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1 Introduction
Building blocks became observational objects, materials of experimentation
and enlightenment for children and adults during the last two centuries. The
development of different sets of building blocks in quick succession, and
their acceptance as learning and modeling materials, have consolidated these
materials in all stages of formal education, from kindergartens to schools, universities and research centers. Sets of building blocks have also found a place
in museums, personal collections, workplaces such as technical laboratories,
medical centers, as well as architecture and design studios for more than the
last two decades. Building blocks have come to be a recursive element in the
processes of inquiry and demonstration used across a variety of disciplines.
Today, building blocks are located at the intersection between searching for
knowledge and seeking leisure and amusement; where the border between
play and work blurs. Therefore, building blocks become a relevant example to
approach the influences that objects have in our development of culture, since
they are present in the life of users from childhood to adulthood. More precisely, how have building blocks, which were primarily established as toys for
children, come to be practical materials used in professional and educational
settings? This is the question guiding this study.
This study explores the historical implications of the interdisciplinary introduction and institutionalization of building blocks as materials for learning
and modeling, and their subsequent significance for the training of children
and adults. This study also is intended to investigate those implications for
the communication of information as well as for the consolidation of forms
of operation and behavior. In this respect, this study focuses on building
blocks as a construct produced by the interaction of persons and the arrangement of techniques, discourses and materials. Consequently, this study is
neither in search of a set of ontological qualities nor a historical inventory
of building blocks. Emphasis is placed on the morphological configuration

8 | Building Blocks

of building blocks, their historical introduction in diverse disciplinary fields,
their evolution and adaptation in new construction systems, their implications
in the consolidation of techniques of handling and evaluation, discourses of
education, ideas of society and the training of subjects. Thus, by mapping the
genealogy of building blocks from the four construction sets designed by the
crystallographer and pedagogue Friedrich Fröbel (1782-1852) in the 1830s,
named for this purpose as building Gifts, to their current systematization as
interlocked blocks. This analysis upholds the central claim: building blocks
should be understood not exclusively as concrete objects, but as the materiality
of a combinatorial program characterized by a code of composition, a contextneutrality, a semantic component and a self-referential character of operation
that delineates modularity as the cultural technique leading the accumulation
and re-actualization of the discourses, materials, techniques and subjects that
have influenced the configuration and transformation of culture over time.
During the last two centuries, building blocks have been manufactured
in different formats with diverse adaptations of their principles that include,
for instance, the sets of wooden polyhedra initially used in the centers of
childhood education around the turn of the nineteenth century, the sets of
blocks with letters, drawings and symbols on their surfaces manufactured for
learning language, chemistry and architectural styles during the nineteenth and
twentieth centuries, as well as the system of building blocks used to promote
architectural, technical and mechanical constructions during the twentieth
century. The principles of building blocks have also been used to represent the
modular systems portrayed in the life sciences (e.g. atoms and amino acids,
which scientists treat as the building blocks of life), and in the fabrication
of goods such as modular cars and furniture. However, for the purpose of
this study, the sets of building blocks considered will be classified in four
categories: first, wooden polyhedra with no information on their surfaces,
exemplified with Fröbel’s building Gifts, second, the sets of building blocks
used to encourage language acquisition in children, achieved with the spelling
blocks, third, the sets used to explain the principles of chemistry, represented
with the chemical alphabets, and fourth, the sets manufactured for representing
architectural constructions referred as architectural building blocks. In this
regard, the sets of building blocks comprised by perforated strips, screws, and
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mechanical elements fabricated for building technical constructions will be
not addressed in this analysis.1
By paying attention to the elements included in the sets of building block,
a relevant constant condition can be noticed: independent of the category,
building blocks present a direct dependency on a combinatorial program based
on two main operations: the division and the combination of elements through
their areas of contact.2 This argument will be explored across this study to
show in which extent building blocks contain the order and rules of their
operation and, since the building elements cannot be connected everywhere,
how they also systematize the achievement of compositions. Moreover, this
study will evidence the fact that building blocks depend on the operation of
contact areas, such as the corners on a cube, and also indicates that they hold a
standard program of composition that can carry a symbolic component, as in
the case of the the spelling blocks. For instance, this study will explain how, in
the context of the nineteenth century kindergarten in the United States, these
two operations were relevant not only to depict the activities with the four
building Gifts, but also to order and unfold techniques for training the body of
children in order to cultivate the future civilians needed for industrialization.
Likewise, the analysis of the system of building blocks, such as those included
in the prefabricate house suggested by Le Corbusier and Walter Gropius,
also displays a combinatorial program to specify and regularize the spaces of
living in combination with a vision of architectural construction and social
transformation. In this regard, the effects of building blocks are never confined
to the representations they allow. This can also be observed in the interlocked
bricks manufactured since 1958 by the Danish company Lego. This analysis
will describe how Lego bricks, based on the division and combination of
studs and tubes, not only determine a regular program of composition, but
also introduce a binary system of operation that, in comparison with sets of
building blocks mentioned previously, can be set to train children and machines
indistinctly in the optimization and standardization of a rhythmical process

