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Nineteenth-century scientific instruments in Spanish
secondary schools’

Josep Simon
José Ramén Bertomeu-Sanchez
Antonio Garcia-Belmar

The making of Spanish secondary schools

The idea of national "secondary education’ was developed and implemented
in Europe and the Americas during the nineteenth century. Although it followed
different paths, it was led by difTerent forces, and it offered a diversity of organisational
structures in different countries, the creation of secondary school systems was a general
phenomenon in this period.® In Spain, the first modern secondary schools were created
during the 1830s and 1840s. The most important development took place around 1845,
through the intervention of the state, after a reform promoted by Pedro Pidal, Ministro de
Gobernucion (Home Secretary), and his officer Antonio Gil de Zarate. New legislation
established the creation of a national sccondary school network aiming at providing
general cducation for the middle classes, who were considered to be those leading the
country and thus having an extensive effect on the improvement of the whole society.
In addition, general education was expected to provide an cfficient preparation for
higher education in the facultics of medicine, law, pharmacy and theology. The so-
called Pidal’s plan promoted the establishment of secondary schools in almost every
provincial capital, and in a certain number of other towns that were able 10 meet the
required budget and arrangements for the provision of premises and teaching stafl’’

By the middie of the nineteenth-century, 52 institutos (secondary schools) had
been created: eleven were associated with universitics (Madrid, Barcelona, Granada,
Oviedo, Salamanca, Santiago, Seville, Valencia, Valladolid and Zaragoza), from which
teachers. classrooms and scientific collections were ofien initially borrowed. However,
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most of the schools were managed by provincial administrations targeting the sons of
the provincial middle classes.* They were established in buildings confiscated from
religious orders by the liberal government, in old schools (sometimes previously
administered by the expelled Jesuit order), or in the buildings of former universities.
The cconomic basis of the new institutions was complex: the main resources were
registration fees and irregular funding provided by the municipal, provincial or national
authorities. Many schools also enjoyed income from lands or buildings confiscated from
the Church.* In addition (o these new institutions, there were many private schools,
commonly religious. These competed for the increasing number of middle-class
students, and occasionally even succeeded in defying the legislation and substituting
new secondary schools, becoming the only establishment of this kind in certain areas.

The number of studems enrolled in secondary education differed depending
on the school. By the middle of the nineteenth century, most of the provincial secondary
schools had enrolments of 90 10 120 students, although some centres (Palencia. Cacercs
and Murcia) had 150 and even 200 students (Huesca, Orense and Burgos). Other centres
(Albacete, Badajoz. La Laguna, Ciudad Real) had lower enrolments (between 40 and
6U or even less), in some cases due to the proximity of a university or an influential
religious school. By then, the total number of students who attended secondary
schools was between 11,000 and 12,000, increasing very slowly 10 18,000 by the end
of the nineteenth century. This number remained stable until the carly 1930s, when
the educational reforms introduced by the Second Republic dramatically increased
the number of secondary schools and their students.” The sociological portrait of the
studemts has not been studied in detail but they were definitively masculine and most
came from middle-class families.*

The curriculum of the new secondary schools was established by several
government plans during the nineteenth century. The sciences had an important driving
agency in the development of the modern curricula, but always in tension with the
traditional classical curriculum. In turn, secondary education played a fundamental
role in the configuration as disciplines of sciences such as physics and chemistry.® At
the beginning of the 1wenticth century, many liberal projects allocated a large space
to scientific subjects such as chemistry applicd to the arts, experimental physics,
mathematics and natural history. However, subsequent reforms limited their importance,
instead promoting a more humanistic approach, in which classical languages (mostly
Latin), grammar and literature, and ethics and religion played a major role. An influential
commentator, Javier de Quinto, former education administrator, and publisher and
editor of the Bolerin Oficial de Instruccion Piiblica," remarked that improving the
status of the sciences meant depriving that of the humanities, and that specialization
would deprive sccondary education of its preparatory role.” The debate on the purpose
and contents of secondary education - humanities vs. science, specialization vs. general
cducation, preparatory character for university vs. cultural, and general Bildung — lasted
during the nincteenth and even the twentieth century.”” Scientific subjects were then
restricted to an carly basic training in mathematics (arithmetic rules and geometry),
together with courses on natural history and *physics and chemistry,’ only provided in
the last years of the secondary school curriculum.” The course on ‘elements of physics
and chemistry’ was commonly taught during the fifth year of studies, involving five
hours per week. Its first official syllabi were published during the 1840s, covering the
whole spectrum of experimental physics (mechanics, hydrostatic and hydrodynamics,
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acoustics, heat, optics, electricity and magnetism), together with some lectures on
‘notions of chemistry.”'* Another difficult issue for the first secondary schools was the
lack of textbooks. During the 1840s, through the initiative of publishers and 1eachers,
some French textbooks were translated into Spanish, but the government encouraged
Spanish teachers to publish their own textbooks according to the official curricula.
The state Educational Board controlled education by periodical publication of a list
of recommended textbooks and, during most of the century, secondary school teachers
were compelled Lo choose textbooks from these lists. '

