 1n attitude to
science education and professional studies and provided the momentum
for the creation of new universities

The purpose of the first part of this paper 1s to examine the develop
ment of scientific and technological studies in the Enghsh civic universities
and the problem of the production of tramned scientific manpower, a
problem that the creation of the civic unuversities was intended to solve
A civic university may be defined as one which has 1ts onigins in community
mitiatives and which was dependent for financial support on local bustness
men and mdustrialists Manchester gave the lead with the creation of
Owens College 1n 1851 In the decade 1871-1881, six new colleges were
founded the Armstrong College of Physical Science Newcastle (1871),
the Yorkshire College of Science Leeds (1874), Firth College Sheffield
(1874), the Mason College of Science Birrmngham (1880), University
College Nottingham (1881), and the University College Liverpool (1881)
It 15 clear from the titles given to three of the colleges that the fostering of
scientific studies was therr principal aim, 1n order to attain university
status, arts faculties had to be grafted on to the ongnal science colleges

In the face of financial difficulties, an imperfect system of endowments,
mnadequate scholarships and research fellowshups, and the poor quality of
student entrants, the task of the new colleges was not an easy one That
they ultimately succeeded after a prolonged gestation period 1s evidenced
by the number of students who graduated in science and technology
dunng the period 1870 to 1910(10,910 m science and 3,420 m technology)
But merely to record the number of graduates in this way does not give a
true picture of the number of students who received some degree of
traming, for a number of reasons, degree successes formed only the tip of
the iceberg

SCIENTIFIC EDUCATION IN ENGLAND

The cwic unwersities

Although great advances were made in the adoption of a wide variety of
technological studies at university level as a result of the initiatives taken
by the civic umwversities, the credit for pioneenng the physical sciences
and engineering in England belongs to University College London (1826),
King’s College London (1828), and Owens College Manchester (1851)
Unwversity College London achieved the distinction of bewng the first
to appoint a professor of civil engineering when 1n 1840 it created a chair
in this subject (3) In 1847, a second chair — mechanical engineering —
was added A chair 1n chemistry was established when the college was

/
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founded and a second one — in practical chemustry — was created n
1844 An unusual move was the founding in 1878 of a chair of chemical
technology The governors of King’s College were also determined to
make engineering a distinctive feature of the teaching of their college and
Departments of Manufactuning Art and Machinery and of Land Surveying
and Levelling were set up, these were changed n 1866 to Departments of
Mechanical Engineenng and Civil Engineening respectively The college
was a pioneer 1n other directions, too, for 1t mnstituted the first university
chair of metallurgy 1n 1879 and the first chair of electrical engineening 1n
1890 The most significant contribution of Owens College lay 1n the field
of chemucal studres, under Sir Henry Roscoe a reputable school of chemical
research was estabhshed Roscoe was mnstrumental in attracting Carl
Schorlemmer, a German trained PhD, to the college as a lecturer in organtc
chemistry In 1874 Schorlemmer was appomted Professor of Organic
Chemistry This was the first chair of organic chemustry at an English
university and the lateness of the appomtment 1s indicative of the neglect
of organic chemistry mn the universities, a neglect which 1s difficult to
explam .

Turning to the newer civic colleges, one feature 1s found to be comnmon
to all of them, namely the slow rate of growth of the numbers successfully
completing degree courses In addition to degree programmes, colleges
had also established a vartety of courses which met local needs and which
did not require such prolonged periods of residence as did the degree
courses

Common features were found m the studies offered by the colleges,
but a greater vanability 1s also apparent than was the case with German
umversities and technical high schools The reason for this 1s simple
Owing little to the intervention of central government, the civic colleges
were essentially local creations and responded to the industnial needs of
therr local communities Thus coal-mining was emphasized at Newcastle,
Sheffield, and Nottingham, metallurgy at Birmingham and Sheffield, and
dyemng and textiles at Leeds Another feature of the colleges was the
way 1 which they readily adopted non degree work One and two year
courses leading to the award of certificates, certificates of proficiency,
diplomas, or associateships of a college were found 1n mining, metallurgy,
brewing, vanous branches of engineering, naval architecture, agnculture,
dyeing, textiles, and leather industries Between 1887 and 1917, some
nineteen of these were estabhshed at Newcastle, Leeds, Sheffield,
Birmingham, and Liverpool These often attracted a greater number of
students than did the degree courses
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Engineening studies became acceptable because of the pioneering efforts
of King’s College and University College London At each civic umiversity
the first chair was erther in civil engineenng or in mechanics or mechanical
engimeenng Electrical engineering developed later 1n the century and many
colleges appointed a lecturer in electrotechmcs, some of which later
became chairs King’s College (1890), Yorkshire College (1899), Liverpool
(1903), Burmngham (1905), Newcastle (1907), and Sheffield (1917)
Owens College, quite progressive m other branches of engineenng, lagged
betund m this, merely appomting a lecturer in electrotechnics n 1912

