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Experimental spaces outside the laboratory —

Experiment kits and instruction manuals around 1900
Violavan Beek

In the late Eighteenth century, testing cabinets, household and travel laboratories became
available for sale to anyone wishing to perform chemical analyses: to chemists, aswell as
doctors, factory owners, agriculturalists, traveling naturalists or lovers of chemistry and
mineralogy. From early on, however, testing cabinets were also used by uneducated laymen.
So-called "amusement chests' had been widely used in England since the first third of the
Nineteenth century (Gee 1989) and also in Germany, chemical and physical experiments
were overwhelmingly popular. Introductory experiment kits designed for such interested
laymen were marketed for a broad target audience.

Nevertheless, experiment kits were not only used for traveling or stage performance and
amusement; they were also teaching aids. In the late Nineteenth and early Twentieth century
experiment kits were produced in order to provide access to experimental knowledge at
schools aswell as at home. These portable laboratories, as they contained not only precisely
tuned instruments and other materials, but also school textbooks or instruction manual's, made
it possible to learn theory as well as concrete, practical application. In thisway, the kit and
the book were closely linked with one another: the book was supplemented by the objects at
hand and the kit by instructions in written form.

By referring to evidence in the form of teaching materials catal ogues, instruction manuals,
reviews etc. and exploring how the kits were invented, marketed and used, this essay
attempts to depict the ways in which experiment kits, which had been designed primarily for
children and teenagers, created and staged experimental spaces outside of the laboratory in
Germany around 1900.
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School experiments

In the last three decades of the Nineteenth century, experimental study of science in schools
became increasingly important. The "Allgemeine Bestimmungen” [genera regulations]

of 1872 in Prussia were the first provisions to promote experimental science as a standard
component of practical instruction in "V olksschulen™ [common elementary schools]. This
practice was particularly embraced in the "Gymnasien" [college preparatory schools] where
the reform of 1882 expanded instruction in the natural sciences and mathematics while
scaling down instruction in the ancient languages, orienting curricula along the lines of those
in the "Realschulen” [secondary schools] with afocus on the natural sciences. Official orders
demanded that the classrooms be equipped with apparatus and teaching aids; furthermore,
instructions were published on how to conduct experiments and construct devices (Frick
1872).

This development applied mainly to physics and chemistry, however as the natural sciences
continued to gain recognition in schools, especialy in the reformed curricula developed after
the turn of the century, other types of experiments, for example physiological experiments
were carried out as well. Dead matter for use in identification exercises and microscopic
investigations was provided by companies selling natural produce and teaching material.
However, because few lecturers were familiarized with physiological experiments over the
course of their education and because teachers are reported to have experienced "a much
high number of failures" than with chemical and physical tests, instruction in physiology was
mostly limited to theoretical descriptions (Holler 1908, 388). In 1913 and 1914, Carl Schéffer
and Ludwig Spilger attempted to bridge this gap with Instructions on the independent

study of living phenomena for young naturalists [Anleitung zum sel bsttatigen Studium

der Lebenserscheinungen fur jugendliche Naturfreunde] and a Biological Experiment Kit
[Biologischer Experimentierkasten] (Schéffer 1913; Spilger 1914), but it was not until the
1920's that biology courses became a standard part of the advanced classes of secondary
education.
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At lower-level schools, cabinets were known for their poor equipment and sometimes
haphazard construction and the teachers who used them for their deplorable lack of skill,
even though one of the general principles regarding the use of experimentsin schools as
reported in an Experiment Book for Instruction in Natural Studies [Experimentierbuch
for den Unterricht in der Naturlehre] written in 1898 reads as follows: "every test must
succeed" (Rosenberg 1919, 47). Experiment demonstrations required sufficient practice and
good preparation as well as an exact attention to the proper conditions so that they ensure that
each phenomenon could be demonstrated successfully at any given time, forming the basis
for empirical sciencein the classroom.

Fig. 1.: Haupt-Katalog (Jubildums-Ausgabe) der Leipziger Lehrmittel-

Anstalt von Dr. Oskar Schneider [publ. approx. 1902] (Detail).