An even more difficult problem was the lack of well-trained secondary
school teachers. especially in the sciences. Initially, teachers were provisionally
appointed (with the title of regentes) afier passing an examination, in which they were
requested to prove their mastery of the official syllabus for their subject.' After some
years, if a teacher had obtained favourable government reports, he could be appointed
as full teacher (catedrdticos). The selection process was by no means perfect, and
nepotism and lack of standards were reported.'” By 1860, around one third of physics
and chemistry teachers had studied pharmacy, and the other imponant professional
groups were physicians and lawyers (who represented one of most important groups
of secondary school teachers in any arca). During the 1850s and 1860s, many teachers
obtained the title of ficenciado or doctor in science, including some pharmacists such as
Mariano Santisteban y Lafuenie (1821-1886), who became a very influential professor
in Madrid in subsequent years.” After the 1857 reform, also designated “plan Moyano,’
the secondary school teacher’s career was consolidated and developed. Candidates
had to be 24 years old and possess the bachiller en ciencias, a title awarded by the
Faculty of Philosophy after completion of secondary school studies. In 1867, a new law
requested the title of licenciado en ciencias, awarded by facuhies of science, and the
new position of assistant teacher was introduced, to assist and substitute teachers during
illness or holidays. *°

As in France, the Spanish government attempted to solve the problem
of the provision of sccondary school teachers through the creation of a college in
charge of their training. However, in contrast to the French case, its existence was 1oo
ephemeral and did not have an influential role in the configuration of the secondary
school teacher’s profile and of the sciences as disciplines. In a first attempt, during the
mid 1840s, the Escuela Normal de Ciencias, was established in order 10 train science
teachers, the need for which was considered more urgent.™ In the carly 1850s, a new
institution was created: the Escuela Normal de Filosofia. Successful candidates should
be bachiller en filosofia and were offered a scholarship to attend lectures during four
years. The curriculum was organized in three different sections: literature, *physico-
mathematical sciences’ and ‘natural sciences.” Some lectures were given by university
professors. Successful students directly obtained the licence and were given preference
in the award of secondary school 1eaching positions, but they were expected 1o serve
as teachers for a decade. Breaking the contract was penalized by automatically losing
their teaching and academic status. By 1860, eight years afier the closure of the college,
a small number of its former students were holding positions in secondary and higher
education.” One of them was Jaume Baniis i Castellvi. After graduating during the
1850s, he was appointed professor of physics and chemistry at the Girona school, then
at Valencia, where he became secretary (1865-1880) and, later on, director for most
of the last two decades of the nineteenth century. In Girona, in addition to physics
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and chemistry, he taught industrial mechanics and significantly contributed to the
development of both the school’s collection of instruments and its library.?

Fisure 1. Jaume Banus 1 Castellvi, nineteenih-century physics and chemistry teacher and director ol the Valencia
secondary school. Qil painting preserved at the Instituto Luis Vives, Valencia.

The first secondary school teachers were influential actors in their local
context. Their high and broad educational qualifications and imellectual authority
allowed them to participate in public health committees, perform chemical analysis,
engage in literary and scientific societies, collect meteorological data for the
government, perform mineralogical surveys, cotlect mineral, botanical and zoological
specimens. and actively panticipate in the public sphere through contributions in general
and specialized periodicals. A small but not negligible group of teachers published
textbooks and sometimes scientific papers, and also gave lectures at industrial schools,
taculties of science, and other institutions engaged in turthering the country’s scientific,
industrial and agricultural improvement.™