The appomntment of a professor at Liverpool m the new discipline
of biochemistry stands out for its umqueness, Sheffield, for instance,
did not have a chair until 1945 Stnctly speaking, though, the distinction
of being first m this field perhaps ought to go to Birmingham, for in 1897
1t created a Chair of Brewimng and the Biochemustry of Fermentation But
what 15 so remarkable about the general development of chemistry education
1s the neglect of organic chemustry and the lateness mn the recognition of
physical chemustry as a subject in 1ts own night As late as 1900, there was
only one full professor of organic chermstry (Owens College) Liverpool,
Yorkshire College, and Firth College had lectureshaps 1n this subject and
the chemistry of dyemng was included at Owens and Yorkshire College
As for physical chemustry, we can find only one appointment other than
the chair at Liverpool up to the outbreak of the first world war and that
was a special lecturer m the subject at Sheffield

It may be that a fuller investigation would reveal perfectly valid reasons
for all the inconsistencies and divergencies revealed i a study of the
scientific staff of the civic universities One single factor which would
account for many of them 1s lack of finance, something all the colleges had
in common While college councils mught wish to put in hand certan
developments, the possibilities open to them in practice were often
dependent on therr benefactors and upon the local resources at thetr
disposal Thus at Leeds, the Clothworkers’ Company donated £15,000 for
the Textile Department and £2,500 for the Dyeing Department At
Sheffield, Sir Thorpe Mappin MP, a local cutler, gave £2,000 for the
founding of a Techmical Department, and the Drapers’ Company gave
£4,000 for a similar department in Nottingham, which also benefitted
from the local coal-owners’ guarantee of £300 a year for a Mimng
Department At Birmingham, the local brewers gave £28,000 for the chair
1in brewing

But whie wealthy industnalists, manufacturers, and merchants were
prepared to endow chairs, sometimes perhaps for reasons of prestige, the
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appomtment of lecturers and demonstrators was financed out of general
college funds Such funds were rarely m a healthy state — the accumulated
debt at Liverpool 1n 1901 was £11,000 (23) — and this meant that junior
posts were spread thinly At Liverpool in 189S, the ratio of yjumor to
professonal posts was 16 to 1, many departments consisting only of a
professor and one assistant That this was a general feature among the civic
universities 18 evidenced by the fact that the ratio for all science and
technology posts in 1894 was 1 7 to 1 (8)

The government played httle part in the ongins and development of
the provincial civic umversities, financial support was not forthcoming
until 1889 when the first Treasury grant in aid was awarded Government
resources were concentrated instead on the two London institutions — the
Royal School of Mines and the Royal College of Science, 1n 1889, govern
ment aid to these colleges was £14,000, a sum almost equal to the total ad
(£15,000) shared among all the civic colleges, and this was despite the
pleas of industriahsts that 1t was not in London that centres of science and
technology should be placed but in areas such as Newcastle and Sheffield,
1n close proximity to the major centres of industry

In 1907 the two London colleges were amalgamated with the City and
Guilds Central Techmcal College, founded jontly by the London Livery
Companies and the Corporation of the City of London 1 1884, to form
the Impenal College of Science and Technology This co operative venture,
involving the government, the London County Council, and the City and
Guilds College, paid off handsomely for 1t quickly became the leading
centre of science and technology and, by the outbreak of war, 1t had
nearly 40 full or assistant professors Its impact can best be seen 1n the
field of engineering for the number of candidates successful in the London
Honours BSc in Engineenng rose from a mere five in 1903 to 601n 1910,
and the College’s contnbution to thus figure was thurty (35) Between
1903 and 1910, the City and Guilds College had a clear dominance over all
other Colleges, producing 128 successes Its nearest nivals were University
College London (43 successes) and King’s College London (33 successes)
The East London Technical College, formerly the Finsbury Technical
College also founded by the City and Guilds, had 15 successes (35)

The subjects taught at the Royal College of Science prior to the amalga
mation of the three colleges had been mathematics, physics, chemistry,
and biology and, at the Royal School of Mines, geology, metallurgy, and
mining The School of Mines was the first mstitution to include the last
two subjects i 1ts curriculum and lecturers were appomted in them 1n
1851 The Central Technical College concentrated on engineering and 1t
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became the Engneering Faculty of the Impenal College following the
reorgamzation

Students at the three colleges were able to study for the BSc degree of
London Unwversity but each of the colleges had estabhshed separate
three or four-year courses leading to the award of college diplomas That
at the the School Mines, the Diploma of Associateship of the Royal
School of Mines (ARSM), was awarded to successful students after four
years, students studied mining, metallurgy, and geology, but specialized 1n
one of them In 1870, there were only seven successful candidates but
numbers rose gradually and by 1910 there were thurty-eight (16)