1.

An examination about the significance of technical building blocks in the consolidation of a technique of building in: Jose Muñoz Alvis. “The cultural technique
of building”. In: ICON Journal of the International Committee for the History of
Technology 23 (2018), pp. 81–108.

2.

See for instance Fröbel’s description of Fifth Gift in: Friedrich Fröbel. Friedrich
Fröbel’s gesammelte pädagogische Schriften. Ed. by W. Lange. Vol. 2. Berlin:
Verlag von Lh Chr. Fr.Enslin, 1862. p. 158.
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of composition. Thus, freely building does not belong to the field of building
blocks, a group of techniques of operation and semantic contents are always
included in every set of these materials.
Today building blocks are exhibited in different toys for children and in
tools for working, as well as in the construction of goods and software programs that guide the interaction, the communication, the modes of doing and
representation of persons. They give rise, little by little, to a network of interaction that includes materials, techniques, discourses and subjects. Therefore,
a close analysis of the historical evolution and consolidation of building blocks
serves to identify a perspective to deal with the actual significance of these
material in the configuration of culture.

T HE

GAME

This analysis traces a genealogy of building blocks across pedagogy, crystallography, chemistry and architecture. It is not intended as a means to develop a
continual and ideal history of these materials in each field, but rather to identify
what Michel Foucault terms as emergencies. That is, the intersections of forces
that have permitted a set of materials to be present in the actual development
of culture.3 According to Foucault, the configuration of culture is located
at the intersections of the spatio-temporal relations among people, materials,
techniques and discourses, which define a set of values for humankind in an
ordered and periodic serialization of successes.4 In this view, the historical
consolidation of culture is not considered as a linear sequence of events, but
as a network that creates an abstract mechanism, in which people become
an object of interaction, capable of being instrumentalized and functional-

3.

Michel Foucault. Nietzsche, la Genealogía y la Historia. Trans. by José Vázquez
Pérez. Valencia: PRE-TEXTOS, 2000. p. 34-41.; cf. Michel Foucault. “Le jeu de
Michel Foucault (entretien avec D. Colas et al., 1977)”. In: Dits et écrits: 1954
- 1988. 4: 1980 - 1988. Ed. by Daniel Defert. Vol. III. Paris: Gallimard, 1994,
pp. 298–329. p. 321.

4.

Michel Foucault and Fernando Alvares-Uría. Hermenéutica del sujeto. Madrid:
de la Piqueta, 1994. p. 69.; Gilles Deleuze. Foucault. Trans. by José Vázquez
Pérez. Barcelona: Editorial Paidós, 1987. p. 61.
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ized.5 Foucault called this heterogeneous arrangement a dispositif.6 As a
mechanism, the dispositif mediates between relations among people, materials,
techniques, institutions, laws, architectonic constructions and discursive and
non-discursive elements. Its function is to interconnect knowledge and power
in order to control, actualize and reproduce specific subjects modeled into
disciplinary procedures.7 In Discipline and Punishment, Foucault identifies
different disciplinary dispositifs located in particular spaces such as the school,
the prison and the hospital. All of them focus on the exercise of power on the
bodies of the subjects with the aim of establishing a set of dispositions, forms
of knowing and specific behaviors.
Further analysis of Foucault’s notion of dispositif were made in particular
by Gilles Deleuze and Giorgio Agamben concerning the cultural emergencies
presented in the last two decades of the twentieth century. Deleuze has noticed
that the dispositif defines a social mechanism based primarily on a human
technology rather than material technologies that permits the members of a
society to remain, as well as to access and transit through different spaces
of discipline—as for example the travel that children start in the family and
continue during their life through the school, the army, the factory, the atelier,
the prison, the hospital, etc.8 However, Deleuze argued that with the fragmentation of these established spaces of discipline,9 the mechanism of discipline
has evolved into a mechanism of control in which their different elements are
contained in a mutable structure that reinforces the configuration of practices,
materials, discourses and spaces.10 Thus, he concluded that the principal
function of the dispositif is not limited to discipline society, as Foucault argued, but to control it. In this regard, and in the case of the education system,
children do not start again when they advance from kindergarten to school
—as in the case for societies of discipline. With the diversity of educational
5.