The nineteenth-century scientific instruments collections

The new institutions were equipped with collections of scientific instruments
and natural history specimens. In most cascs, the first instruments were acquired during
the 1840s and 1850s, thanks to the active support of Antonio Gil de Zarate.” Before
joining the state education administration, he had been educated in France in the first
two decades of the century, subsequenily attending lectures on experimental physics at
the Reales Estudios de San Isidro in Madrid. He returned to Paris to prepare himself
for becoming a teacher of’ experimental physics in Spain, but did not succeed due to
adverse political upheavals.” Ris scientific background was crucial when he became
imvolved in the reform of university and secondary school curricula in the 1840s.
After a survey of existing university collections, a reference catalogue of physics and
chemistry collections was compiled by a commission of university professors appointed
by the Spanish government.” Just few weeks afier, at the end of 1846, Gil de Zarate -
accompanied by Juan Chavarri, professor of physics at the Spanish Central University
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— travelled to Paris 10 organize the purchase of physics and chemistry instruments
for universitics. In November, they met Mateu Orfila (1787-1853), a Spaniard who
had made a successful career in France as professor of medical chemistry and dean
of the Paris Medical Faculty.”’ Thanks to Orfila’s advice, Gil de Zarate obtained the
services of four Parisian instrument makers: ‘Ms. Pixii and Deleuil for the physics
instruments; Lizé & Clech for the glassware and porcelain, and the brothers Rousseau.”
The importance of the purchase allowed him 10 negotiate a deal and acquire more
instruments than initially expected, thus expanding the range of recipient institutions.
The purchase included ‘physics instruments for eleven cabinets,” ‘precision scales,”
steam machine models, chemical apparatus and substances, a mineralogical collection
and a large number of medical chans.*®

By the same token, in September 1846 a reference calalogue was established
to cquip the cabinets of physics and chemistry of secondary schools.”® The list of
instruments was based on the catalogues of the French makers Lerebours and Pixii,
including 152 physical instruments (valued at 9531 French francs) and 133 chemical
items (valued at 6448 francs). However, the collection was subsequently dramatically
reduced, particularly in the case of chemistry, for which the funds became just 10% of
the initial amount (i.e. 600 francs). The collection of physics instruments was reduced
to 116 items only, although for almost half the price of the original amount (5000
francs). The fields better represented in the physics list were electricity and magnetism
(39). mechanics (15) and pneumatics (19).%°

During the following years, the purchase of collections was executed under
the supervision of the government. By the middle of the nineteenth century, nineteen
secondary schools had a complete cabinet of physics, eleven other cabinets were almost
complete, and only five secondary schools were ill equipped, according to a governmentat
report.’! A few years later, Gil de Zarate described the state of the collections, proudly
remarking that many secondary schools (such as Palma de Mallorca, Girona, Llcida
and Orense) had larger collections than those prescribed by the model catalogue. In a
school such as that of Pamplona, the physical cabinet included 186 instruments (around
70 more than the prescribed list), while the chemical laboratory was ‘c¢quipped with
a large number of apparatus and substances, allowing the performance of all types of
operations.’ In Huesca, the chemical laboratory was considered similar to that of the
University of Zaragoza. In general terms, most of the collections were thus constituted
through purchases made during the 1840s and 1850s.* Only in a few cases - for
instance, the Madrid secondary school Reales Estudios de San Isidro, 10 be discussed
further on - instruments from other former educational institutions were used.*

In addition, many secondary schools had natural history cabinets and
botanical gardens. Oficn, natural history collections were assembled by teachers of
natural history or donated by local amateurs. In Lérida, the mineralogical collection
was gathercd by the natural history teacher during the 1850s.* In Ciudad Real, during
a visit of Juan Vilanova (1821-1893), professor of geology at the Central University
in Madrid, the natural history teacher collected a large number of rocks and minerals
from nearby areas.”® Some schools obtained exceptional natural history collections
through donations. The Malaga school acquired part of the library and the herbarium
of the famous botanist Mariano Lagasca Segura (1776-1839), who was director of
the Madrid Botanical Garden and spent many years in exile in Britain because of his
liberal ideas.’® His mineralogical collection (around 219 minerals) was also acquired
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by another secondary school.** Apart from instruments, plants, minerals and zoological
specimens, schools usually used natural history illustrations for pedagogical purposes,
such as those published by Achille Comite which, according to Gil de Zarate, could be
found in “all the secondary schools’ by the middle of the ninetcenth century. *