The Royal College of Science provided a three year course in the
sciences 1n which students speciahized in one subject They were awarded
the Diploma of the Associateship of the Royal College of Science (ARCS)
As with the ARSM course, numbers completing the course successfully
were few mitially and the first success was not until 1882, but 1n 1910
there were 50 Diplomas awarded, 16 of them in chemustry (15) The
Central Technical College, too, at the time of its foundation, inaugurated
three year courses m civil and mechanical engineering, electrical engineering,
and chemistry and these courses led to the award of the Diploma of
Associateshup of the City and Guilds Institute (ACGI) In 1910, there
were no fewer than 85 diplomas awarded in engmneering In addition to
degree and diploma students, others labelled ‘occasional students’ were
allowed to enter and study one or more special branches of science or
technology (15)

Graduate scientists and technologists represented but a small fraction
of all those who dunng the period under review receved some measure of
unmwversity traming The graduates were the elite or the fortunate, or
perhaps merely the “fittest’, for many students entered the universities on
a full time basis after years of attending evening classesat technical colleges
or the universities

Not all students entered for degree courses, other courses frequently
being more popular Among those who did enter for degree courses, the
number fimshing the course and graduating was for a long time only a
small proportion of those who began the course The ‘drop-out’ rate was
hugh, large numbers at one stage of the course 1n one session followed by
small numbers at the next stage in the following session

-
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Screntific manpower

Dunng the greater part of the nineteenth century there were few
openings 1n industry for scientists in general, and opportunities for research,
both at unwversity and 1n industry, were rare  This was less true of the
chemical industry For instance, Brunner, Mond, and Company at Northwich
and Joseph Crosfields’ soap manufacturers at Warrington, were keen to
employ scientists but were forced to rely on German-trained ones (5, 26)
Their experience was shared by Edmund Muspratt at Widnes In 1870,
when the total number of honours graduate chemusts produced by English
universities was 13, he was seeking a chermust for his Woodend works Thus
he found none to easy

Having so many new processes 1 hand I thought 1t advisable to engage
a well educated chemist as head of the laboratory at Widnes It was
difficult to find at that time a suttable man 1n England, and in Germany,
owing to the war, which had taken so many young men for service in
the army, 1t was difficult to find a young chemust willing to come to
this country  After some correspondence with Professor Knapp at
Brunswick Polytechmc, I engaged a Dr Junisch, who had been educated
at Berlin (25, p 149)

For many, the opeming up of the Dominion and South American
countries offered more attractive prospects than were avaiable 1n England
and this accounted for the high ‘brandrain’ of tramed manpower To
some extent this was offset by an influx of trained scientists from the
contmental countries, particularly Germany With the establishment of
the new ciwvic colleges, the growth of techmcal colleges, and the gradual
change 1n the attitude of the schools to science, opportunities in teaching
and lectuning became increasingly available The attitude of industry
changed also for, while earlier in the century there had been no very
great demand for scientists, there was now a greater readiness to undertake
organized research and this new attitude comcided with the production of
new cadres of tramned scientists One result of the availability of English
traned manpower was that progressive firms such as Crosfields’ of
Warnington, who had earlier employed German trained scientists, were
now able to replace them with men educated in the English universities

The scientific staff at Liverpool doubled between 1890 and 1900 and
doubled agam between 1900 and 1910 The year 1905 can be taken as
the point of transition at which the level of the work at Laverpool became
recognisably that of a modem university This conclusion can be taken
to apply to other umverstties also and the process was accompanied by an
upsurge of trained manpower from the umversities
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Durning the second half of the nineteenth century, the leading techno-
logical centre 1n England and the institution most likely to produce the
managenial technologist and scientific research worker was the Royal
College of Science and Royal School of Mines From a survey of the
careers of 850 former students (4), 1t 1s possible to draw certain conclusions
Of these 850 students, whose careers spanned a period of 40 years, only
170 (20%) had entered industry at some stage in their careers It 1s not
unreasonable to assume' that no other institution contributed as many
Of those who spent some time m industry, the majority entered mining
and brewing and frequently they held positions not in management or
research but n the mspectorate  Some 32% went abroad, either
mmmediately on qualifying or at later stages m their careers, and 28%
entered the teaching profession Some indications of research publications
are available and from these 1t would seem that no more than 75 (9%)
participated 1n research

A further source of information can be found in the Proceedings of
the Institute of Chemustry for the year 1901 A survey of 1ts 683 fellows
brought replies from 343, the majority of whom were engaged 1n academic
rather than industnal spheres No fewer than 66 had the degree of PhD,
which indicates the strong connections between chemical training and the
German umversities (Only 38 honours chemusts were produced by English
unversities 1n 1890 ) Thurty-three were on unwversity staffs, 23 m technical
colleges, and 84 were employed m laboratories of vanous description,
these mcluded the laboratory of Somerset House and public laboratornes
such as the rallways and borough council laboratones Fifty of the Institute
Fellows went abroad and an analysis of past students of the Liverpool
University Engineening Soctety from 1885 to 1912 also reveals that there
was a considerable ‘brain drain’ of graduates to the Dominions some
35% went abroad, which corresponds very closely to the 32% who went
from the Royal College of Science