Prepackaged experiment Kits together with a manual addressed this problem. Such Kits,
tested to ensure successful use, were produced by the "Leipziger Lehrmittel-Anstalt” and
the Dresden-based company "Meiser & Mertig". In acknowledgment of the reformation of
the curricula and the development of school-specific cabinets and laboratories, teaching aid
producers and precision mechanics workshops also began to model themselves to address
these new requirements: using catalogs, e.g. Meiser & Mertig's Sammlungen physikalischer
Apparate (1897) and the Haupt-Katalog der Leipziger Lehrmittel-Anstalt von Dr. Oskar
Schneider (1902), and permanent and multi-regional exhibitions, they presented economical
mass-produced devices as well as customized goods for use in practical instruction.
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Fig. 2: Collections of devices for the experimental study of science
[Groler physikalischer Apparat]. In: Haupt-Katalog der Leipziger
L ehrmittel-Anstalt von Dr. Oskar Schneider, approx. 1902, 227.

Meiser & Mertig was founded in 1883 by a physicist and a mechanic and the Leipziger
Lehrmittel-Anstalt was founded in 1887 by the microscopic science institute of Oskar
Schneider and August Tietz. When choosing which instruments to produce, the
manufacturers referred to well-known books widely in use in school instruction such as
the textbooks of Mller-Pouillet, Weinhold or Stéckhardt and articles in the Zeitschrift fur
physikalischen und chemischen Unterricht [Journal for Instruction in Physics and Chemistry]
established by Friedrich Poske in 1887 (Haupt-Katalog der Leipziger Lehrmittel-Anstalt
1902, 13; Meiser & Mertig 1910, IV). However, manufacturers also produced collections
for ingtitutions for higher education such as Meiser & Mertig's Sammlungen von Apparaten
zum experimentellen Studium der Physik [Collection of devices for the experimental study of
physics] (optics, acoustics, galvanic electricity and static electricity), complete with exercise
assignments or Dr. Schneider's Grol3er Physikalischer Apparat [Large-sized collection of
physical devices]. Smaller collections like Dr. Schneiders Small-sized collection of physical
devices, designed for elementary and public schools were tailored to the requirements of
simple use in schools.
Fig. 3: Collections of devices for the experimental study of science.
[Sammlung von Apparaten zum experimentellen Sudium der Physik]. In:
Meiser & Mertig's Sammlungen physikalischer Apparate, 7th ed. 1897, 11.

These collections could be ordered in different sizes and expanded at any time by making
additional purchases. Therefore, their claimsto include all the basic laws relevant to the
individual areas of instruction were influenced both by buying power and by the different
educational institutions. Both companies emphasized the easy handling of the devices
facilitated by their small size, the ease of installation and use and the versatility of the
equipment. Thanks to the "considerations made for smaller spaces,” be those spaces limited
by the curriculum or the size of the room, the devices could be stored effectively, set up on
the smallest of school desks and the experiments carried out quickly and efficiently: "when
each part has its proper place, these elements can be set up within aminute" (Meiser &
Mertig 18974, 6).
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Home laboratories

The requirements for compl ete instruction in experimentation were not limited to the
laboratories and school desks. Individual work was expected outside of the classroom and
students were encouraged to experiment at home and manufacture their own equipment
(Baenitz 1883, 303). In addition to the collections designed for school instruction, Meiser &
Mertig and the Leipziger Lehrmittel-Anstalt therefore offered experiment kits for home use.
Fig. 4.. "Experimentirkasten Physik" (Meiser & Mertig). Point your mouse to the image
to get an impression of the corresponding instruction manual: Meiser & Mertig, eds.
1895. Physik. 400 Versuche aus dem Gebiete der Mechanik, Akustik, Warme, Optik,
Elektricitdt. Uebungsbuch fur den Experimentirkasten. 4th ed. Dresden: Selbstverlag.