Botanical gardens were often established for the teaching of natural history
and agriculture.”” They often occupied lands belonging to the school or inherited from
ecclesiastical establishments. This was the case with the botanical garden of Ciudad
Real, which was established in 1847, four years after the opening of the secondary
school. By 1860, it occupicd an area of more than 1300 m?, a large herbarium had
been assembled by the teacher of natural history and a collection of *woods, ashes
and charcoals,” organized by a forestry engineer, had been donated by the provincial
government (Junia provincial de Agricultura).®® In Lérida, the botanical garden was
created on land belonging to the weacher of physics and chemistry, Francesc Bonet i
Bonfill. Plants were organized in natural familics, employed in the teaching of botany
and agriculture. and the school had a greenhouse and a large herbarium with 1500
species, most of them of local origin, ¥

T

Frake 2, Carly mwenticth-century physics and chemistry classroom in Valencia secondary school. A few science
wall-charts can be seen at the top leit part of the image (Iustituro Luis Vives, 1870-1970. Cronica de su primer
centenario, Valencia, 1970).

In addition, secondary schools and their science teachers contributed to the
establishment of a national meteorological network, coordinated by the Astronomical
Observatory in Madrid. During the 1850s and 1860s, many schools were equipped with
small meteorological stations. In 1861, the director of the Caceres school established a
meleorological station on its premises. The instruments, made in Paris, were calibrated
in the Madrid Observatory before being sent to the school.* In 1856, the physics and
chemistry teacher Francesc Bonet i Bonfill established a meteorological station in Lérida
and two years later began sending data o Madrid.* In Castellén, the meteorological
station was cstablished much later, in the 1880s, by Francesc Llorca i Ferrandis, physics
and chemistry teacher. For that purpose, a meteorological tower was placed on top of
the school as an integrated pan of the building.* Meteorological data were processed in
Madrid, but were also published in local newspapers and in the schools' publications.

v i e g

Spanish secondary schools

The stations usually included a small range of thermometers, barometers, hygrometers,
anemometers and pluviometers.*

Meteorological observatorics are just an example of the broad range of
activities that made secondary schools and their teachers central agents in the creative
dynamics of cultural life in the provinces. Teachers acted as cultural agents through
participation in conferences, public lectures and cultural societies, general and
specialized publications, the provision of gencral education and professional training,
and the promotion and supervision of cultural, commercial and industrial ventures.
Secondary schools were central locations for teaching, rescarch and popularization.
Their annual opening ceremonies were an essential cultural event attended by local
notables and civil and military authorities. Their physics, chemistry and natural history
cabinets, and their meteorological stations attracted many visitors and were a maiter of
pride for both schools and local authorities. An example of this is the Murcia school,
one of the earliest established in Spain, which brought tegether an important collection
of physics instruments during the nineteenth-century (around 667 items in 1869,
increasing to more than 800 in twenty years). The collection was so impressive that,
on his visit to Murcia in 1876, the king of Spain visited the cabinets and the teacher
performed scveral experiments for him.*

As previously mentioned, the purchase of scientific instruments was
coordinated by the state cducational depariment.” However, in certain cases. schools
purchased on their own. At the Pontevedra school, between 1847 and 1848, instruments
made by a Parisian maker were acquired through the collaboration of Antonio
Casares Rodriguez (1812-1888), professor of chemistry at the nearby university.*
During the 1850s and 1860s, the Burgos secondary school bought a large number of
instruments thanks to funding provided by the provincial administration.*® The director
of the Figuercs school proudly mentioned a ‘pneumatic machine received in 1861:
‘It has excellent characteristics due to the latest advancements in the art of making
{instruments], which eamed its manufacturer, Mr. Deleuil of Paris, a prize.”® In fact,
the firm established by Louis-Joseph Deleuil (1795-1862) was an importamt provider of
instruments to Spanish and French schools during the 1850s and 1860s.%'