The numbers of fully-trained scientists and technologists m England fell
far short of what was desirable 1n the last quarter of the nineteenth century
In 1910, the number of university students of science and technology was
about 3,000, whereas the corresponding figure 1n Germany was 25,000
(8, 19) On the one hand, there was a considerable wastage of scientific
talents, on the other, there were too many inadequately tramed scientists
For every student who graduated, there were several only partially trained,
either because they had faided the course or because they had been able to
attend only night classes
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One of the mamn objectives behind the creation of the civic universities
was the tramming of the scientists and technologists the country needed
The blame for not tackling this problem earlier may be attributed to
industry for not creating a demand for scientists, to the ancient universities
for paying too little attention to the physical sciences, and to successive
governments for their faiture to establish an efficient umfied educational
system It 1s certanly true that the intake of scientists into industry was
not very great but 1t may well have been that many firms had every wish
to employ scientists but were unable to because of the shortage of men of
the highest calibre It seems, therefore, that, while industry should not
be entirely exonerated, the major portion of blame should fall on successive
governments, for the civic universities were left to struggle on as best they
could facing immense difficulties in their attempt to achieve their mamn
objective More government money at an earlier stage, improved pnimary
and secondary systems of education, and a national system of scholarships
along the lines of the Whitworth Scholarships could have eased their task
Neither the Devonshire nor Samuelson Commussions (11, 12, 13) produced
a cogent analysis of England’s long-term needs for scientific manpower
The picture that emerges from this survey of the civic universities reflects
an absence of analysis and of planning, at the core of the problem was the
lack of a national blue-pnint based on national objectives The Impenal
College of Science, 1n which the government played a full part, showed
what could be done if the problems were tackled in a systematic way
The picture 1n England was in total contrast to that found in Germany

SCIENTIFIC EDUCATION IN GERMANY

The German universities, uniike their English counterparts, were
state sponsored institutions, bemng a direct responsibility of the Minister
for Education They had their ongms in the new movements of thought
which swept Europe in the fourteenth century By the beginning of the
nineteenth century, some 20 umwversities had been founded throughout
the states which later became unified to create the modern Germany
These universities were based on a four-faculty structure embracing law,
medicine, theology, and philosophy, the last of which was a late addition
being first established at Gottingenm 1737 It was through the philosophy
faculty that the German umversities attamned their greatest emunence,
this was attributable m large part to the role the umversities played n
fostening the study of science, which formed part of the philosophy
faculties In the rapid expansion of the umversities that occurred between
1820 and 1900, whilst student numbers rose five times, students in
philosophy faculties increased by a factor of ten
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At a time when German morale was low, following defeat at the battle
of Jena, Alexander von Humboldt (1769-1859) conceived the salvation of
the German nation as comung from the umversities through a combination
of teachung and research Influenced by the work of Joseph Louis Gay-
Lussac m Pans, von Humboldt did much to introduce empirical science
into the philosophy faculties of the German universities In these univers
1tres, theology, law, medicine, and philosophy were all held to be treated
‘scientifically’ and to form the umversal sum of human knowledge This
broad concept of science was termed Wissenchaft and was far removed
from the English and French use of the word science, meaning empirical
or ‘exact’science Humboldt spread the 1deas and methods of French science
m Germany Jons Jakob Berzelius exerted a strong influence too by hus wnt
ings but the most significant contribution was made by Justus von Liebig
(1803-1873), one of Gay-Lussac’s first students, when m 1826 he established
a chemistry laboratory at Giessen Chemustry, especially organic chemustry
{von Liebig’s special contribution) was to become the pre-eminent German
science  Von Liebig’s laboratory became a world famous international
training school and a model for others established later in the century

The unwersities

German universities dunng the nineteenth century were noted not only
for the excellence of their scholarship but also for the lavish sums spent on
them and the lgh status and earming power of their professors who, m
addition to salaries, received up to £750 in fees depending on their
reputation The most generous of the states was Prussia which m 1805
spent £15,249 on the umversities — a sum exceeding the first grant to
English universities in 1889 By 1880, Prussia was spending £350,000 on
its six umwversities  Berlin University seems to have been the German
university best supported by any of the states,1n 1876, 1t recewved 91% of
1ts mcome from state sources The corresponding figures for Halle and
Heidelberg were 65% and 41 percent The average figure for all the
umversities was 71%, 1n 1899 1t was 69 percent (9)

The excellence of the German universities must be seen of course against
the background of the remamder of the educational system, 1n particular
the schools Like the universities these too were state mstitutions,
estabhshed only with the state’s knowledge and consent Patronage by
church or private persons was rare The foundations of a highly structured
and well organized educational system was first laid in Prussia by von
Humboldt when he was placed at the head of the Prussian Education
Department in 1808 Thus became the model for the other states In 1817,
the Department became a separate Ministry and central control for the
schools was vested 1n the Mimister but his junsdiction over schools was