Michel Foucault. Discipline and punish: the birth of the prison. eng. 2nd ed.
New York: Vintage Books, 1995. p. 170-173, 200-209.

6.

Foucault, “Le jeu de Michel Foucault”. p. 299.

7.

See Foucault’s analysis of the dispositif of discipline in the eighteenth-century
schools. Foucault, Discipline and punish. p. 170-173.

8.

Deleuze, Foucault. p. 65-67.

9.

An example of this is the constant, individual and non-formal training offered by
online platforms that is changing the discourses of the school.

10. Gilles Deleuze. “Postscript on the Societies of Control”. In: October 59.(Winter,
1992) (1992), pp. 3–7. p. 3.
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alternatives, children training can never end.11 The analysis of building blocks
into the scope of a dispositif shows that building blocks do not escape to the
network of emergencies that define a mechanism of discipline and control, as
suggested by Foucault and Deleuze. Indeed, the fact that building blocks are
context-neutral and can be used from the childhood to the adulthood, indicates
that these materials connect their users to (1) a set of educational, social and
economic notions —included in the promotion of building blocks made by
educators and manufacturers; (2) techniques, skills and behaviors —achieved
through a constant and serialized training of building; and (3) materials and
institutions —in which the use, application and adaptation of these materials
are boosted. In this regard, if building blocks can be considered in terms of
a mechanism of discipline and control the question that arises then is how to
approach the interrelation of the different discourses, techniques and materials
connected to them.
Deleuze suggested to study the set of interrelations contained in a dispositif to focus on the main element that allows the operation, the control and
transference of knowledge and power among their elements, i.e., the “code.”12
In Deleuze’s terms, the code is a kind of “password” that regroups dissimilar elements and permits or denies access from one system to the other, or
from one system through a discrete number of systems of societies.13 In this
account, the code is “inseparable” from the social mechanism because it is
“recorded and transmitted” to every element of the system, establishing no
direct difference among humankind, nature, machines and other objects.14 For
Deleuze, the code is more a set of rules or principles that concatenates the
elements of a social mechanism rather than the arrangement of symbols to
define a systematic scheme of communication.
However, as Friedrich Kittler has shown in his further development of this
concept, the symbolic character of the code goes even further and fosters the
ignition of practices and techniques that determines the consolidation of culture.15 Kittler’s program described how from Greek Antiquity to our days, the
11. Deleuze, “Postscript on the Societies of Control”. p. 5-6.
12. ibid. p. 5.
13. ibid. p. 5-6.; Deleuze, Foucault. p. 168-169.
14. Gilles Deleuze and Felix Guattari. Anti-Oedipus. Capitalism and Schizophrenia.
10th ed. Minneapolis: University of Minnesota Press, 2000 p. 38.
15. Friedrich A. Kittler. Gramophone, film, typewriter. Writing science. Stanford,
Calif: Stanford University Press, 1999. p. 94.
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introduction and adaptation of codes based on symbols have made information
“transportable, addressable and interpretable” in order to promote different
kinds of social operations, such as governing, administration, education, etc.16
For Kittler, the code contains a set of processing rules and stored data. It
makes possible the unfolding of operations in a logical parameter to transform
information into another format of representation that can be recorded in a
particular media with a concrete grade of predictability and without contradictions in the execution. This approach of the code is closer to the Information
Theory than to the concept proposed by Deleuze. Both concepts, however,
follow the same aim: the consolidation of particular forms of being.
Strictly speaking, in Information Theory the code should only be composed
of alphanumeric elements, letters and symbols, and use a specific syntax and
semantic, whose sequential combination cultivates the construction of words,
sentences, paragraphs, chapters, books, discourses, etc.17 Nevertheless, in
an expansion on this concept stated by Wolfgang Schäffner regarding the
operational character of the “point,” the point served as code for engineers
and architects to translate measures, proportions and forms of daily life into
a set of geometric drawings such as the ground plans of a city or the under
drawing of a painting, as well as mechanical constructions used to develop
buildings, cities, military devices, etc., during the Early Modern Period.18 In
Schäffner ’s account, the notion of the point is not limited to a concrete element
of representation on a paper, but rather as the symbol that denotes a place
of operation, where, for instance, a line starts and ends, where the division
of a territory is signaled, where the axis of rotation of a wheel is placed, etc.
Consequently and in contrast to Kittler, Schäffner argues that the code is not