Although most of the instruments purchased by Spanish schools and
universitics in this period were produced in Paris, a small precision industry emerged in
Spain during the late cighteenth century and nineteenth century. An outstanding carly
case is that of the instrument-making workshops of the Reules Estudios de San Isidro
in Madrid, a secondary school established in the last third of the eighteenth century, but
having its roots in an early-modem college. From 1770 onwards, a chair of physical
chemistry was established and the instruments were provided by a machinist, Dicgo
Rostriaga, who had been trained with the *chamber clock-maker of King Fernando
VL." lle and his brother constructed many instruments requested by the teachers of
experimental physics, Antonio Fernandez Solano (1774-1823) and Joaquin Gonzilez
de la Vega (fl. 1791-1811). Moreover, although some of the instruments of the collection
were acquired by Femandez Solano during his travels to France and Britain, and
through subsequent purchases by Gonzalez de la Vega, an important part was produced
in the school’s workshops. At the beginning of the Napoleonic war, the school had an
excellent cabinet comprising around 240 items. After several decades of stagnation, two
influential teachers of physics and chemistry, Venancio Gonzalez Valledor and Mariano
Santisteban, took care of the collection, largely contributing to its present preservation.
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Santisteban, who wrote an historical ¢ssay about the collection, defended the quality
of the instruments constructed by the Rostriaga brothers. He regarded them to be
much more sophisticated than the *cheap’ French instruments bought in the middle of
nineteenth-century under the patronage ot Gil de Zarate:*:

Enlightened people [...] will be persuaded that the number of apparatus
[purchased from foreign makers] that were allocated 10 the San Isidro
cabinets was very small, they all were the most simple and clementary from
the pomt of view of their average quality, and for their prices. the most
advanced available in the Physics and Chemistry catalogues of French
nsirument makers, the cheapest in Europe in that period [...] [Spanish
mstruments] reveal the great ideas on Physics that were common amongst
the men ot the previous century who commissioned their construction;
with the former [French instruments], science appears so small, that
anyone would tend 10 think that they were intended to make the blackboard
nnages a bit tangible for the students, absolutely denying any assistance for
teachers® study and for the experimental advancement of science.

The case of the Reales Estudios de San Isidro is exceptional. No other
secondary school had such a large and valuable cighteenth-century collection and a
workshop with skilled cratismen like the Rostriaga brothers. However, some schools
asked local craftsmen to make, repair or even change some characteristics of instruments,
sv they could be advantageously employed in their classrooms. For instance, around
1850, the Figueres sccondary school asked the instrument-maker José Rossell from
Barcelona to construct a barometer and a “‘Clarke electro-magnetic apparatus’ (of
which he modified the *shape of the commutator, thus making more intelligible and
demonstrable the theory 1o which it is devoted’)*. Another important nineteenth-
century Spanish instrument maker was the firm Graselli y Zambra, *Opticians to Her
Majesty,” who provided instruments to many secondary schools, some of which have
survived.™ José Grasselli and Cayetano Zambra were probably of Italian origin, and —
taking into account the traditionally familiar structure of the instrument trade and its
nineteenth-century international expansion —** the latter might perhaps be related to the
Italian-naturalized-British Joseph Warren Zambra (1822-1897). co-founder, in 1850, of
the successful firm Negretti & Zambra in London.* Unfortunately, there is still much 1o
be done in order to write the history of nineteenth-century Spanish precision industry.’

Froegi 3. Two members of the Spanish royal family passing an examination in chemistry at the Reales Estudios
de San Isidro (1929-1930) [From Instiano e San Isidro. Homenaje al Excmo. Sr. D. José [badez Martin,

Madnd. 1946},
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Evidence suggests that the purchase of instruments slowed down during
the late 1860s and carly 1870s, but that it gained momentum again afier 1877, when
the government established that part of the academic fees should be consumed in the
purchase of scientific instruments and other pedagogical resources.® However, when
sccondary schools were integrated into the centralized financial administration of the
state, purchases slowed down again.> In 1898, after many years of not receiving funding
for instrument purchases and repairs, the director of the Castelion school stated:*

We will repeat what we said in previous years, not disposing of a special
budget, the only acquisitions have becn the necessary substances for
manipulations in the cabinets (...] But this year we dare add that, if this
situation should continue, not acquiring new apparatus nor replacing those
that are useless, in a few ycars the cabinets will become stores of uscless
instruments, losing their powerful assistance in teaching,

At the beginning of the twentieth-century, the government created an Institute
for Scientific Material (/ustituto de Material Cientifico) with the aim of coordinating
equipment demands and nceds of the schools, the calculation and distribution of the
due budgcts and the purchase, making, repair and exchange of instruments. The new
commission was made up of 15 members, amongst who were some of the foremost
Spanish scientists of the time, under the presidency of the Spanish Nobel Prize laurcate
Santiago Ramén y Cajal*! In November 1911, an associated workshop for the repair
of instruments was cstablished.* and during the next year numerous instruments were
sent to schools, many of them constructed by Max Kohl, which became an important
provider of instruments for both Spanish schools and universities during the first half
of the twenticth century.® The activity of the [nstitute for Scientific Matcrial remained
crucial during the next decades, as was its successor, the Instituto “Torres Quevedo,”
established after the Spanish Civil War under the dictatorship of General Franco.”