Even in the smallest of spaces, these kits and their precisely tuned instruments could
transform any table into a small laboratory. Under the names Der praktische Chemiker [The
practical chemist], Der praktische Elektriker [The practical electrician], Der praktische
Mikroskopierer [The practical microscopist], Experimentierkasten Magnetismus [Magnetism
experiment kit] (Leipziger Lehrmittel-Anstalt) or Experimentirkasten 'Physik’ ['Physics
experiment kit] (Meiser & Mertig), these kits were advertised both in corporate catalogs
aswell asin brochures, depicting well-dressed boys wearing a suit and white shirt, or in
newspaper inserts, for example asthe ideal Christmas gift.
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These home experiment kits brought magnetism, static electricity or mechanicsto children
and teenagers in manageable forms of chemical, physics and particularly electrical
experiment sets with precisely calibrated parts and tested experiments. While previous
knowledge was required to successfully complete the exercises using the larger collections
designed for instruction in class, the experiment kits for use at home were designed to be
"as simple as possible" in order to preclude detours, false conclusions and failures (Meiser
& Mertig, 1895). The young experimenter did not need to consult a textbook; he or she was
given the explanation for the phenomenon after each experiment.

But even when the devices in the kit were correctly constructed — "if atest does not succeed
immediately, the cause must lie in the student himself and not in the devices|...]" (Meiser &
Mertig 18973, 9) — it was the difficulties that arose from using the kit, the imponderability
and intricacy of the devices and materials that actually provided the knowledge gained from
experimentation. The manual for arather curious object, an x-ray experiment kit produced
by the Leipziger Lehrmittel-Anstalt, states. "Now we move on to photographing using x-
rays. Very simple! Fig. 69 shows the experimental setup, which is clear without further
explanation." However, as the following text admits, nothing is clear "without further
explanation": for example, the proper exposure time cannot be determined without taking a
number of conditions into account, such as the quality of the pipes or the size of the machine;
these things can only be determined by trial and error (Schulze 1913, 44).

Fig. 5.: lllustrations taken from the manual for the x-ray experiment kit produced

by the Leipziger Lehrmittel-Anstalt. Schulze, Richard. 1913 [1909]. Elektron. 104

Schulerexperimente aus dem Gebiete der Elektrizitét, 4th ed. Werdau: Julius Booch: 44-45.

In this sense, manuals were not merely awritten exposition of the knowledge gained by
experimentation, but rather do-it-yourself instructions. The practical experimentation,
instrument setup and handling as well as the handling and use of the ingredients and
materials used were seen as tasks that had to be practiced and tested independently of the
text and picturesin the instructions. It was in the act of the experiment, the finely attuned
coordination between the experimenter and his setup rather than in the phenomena itself that
the experimenter found the key to understanding the knowledge gained by experimentation.
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Kosmos Kkits

Self-experimentation in the form of student experiments in the natural sciences took on
increased importance around 1900. Especially over the course of the work school movement
[" Arbeitschulbewegung'], the bid for the self-governed student experiment was supported
with renewed vigor. The work school, which placed specia value on the independence of
the children, encouraged students to build their own devices and experimental equipment for
usein class (Retter 1979, 170-182). Instead of using purchased equipment to demonstrate
natural phenomena, the students where meant to develop an appreciation for the basics of
natural science through their own handicrafts. Craft instruction ["Handarbeitsunterricht"]
had taken on a greater importance as a subject in elementary schools since the turn of the
century although its integration into the curricula of secondary schools was criticized as one-
sided and exaggerated emphasis on manual work. The work school ideology responded with
the claim that manual crafts were very important to general cognitive processes: they were
neither to be understood as opposed to intellectual work nor as primary forms of expression,
but astoolsto aid in discovery which, in this light, possessed educational value as "self-
instruction” (Pabst 1910/1911, 164; Hermann 1930, 95).

This principle of constructing the devices by oneself served as the basic design principle
for the Kosmos kits built by the Franckh'sche Verlagshandlung, In 1903, the owners of the
Franckh'sche Verlagshandlung, Euchar Nehmann and Walter Keller, founded the society
"Gesellschaft fur Naturfreunde™" in an effort to bring laymen interested in education and
nature closer together and to provide them with valuable information about nature and the
natural sciences. By 1904, they had established "Kosmos. Handweiser fir Naturfreunde,” a
monthly journal for the society in which also experiments were presented and discussed.