-~
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exercised through local departments For administrative purposes Prussia
was organized 1nto eight provinces, the provinces in tumn being sphit mnto
26 government distncts Each province had a school board and each
distnict a government district board

It was not only a matter of organization and administration, von
Humboldt gave effect to the mentocratic principle introducing nigorous
tests for intending schoolmasters and putting the Abitunentenexamen,
a secondary school leaving examination first introduced 1n 1788, on its
present day footing Taken in conjunction with the widespread provision
of schools at different levels, elementary, muddle, and secondary, this
ensured a steady supply of well-educated students with a sound theoretical
knowledge into the German higher-education system

Nothing approaching the extent of provision nor the degree of organiz
ation of the Prussian system was to be found in England untid 1902 There
was no doubt in the minds of a deputation from the City of Manchester
visiting Germany 1n 1896 that the key factor in Germany’s rise to industrnal
ermmnence lay 1n 1ts schoo! system

It 1s by no means a difficult matter to trace to the wnfluence of the
schools and the system of education generally, the improvement which
has marked the manufacturing progress of Germany It 1s lugh time
the effort was made 1n this country to give to our youth the educational
advantages which are enjoyed by their nvals abroad (22, p 18)

The Samuelson Commussion set up to mnquire into technical instruction
in England examned the school system 1n Germany Inits report, 1t stated

Secondary instruction of a supenor and systematic kind 1s placed within
the reach of the clldren of parents of limited means, to an extent of
which we can form no conception in this country (12, Vol 1, p 23)

The same lavish expenditure that one observes in regard to the German
universities 15 found applymg to the school system Agan, this was
particularly true m Prussia But 15 was not merely a question of setting
aside certain sums of money, money was allocated according to pre
determined needs as Dr Rose recorded

The Prussian Education Ministry maintains that state aid must be
regulated by the needs of vanous localities and must not be simply a
question of the even distnbution of a certain amount laid astde for
educational purposes (9, p 24)
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The techrucal high school

Universities formed only a part of the German higher-education system,
which also encompassed trade schools, technical hugh schools, and speciahized
higher institutes of technology In contrast to the Englsh system, technical
studies were to be found not in the umversities but in the technical high
schools These techmsche Hochschulen were created between 1840 and
1890 by converting at enormous cost small trade or technical schools
established earlier in the century The first technical high school at
Karlsruhe established 1n 1867 had 1ts ongins 1n 1825 when 1t was modelled
on the French ecole polytechmque The one at Berlin founded as a
technical school in 1821, became a trade and building academy m 1871,
and ultimately a techmcal hugh school in 1881 The techmcal high schools
at Darmstadt (1883) and Stuttgart (1870) were founded ongnally as trade
schools 1n 1836 and 1840 repectively Between the formation of Karlsruhe
1 1867 and Dresden 1n 1890, nme technical high schools were estabhshed
— Aachen, Karlsruhe, Darmstadt, Dresden, Hanover, Berlin, Stuttgart,
and Munich

In most cases, 1t was merely a question of convertmg or extending
existing prenuses, albeit at conaderable expense to the authonties, in
other cases, entirely new buildings were erected Stuttgart, founded as a
Trades School 1n 1829, extended its buildings 1n 1879 at a cost of £75,000
New buildings were provided at Dresden (1875), Hanover (1879), and
Aachen (1870), where a new chemustry laboratory was built at a cost of
45,000 The Munich Technical High School cost the state £157,000,
that at Hanover £350,000 and a new building at Berlm £450,000 The
running costs, too, were largely provided by the state, the school at
Berlin, for instance, received 90% of its income from the state in 1876
The actual extent of state support vanied from one school to another
In 1876, it ranged from 25% to 93 percent

It appears that the motive underlyng this vast expenditure was quite
simple The technical high schools, according to the Samuelson Commuss-
10ners, were to umpart

a scientific tramning with its practical applications so that by thus means
a body of men might be educated 1n such a way as to make 1t possible
for continental states to compete with the workshop trained engineers
of England (12, Vol 1,p 192)

The techmcal hgh schools were not without their cntics, some of whom
claimed that the syllabus was too broad and candidates were being examned
in too many subjects To offset this, Prussia in the 1890s replaced the
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customary diploma course with a new one leading to the award of Doktor-
Ingenteur, set and marked by a state-examining body As well as a full
range of science and engneenng disciplines, the technical lgh schools
included special subjects in their curnculum — naval architecture (Berhn),
muning (Aachen), forestry (Stuttgart), and agriculture (Munich)