What has been preserved?

The preceding analysis shows that most of the nineteenth-century Spanish
secondary schools were fumished with teaching laboratorics. physical cabinets,
natural history collections, botanical gardens and meteorological stations. Even if
many of these instruments have been destroyed or dumped, a substantial part has
survived. The most outstanding case is the collection of the Reales Estudios de Sun
Isidro. Thanks 1o teachers like Mariano Santisteban, who recognized the value of the
historical collection, many eighteenth-century and carly nineteenth-century instrumens
have been prescrved. A substantial part of the collection is now housed at the Spanish
Muscum of Science and Technology in Madrid. From around 240 items described in
the eighteenth-century and nincteenth-century catalogues, the Museum now has 84. i.c.,
around one third of the most important cightcenth and carly nineteenth-century picces,
some of them constructed by the Rosiriaga brothers.**

However, also from the point of view of preservation, the Reales Estudios
is an exceptional case. In other secondary schools, most of the instruments remain in
the same buildings in which they were employed during the nineteenth centory and
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have never enjoyed the benefits offered by museums. They are barely regarded as a
relevant part of cultural heritage by the political and educative authoritics, which
explains the mixture of disregard and arbitrariness that sometimes seems to guide
decision-making regarding the collections, unfortunately a non-exceptional
situation in many other European countries. As a result, the state of the collections
(cataloguing, preservation, exhibitions, accessibility, curatorship, associated
research projects ete.) is very diverse.* Curiously enough, stable school premises
and several generations of teachers, with scarce economic and moral support from
the administration, have been the factors contributing the most to the preservation
of part of the collections. Thus, the most common cause of their disappearance or
destruction has often been the relocation of schools Lo new premises, involving
new buildings, larger numbers of students, changing the teaching staff, etc.
Celebrations and commemorations have been useful to preserve the memory of
these collections and to raise the awareness towards their precarious conditions.
During the 1980s and 1990s, many of the oldest schools were celebrating their
150th anniversary and in certain cases this has clearly contributed 10 improving
the preservation and present use of the collections.

An example of this is the Murcia school, which celebrated its 150*
anniversary in 1987 with several activities, conferences and publications,
including a catalogue of part of the instruments related to experimental physics
(around 300 items).®” The Segovia school was established in the 1840s and also
managed to constitute an important collection which was preserved and partially
catalogued by a group of teachers during the 1980s.%* In the case of Palma de
Mallorca, no comprehensive catalogue has been published, but many pieces
have been restored and studied. Even schools established in the late nineteenth
century or carly twentieth century often have excellent collections. The 75*
anniversary of the secondary school Pare Vitoria at Alcoi was celebrated in 2006
with several academic activities, including an exhibition and a beautiful catalogue
of the physical instruments collection and the publication of a herbarium made by
a teacher during the 1930s.™

In recent years, a new and important step has been taken with the
establishment of some regional collective catalogues. In Andalucia, 16 sccondary
school collections have been catalogued, representing more than 1700 physics
and chemistry instruments and a large quantity of natural history specimens. Only
in a few cases were instruments exhibited in small didactic muscums intended for
the school’s students and organized by teachers.” In the Basque Country, a large
exhibition of scientific instruments was opened to the public between January and
March 2003. Among other activities associated with the exhibition, an inventory
of instruments belonging to several Basque universities, schools and also private
collections was produccd.” In Galicia, a recent historical study about ninetcenth-
century secondary schools has been made in conjunction with the compilation
of a gencral catalogue of their scientific instruments collections.” A few of the
collections have been the object of temporary or permanent exhibitions, thanks to
which they have been restored and stored in optimal conditions.™ A new project
on the Madrid secondary schools, which probably keep very rich collections, has
been recently announced.™

Spanish secondary schools

Fiaure 4. Current state of the Castellon secondary school physics and chemistry collection (photo by the authors).