In the 1920's the first experiment kits were produced in the company's teaching aid
department under the direction of the Swiss teacher Dr. Wilhelm Fréhlich (1892-1969).
Frohlich, who had studied physics and chemistry in Geneva and Bern, became a permanent
employee of the Franckh'sche Verlagshandlung in 1920. Between 1921 and 1930, the
firm devel oped the Kosmos-Baukasten Electro (1921), Optics (1923), Mechanics (around
1924/1925), Chemistry (around 1927) and Radio (1930). L ater, the company went on to
produce experiment kits for other subjects such as, for example, astronomy (around 1928),
geometry (around 1928), agriculture (1936), microscopy (1936), biology (around 1935) and
engineering (around 1937).
Fig. 6 and 7.: Kosmos experiment kits Electro (n.d.) and Chemistry (1930).
Thekit electro is courtesy of the Deutsches Museum, Munich. The kit chemistry
is courtesy of the Franckh-Kosmos Verlags-GmbH & Co. KG, Stuttgart.
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Although these kits were designed for individual use, they were initially marketed as teaching
aids, especialy for work instruction at elementary and rural schools. In 1927, Wilhelm
Frohlich wrote a textbook tailored for use in work schools using the kits for mechanics,
optics, eectronics and chemistry (Frohlich 1927). Simpler outfits, marketed as teaching
toys [Lehrspielzeug], were developed in the 1930's and geared towards younger boys. These
included the Elektromann (around 1930), Optikus (1933), Technikus (around 1935), All-
Chemist (1932) and Radiomann (1934).

Fig. 8.: Kosmos "Elektromann™ (5th edition 1934). Courtesy

of the Franckh-Kosmos Verlags-GmbH & Co. KG, Stuttgart.

"[...] [P]hysics and chemistry are not learned from a book like a poem, but through practical
experience" (NL Wilhelm HS 1978-43/3). The kits were meant to function as a complete
laboratory; at the same time, they were equipped with very ssimple devicesin order to ensure
that the first tests did not fail because of the experimental setup being too complicated. Many
different instruments could be constructed using only afew basic elements. In some cases,
as in the example of the optics kit, the case itself took on the function of an instrument, for
example a telescope, projection apparatus or microscope. In his notes about the new version
of the optics kit, in which around pipe similar to the routine optical instruments was to be
included, Wilhelm Fréhlich writes that the square cut pipes composed of two connected
halves which made up the storage case had been requested by the company at that time "on
the one hand, to make the distances between the parts, more specifically the focal distances
clear and on the other hand, to avoid the costs associated with rounded parts, for example
mirrors and apertures’ (NL Wilhelm Frohlich HS 1978-43/1). At the same time, because the
students used the same basic elements in experimental setups with different functions, they
were meant to learn to trace these phenomena back to the same basic principles.
Fig. 9.: Kosmos experiment kit "Optics' (n.d.). Courtesy of the Deutsches Museum,
Munich. Point your mouse to the image to see box contents. Included instruction manual:
Frohlich, Wilhelm. 1923. Anleitung zum Gebrauch des Kosmos-Baukasten Optik.
280 Versuche aus der Lehre vom Licht. Stuttgart: Franckh'sche Verlagshandlung.
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These kits were to promote interest in the natural sciences by enabling the students to
discover the most important phenomena and laws themselves using only the ssmplest of

tests and devices. While it was still common practice at Meiser & Mertig to offer finished
instruments such as the polarization device designed by Johann Gottlieb Norremberg (Meiser
& Mertig 1897b, 19), the optics kit and its components, such as lenses etc. enabled students
to construct such devices themselves. Although these experiment kits were not cheap —in
comparison with other toys, they were sometimes disproportionately expensive — they were
hailed as innovative teaching aids. In 1937, the Franckh'sche V erlagshandlung won the gold
medal at the World's Fair in Parisfor their achievement.

When producing later kits, the Franckh'sche V erlagshandlung made a special effort to
indicate that these kits were geared more towards a target audience interested in advancement
and technology and that the kits offered |earning opportunities which would lead their users
to acareer in adiscipline which promised success. It hisliterary autobiographical description
of the creation of the model steam engine in the Technikus experiment kit, Wilhelm Frohlich
describes two crafty young farm boys ("Once upon atime..."), one of whom reportedly went
on to become a successful machine manufacturer and moved to Africa and the other, the

real inventor of the two, never forgot "the excitement with which he had tinkered as a boy,
how often tests would only succeed after several failures because nobody had given him the
instructions" (NL Wilhelm Fréhlich HS 1978-43/10). Now, experiment Kits provided these
instructions and, as aresult, —as | hope to have shown in this essay - specific experimental
spaces in which one experimented or could experiment around 1900.
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