Whatever the demernits and deficiencies of the technical high schools in
German eyes there was nothing comparable to them n England and any
assessment of them must be set aganst the relative neglect of technical
mstruction i English untversities and the difficultres encountered m
establishing such studies within them By 1900, there were over 13,000
students attending the technical high schools which, without exception,
had highly qualified staffs (9, p 25) There were over 4,000 students in
attendance at Berlin alone in 1903 This school, Komgliche Technische
Hochschule at Charlottenburg, was perhaps the pnize among the techmcal
tugh schools It was a state institution under the direction of the Kultur-
minister (or Munster for Ecclesiastical, Educational, and Medical Affairs)
The school provided through a four-year course a specialized trainmng 1n
mdustrial subjects founded on a preliminary scientific educatton In
contrast to England, students came to the school well prepared having
previously been required to attend a gymnasiuum for mine years and to
pass the rigorous and demanding school leaving exammation Students at
the school m 1903 included archatecture (739), civil engineering (689),
mechamcal engineerning (1499), electncal engineering (321), naval
architecture (259), manne engineering (123), chemustry (181), metallurgy
(180), and some officers and engineers from the Navy (c¢f 6) The total
complement of staff, mcluding professors, Prvatdozenten, engineers,
lecturers, and assistants amounted to 402 There were 89 professors, 13
mn chemistry alone

The umversities and techncal hugh schools were the apex of a scheme
which provided for the entire higher and further education needs of the
German people The aim, as pomted out in a London County Council
report in 1914, was to build a great industrial nation ‘partly by the thorough
training of the leaders as experts, partly by the trammng of the middle
grade workers as thoroughly accurate and careful managers, and partly
by the tramnmng of all grades of workmen and mechamcs as skilled crafts-
men’ (21, p 1) The same view was expressed 1 another way by Mr Blaur,
Education Officer, London County Counci mn his introduction to the
London County Council report  Germmany, he said ‘s systematically
traming the whole nation in different ways for their different spheres’
(20, p 1) At the upper end, there were specialized hgher trade schools
in weaving at Berhn, Chemmtz, Krefeld, and Mulhausen Smmular schools
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existed for butlding, mining, and industnal art Long before the end of the
century, there were compulsory continuation schools catering for the 14
to 18 year old age group Employers of labour were obliged by law to
allow thewr employees to attend these schools or otherwise pay a fine The
system of apprenticeship as practised in England was unknown in Germany
There apprenticesmp was dealt with by statute and the apprentices were
compelled to attend contmuation classes for six to nine hours a week
At all levels, German education was characterized by a systematic
thoroughness and zeal

Chemustry and engineering

The universities, techmcal high schools, and higher institutes of technology
created for German industry an elite corps of lughly trained scientists and
technologists Matthew Arnold, after hus visit to the continent 1n the mid-
1860s, was of the opimnion that

1t is 1n sctence that we (1 e , in England) have most need to borrow from
the German unwersities (2,p 152)

But he also recognized that the root cause of the trouble in England lay in
the absence of an organtzed system of secondary schools and 1n the lack
of attention given to scientific education mn such schools

Our dishike of authonty and our disbelief in science have combined to
make us leave our school system  to take care of itself as best 1t
could Under such auspices our school system  has done and does
nothing to counteract the indisposition to science which 1s our great
intellectual fault (2, p 198)

Once the spint of exact science had become diffused into the German
universities they were prepared to look elsewhere and the desire to learn
from all quarters characterized the early decades of the resurgence of
German science The fruits of this resurgence were seen most clearly 1n
chemistry Chemical instruction in the German higher education system
was the object of much study by Enghsh observers during the second
half of the nineteenth century and many reports were produced by visiting
English deputations

Although the foundation for German chemustry, particularly organic
chemistry, was lad by Liebig at Giessen, chemustry was being taught
duning the eighteenth century at Jena, Marburg, and Gottingen and there
were chemustry laboratortes for the use of students prior to Liebig He
broke new ground by providing 1n hus laboratory a systematic traming 1n
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qualitative and organic analysis It quickly became an international tramning
school attracting students from many parts of the contment For Enghsh
chemusts 1t was the most advanced form of chemical instruction then
available Others followed Liebig’s example and dunng the period 1830 to
1870, Liebig, Hofmann, Bunsen, and Kekulé were responsible for training
up to 60 students at a time at Giessen, Munich, Heidelberg, Berlin, and
Bonn

James Muspratt, who 1s credited with bemng the ‘father’ of the English
heavy chemical industry, sent all four of his sons to be educated at Giessen
in preference to sending them to English university-type establishments
Other distinguished Enghsh chemnsts to be educated at German umversities
were Sir Edward Frankland (Marburg and Giessen), later Professor of
Chemustry at Owens College Manchester, Sir Lyon Playfair (Giessen),
later Professor of Chemustry at Edinburgh University, Sir Wilham Ramsay
(Heidelberg and Tibingen), later Professor of Chemustry at University
College London, and Sir Thomas Edward Thorpe (Heidelberg and Bonn),
later Professor of Chenustry at Yorkshire College Leeds

Dunng this penod the German chemucal industry became the envy of
every other industnalized country, being particularly ahead 1n the field of
artificial dyes and fertilizers It owed 1ts success to the extensive number
of highly tramned chemusts produced by the universities and technical high
schools According to Haber