Another interesting collaborative project is the recent Catalan Scientific
Instruments Commission (COMIC), whose major aim is to implement a network of
collections, including secondary schools, universities, museums and other institutions.
The Commission also plans to offer different resources for cataloguing and preserving
scientific instruments: bibliographical oriemtation. cataloguing guidelines, Spanish
instrument-makers’ trade catalogucs, specialized meetings and workshops, on-line data
bases, etc.” During the last few years, and in collaboration with this Commission, our
group has been working in the collective cataloguing of the Valencia, Castellon and
Alicante school collections.” At this point, we have a preliminary catalogue for cach
institution and some preliminary quantitative data about the nature of instruments,
number, purposes, instrument-makers and scientific disciplines (sce TasLE 1).

B _ | ALICANTE | CASTELLON ' VALENCIA
Physics cabinct T 241 400 ! 300
Total items (rough numbers) g
Areas (%) I \

Matter, force and motion -1 5 1
Gravitalion and molecular atiraction 5 8 7
Liquids 9 4.5 7
Gases 4.5 9.5 10
Sound N 4.5 2
Heat 12 8 11
Light 10 1 1
Magnetism 0.5 ] [} | 1
Static electricity 8 8.5 8
Dynamical clectricity: 24 3 ’ 23
Other 12 8 19

. R l c. 280

Chemistry instruments c. 1o c. 150 !

Tase 1. Distribution of instruments by areas in the extant physics and chemistry collections at the 1ES “Luis
Vives™ (Valencia), IES “Francisco Ribalia” (Castellon) and 1ES “Jorge Juan™ (Alicante).
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As pointed out by Heilbron, a collective catalogue can ‘make possible the
discovery of missing picces and the comparative study of the coverages, emphases,
uses. functions and practices of the institutions that held or developed the collections. "™
The quantitative analysis of the three collections shows similaritics from many points
of view. The collections contain between 200 and 400 physics instruments and a smaller
collection of glass and terracotta chemistry pieces (between 100 and 300 pieces) in
the case of Castellon and Valencia. In Alicante, like in many other schools, chemical
instruments have not been preserved. The proportional representation of the different
arcas of physics is similar for the three preserved collections.™ Dynamical electricity
(between 20 and 30% of collections) is the field best represented in quantitative terms,
followed by instruments used for the study of gascs, heat and light, respectively (around
10% of the collections); static electricity follows in quantitative importance (8%). On
average. instruments used in introductory chapters in mechanics (matter, force and
motion, and gravitation and molecular attraction) have a similar representation, but
perhaps a bit lower. In number of instruments, the study of magnetism is the least
represented (less than 1%), followed by that of sound (3-5%). This distribution pattern
cannot be explained without taking into account various issucs: the importance of cach
ol these areas in nincteenth-century lectures and textbooks, the prolonged and intense
use of certain instruments (interfering with their preservation), the relative importance
of demonstrations in each area (some parts of a lecture requiring more instruments than
others), the price of instruments and the school budget, the availability of instruments
in cach period, the size, materials and fragility of instruments (a very important issue in
the casc of chemistry), the presumed cultural and acsthetic value of the pieces, among
others. Focusing on the first of these issues, an exploratory analysis shows that the
relative proportion of subjects in the three collections coincides reasonably well with
that in nineteenth-century physics textbooks and their evolution. By mid-century, the
largest chapters were those on heat and light, followed by that on dynamical electricity.®
In the following decades, the latter commonly expanded to equal the size of the former.
In the late 1880s the three chapters still had similar length, but the chapters on heat
and light usually displayed a lower number of instruments than those on electricity, as
instruments in them were often shown as part of experimental sets, being thus included
in several of these!

Apant from these statistical conclusions, the collective catalogue of the
mentioned collections provides additional data on instrument makers. Information about
makers is very scarce and in general limited to bills and trade-catalogues preserved
in archives, so data provided by the instruments themselves is very important. The
analysis of the Valencia school instruments shows some interesting conclusions. The
oldest instruments were generally construcied by famous French nincteenth-century
instrument makers such as Secretan, Lerebours, Salleron, Ducretet, Ruhmkorff,
Carpenticr, Deleuil and Pixii. Another small group are signed by German instrument
makers (Licsegang, Reichert, etc.). Another small group was made by ninetcenth-
century Spanish instrument makers (Rossell, Dalmau, Grasselli y Zambra) and an
incipient local precision industry in Valencia (Juan Lubat being the most important),
which appcared at the beginning of the twenticth century. Another group of instruments
(mostly from the sccond third of twentieth century) consists of those made by Sogeresa,
Culwra and other national industries supported by the government (cspecially the
*Torres Quevedo’ institute, which replaced the Institute for Scientific Material afier the
Spanish Civil War).*

Lo

Gl i T

Spanish secondary schools

Conclusions

The previous discussion shows that instruments are excellent material sources
for studying how science was taught in nincteenth-century secondary schools. However,
like any other source, it has to be double checked with other historical information and
data.” Fortunately, many secondary schools have excellent archives and libraries, some
of which have recently been inventoried.* Moreover, the schools published an annual
report (memorias), in which they described, among many other issues. the state of their
scientific collections.® Apart from these and other local sources, the archives of the
National Educational Office gathered many files with biographical profiles of tcachers,
nineteenth-century inventories of collections and reports on the teaching of science
and the purchase of instruments. These sources (bills, directions of use. students’
notebooks, laboratory practices, etc.) are essential for an understanding of instruments
in their contexts: they can offer crucial information, not casily found clsewhere, about
the uses of instruments, the local industries of precision manutacture and the historical
actors (teachers, students, instruments makers) who employed them. Many other
sources arc still unexplored by historians of education and historians of science. and
the issue of ninetecnth-century pedagogy of science is a topic open 10 future research.™

The development of large and impressive sciemific cabinets in Spanish
secondary schools took place during what Brenni calls the *Golden Age” of scientific
instruments, i.e., the second half of the ninetcenth century and the carly twentieth
century. This explains the high value of the preserved collections despite the disregard,
arbitrariness and lack of consisient heritage policies which have destroyed a huge
number of unique instruments. Apart from some particular cases, collections are still
preserved in schools, even if their situation is far from satistactory. Many collections
have not yet been catalogued (or their catalogues remain unpublished) and a general
policy or guideline conceming cataloguing, conservation and restoration, as well as
the provision of convenient storage location, role of curators. etc.. is nonexistent,
Although there are an increasing number of people interested in the collections. their
cfforts arc scaticred in many different and heterogencous projects and their different
backgrounds (teachers, curators, historians, collectors, elc.) and interests (teaching,
history, exhibitions, ctc.) make interaction and sharing difficult. Therefore, at this point,
it seems very important to encourage collaborations such as the Scientific Instruments
Commission (COMIC), recemtly created by the Caalan Society for the History of
Science. Morcover, exchanges with other studies on other European secondary school
collections will be very useful for a future comparative analysis, which would provide
many clues about the development of the pedagogy of science and its material culiure.
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The Laboratorio Chimico of the Museum of Science,
University of Lisbon: Reflections on documenting a

collection
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The Laboratorio Chimico of the Museum of Science of the University of
Lisbon gives the historian an interesting opportunity: the Laboratorio’s surprisingly
intact state and its collection provide an excellent case to look into the conditions
of scientific practice at the Lisbon Polytechnic School by the end of the nineteenth
century. Until now, narratives about the accomplishments of the important local
chemists, Julio Méximo de Oliveira Pimentel (1809-1884), Antdnio Augusto de Aguiar
(1838-1887), Agostinho Vicente Lourengo (1826-1893) and José Julio Bettencourt
Rodrigues (1843-1893), have been based on textual sources: official reports, memoirs,
scientific and popularising publications, archive material, and, 1o a great extent, oral
tradition.' Material heritage offers another important source that can be explored further
in the future. This chapter is the result of a study of about 40 objects belonging to the
Museum’s chemistry collection aimed at contributing 10 a better knowledge of their
contexts of use. Our exploration of the collection brought us into contact with the
practice of chemistry at the Laboratorio Chimico of the Polytechnic School, and late
nineteenth-century higher education laboratories in general. This chapter focuses on
two case studies: the Bunsen-KirchhofT spectroscope and related spectral charts; and
the gasometer, which will be discussed by addressing the major difficulties encountered
during this research.

The Polytechnic School of Lisbon was a landmark in Portugal because it
was one of the few schools where chemistry was taught. It was founded in 1837 in