A steadily increasing flow of well trained chemusts contributed matenally
to the rapid development of the German chemical industry m general
and the dyestuffs industry mn particular  Scientific education 1n
Germany and 1ts abuse or neglectin other countries played an important
role 1n the spread of industriahsation (14, p 71)

Shadwell claimed that

manufacture of chemicals alone has become one of Germany’s greatest
assets valued at £50 million a year — but secondary applications of
chermustry were still more important, including metallurgy, dyeing and
ous (32, p 426)

At one time 1t was estimated that there were 4,000 highly trained works-
based chemusts in addiion to pnvate chermusts, lecturers, and teachers
m Germany (21), some two thirds of the world’s chemucal research output
came from that country (9) A factor which helped 1n this, 1n addition to
extensive facilities and laboratones, was the wide range of qualified staff
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to be found 1n the mstitutes of higher education Berlin University alone
had a staff of 36 1n 1895 and there were no fewer than eleven professors
of cherustry despite the fact that the Technical High School also had six
In addition to covenng the conventional areas of inorganic, organic, and
physical chemistry, there were full time professorshups 1n chemucal
technology, metallurgy, electro-chemistry, and photo-chemistry, and
qualified lecturers taught the chemustry of food, of oils, and of agncultural
chemustry This division of responsibilities among a varniety of professors
was a feature which attracted the attention of the members of the Royal
Commussion on Techmical Instruction on their visit to the contment

This distibution of the teaching amongst professors, each of whom 1s
specially conversant with the detads of some portion of his subject, 1s
1n striking contrast with the English system, in which the instruction 1s
generally placed under the direction of one professor (12,Vol 1, p 192)

The large number of professors attached to each Department in the univer
sities and techmcal high schools was ‘yet another indication of the ample
supply of highly educated men available as teachers always to be found
in Germany,(12, Vol 1,p 192)

The disbelief 1n theory in England was nowhere more evident than in
the training of engineers In Germany, advanced and theoretical scientific
mstruction was the sime qua non of the traming of the best engineers
It was in engmneenng tramming that the differences between England and
German practices were most marked In England, 1t was based on a
system of apprenticeship to a practising engineer with the student paying
a premium

Young Englishmen and their parents crowd the doors of the offices
and workshops, offering premums of £300 or £500 for the mere
permission to pass three years inside the magic gates, which must
be passed to gan an entrance mto the profession (17, pp 200 201)

The general view in England was that theoretical knowledge was not
‘absolutely essential’ This could be picked up by ‘night-school’ study,
which after long arduous days at the factory bench boiled down to a
system described as ‘survival of the fittest’ and ‘throw enough mud and
some of 1t will stick’ As one leading engineer put 1t to Matthew Arnold

Qur rule of thumb has cost us dear already and 1s probably destined to
cost us dearer still  Our engineers have no scientific instruction and
we let them leam their business at our expense by ‘fule of thumb’
but 1t 1s a rumous system of ‘blunder and plunder’ (2, p 198)
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The apprentices were not always placed 1n the charge of someone competent

and willing, boys were allowed to pick up the technology of their trade

more or less as they pleased and according to their degree of motivation
Young men at the age of 18 enter the office of a civil engineer Usually
few questions are asked as to previous traming — the pupil 1s a sort of
nuisance m an office, only tolerated in consideration of the fee which
accompames him (17, p 201)

Germany, 1n contrast, estabhshed a quite rigorous system of theoretical
mstruction to produce a corps of state-tramned engineers (Baumeister)
After a successful gymnasum education and a year spent at a state
construction office, a student was allowed to enter the government school
of construction in Berhn (the Konmghche Bauacademie) where he spent
two years studymg science, engineering, and architecture At the end of
this, and if successful in the state exammation, he spent three years in
practical employment This was followed by two further years of study
and a second state examination Thus, the complete education of the
government engmeer occupled eight years from the time of his leaving
school

In England, 1t was not fashionable for boys to go from good schools
to study engineering A study of a representative selection of the leading
middleclass schools (Harrow, Eton, Rugby, Miil Hill, Marlborough College,
and Dulwich College) during the period reveals that less than 4% of those
leaving school entered the engineering professmn (30) Furthermore,
those who did so were ill-equipped to pursue such studies “Students enter
technical institutions ili-prepared and at least one year has to be devoted
to mstruction which ought to be secured beforehand’ (18, p 166)

The Bntish pioneered electrotechnics, yet by 1913 the output of the
Bntish electrical industry was only a third of that of the Germans and
its exports barely a half By the outbreak of war Britain was short of
Khaki dye, acetone for explosives, and magnetos for transport, as
Germany had become the chief source of supply (1) .

Clearly 1t could not be denied that there had been a decline 1n the rate
of increase of industrial production compared to Germany To attain this
state of affairs Germany had invested heavily in education, the central
state expending vast sums of money throughout the second half of the
century Nowhere was this more evident than in the case of chemical
education Dr Frederick Rose attempted to show the extent to which the
German chemical industries benefitted from the sums expended by the
German states on chemucal wnstruction
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The figures show that the Prussian state, m spite of the expenditure
already incurred and the leading position attamned by the chemical
industnes, 1s far from regarding the present admirable means of chemical
mnstruction as adequate for future contingencies  but 1s at all times
prepared for further lavish outlay should future developments reveal
this necessity (10,p 9)

CONCLUSION

Following the Great Exhibition of 1851, Lyon Playfair (later 1st Baron
Playfair) 1n a speech at the setting up of the Government School of Mines
uttered the following warning, ‘As surely as darkness follows the setting of
the sun, so surely will England recede as a manufactunng nation, unless
her industnal population become much more conversant with science than
they are now’ (29, p 1) History was to bear out Playfair’s prediction
At the time of his prognostication, Germany held a lowly position 1n
mndustrial production, by the end of the century she had attained ascendancy
n a number of fields (34)

We have already noted that the impetus to the rapid expansion of
university education 1mn England m the second half of the nineteenth
century was provided by the poor relative performance of British industry
after 1870 and the fear of German competiion In the twenty year
period 1860 1880, the annual percentage rate of industnial growth in the
United Kingdom was 2 4, whereas in Germany 1t was 2 7, for the following
twenty year penod, the respective figures were 17 and 53 (27) In the
steel industry, our production was surpassed by that of the United States
in 1886 and by Germany 1in 1893 The British chemical industry 1n 1913
accounted for only 11% of world output as aganst 24% by Germany
which also exported twice as much as did Britain (26)

Finance was one aspect of the problem (9) Matthew Arnold saw
other factors as inhubiting advance 1n England

There are two obstacles which oppose themselves to our consulting
foreign countries with profit One 1s our notion of the state as an ahen,
intrusive power in the community, not summing up and representing
the action of individuals but thwartingit  the other s our high opinion
of our own energy and prospenty (2,p 20-21)

In nothing did England and Germany differ in the mneteenth century
as much as 1n their attitude to education It was not only that attitudes
differed among those m positions of power and responsibility, favourable



SCIENTIFIC EDUCATION IN ENGLAND AND GERMANY 81

attitudes were widespread 1n German society and found at all levels
Mr Robert Blarr, Education Officer to the London County Council,
mtroducing a report on Technical Education in Germany and France
summarized the sttuation 1n the following terms

It will be observed how in Germany the state, munmcipality and the
employer have all come to beheve in education of all types The
organised efforts of the state and mumcipality are reaching every child
in a way that would hardly be credited in England  (where) we still
follow the plan of laissez-faire or go as you please (20)

This was the generally held view of contemporary observers Mathew
Armold came to the same conclusion on lus visit to the continent in
1868 ‘We have nearly all of us reached the notion that popular education
1s the state’s duty to deal with Secondary and superior instruction many
of us still think should be left to take care of themselves’ (2, p 186)

Arguments have raged as to the effects of the higher-education systems
of the two countries on thewr respective economnuc and industrial positions
The majouty of contemporary observers firmly believed that the key to
Germany’s success lay in her higher-education systein and pointed to the
madequate financial resources, the lack of planning, and the neglect of
research that charactenized the British system Professor Payne has written
that ‘the whole complex of circumstances that produced British pre
emmance before 1873 was fortuitous’ (28, p 51) It was, he argued,
historcally determined, the outcome of a number of favourable geographc,
commercial, and technological factors Education in England played no
part 1n the attanment of this industnal pre-eminence as the favourable
circumstances disappeared one by one Some present-day wrters argue
that improvements in higher education would only have had a marginal
effect on industnal production For instance, Michael Sanderson claims
‘that the connection between higher education and industrnial competitive-
ness was not always so close as the Victonians sometimes thought’ (31,
p 34) Inconnectton with the steel industry, Tem:n has argued that given
that Germany and the Umited States could assemble the matenals for steel
making as cheaply as we could and given tanffs and their large markets,
then shight relative differences 1n the quality or cost of producmg steel or
of the levels of hugher scientific education became irrelevant (33)

However, 1t 1s our contention that the state of affairs suggested by the
evidence put forward m this article did have a deletenous effect on British
industry and conferred a corresponding benefit on German industry In the
final analysis it amounts to no more than a statement of strong behef,
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for the relationship between education and industrial growth 1sinextricably
complex Support for our view however 1s found in Professor Margaret
Gowing’s assertion that a small group of histonans ‘do accept that Britain’s
fallure m the nineteenth century to develop the educational system
essential for national efficiency was a main cause of industnal decline 1
am on their side’ (7) As for Germany, Professor Musgrave considers that
that country ‘seems to have come nearer m educational terms to what was
economically appropnate He concludes that while the nature of the
educational system probably did not play a large causative role in
contemporary Bntish economic ills, 1t probably did play some part in
‘Germany’s remarkable leap nto the industnial world’ (24)
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