16. Friedrich Kittler. “The History of Communication Media”. In: CTheory 0.0
(1996), pp. 7–30; Friedrich Kittler. “Code (or, How You Can Write Something
Differently)”. In: Software studies: a lexicon. Ed. by Matthew Fuller. Leonardo
books. Cambridge, Mass: MIT Press, 2008, pp. 40–47. p. 44-45.
17. ibid. p. 45.
18. Wolfgang Schäffner. “Punkt. Minimalster Schauplatz des Wissens im 17.
Jahrhundert (1585-1665)”. In: Kunstkammer, Laboratorium, Bühne: Schauplätze
des Wissens im 17. Jahrhundert. Ed. by H. Schramm. Theatrum Scientiarum Bd.
1. Berlin: de Gruyter, 2003. p 59-66.; Wolfgang Schäffner. “Euklid-Zeichen.
Zur Geschichte und Theorie des analogen Codes in der Frühen Neuzeit”. In:
Mathematische Forme(l)n. Ed. by H. Bredekamp and W. Velminski. Bildwelten
des Wissens 7.2009,2. Berlin: Akad.-Verl, 2010, pp. 62–73. p. 68.
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exclusively limited to an arrangement of symbols; the code also presented
itself in topographical distributions that constitute the related translation of
diagrams, drawings and calculations. In other words, the code also has form,
volume and depth and does not entirely belong to the field of writing, drawing
and counting.19
Schäffner’s notion of the “point,” as the code that fostered the operation of
engineers and architects, can also be found in the crystallography and pedagogy
of the nineteenth century, two of the fields in which the background of building
blocks in the format of building Gifts lie. When crystallography was first
developed as an independent discipline in the beginning of the nineteenth
century, the mathematical notion of the point was the central element used in
geometric drawings to analyze the growth of crystals, namely by translating
the corners of a crystal into points according to measuring operations and the
calculation of proportions.20 Based on these geometric methods, small regular
crystals were turned into arrangements of data. Measurement, calculation and
the geometric representation of angles, edges and volumes came together to
form a system of proportions. The ordering of data allowed, in consequence,
for a methodical process of visualization in the form of models while the
translation of corners into points supported the development of information
used to encode the laws of crystallization and, moreover, a new systematized
form to address the manifestations of nature. Likewise, this ordering of data
became the base to achieve a methodical process of visualization in the form
of models and drawings, as well as a set of techniques and discourses of
crystallization.21

19. cf. Christian Kassung, Sebastian Schwesinger, and Christian Seifert. “Mit den
Haaren hören. 1832 – 2014 – 1897”. In: Haare hören - Strukturen wissen - Räume
agieren: Berichte aus dem Interdisziplinären Labor Bild Wissen Gestaltung ;
Jahrestagung, 15. Ed. by Horst Bredekamp and Wolfgang Schäffner. Bielefeld:
transcript, 2015, pp. 171–184. p. 178-179.
20. See in this regard the geometric notion of the “point” used by René Just Haüy
in: cf. Just-René Haüy. Lehrbuch der Mineralogie. Trans. by Dietrich L.G.
Karsten and Christian S. Weiß. Vol. 1. Paris, Leipzig: C. H. Reclam, 1804, p. 47,
72-73. See in the same text, in the comment on the page 62, the mathematical
and philosophical consideration of the “point” applied by Christian Samuel Weiß,
the first professor of crystallography at the Humboldt University of Berlin.
21. cf. John G. Burke. Origins of the Science of Crystals. en. University of California
Press, 1966. p. 152.
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Although this study does not intend to provide a detailed history of crystallography, aspects of this history are very relevant to address the principles of
systematization that Fröbel applied for the design of the four sets of building
blocks used at the kindergarten. As it will be presented in chapter three, Fröbel
was one of the first students of crystallography at the Humboldt University
of Berlin and the assistant of mineralogist Christian Samuel Weiß. Both saw
the notion of growth in nature under the precepts of the philosophy of nature
proposed by Friedrich W. J. Schelling as the dynamic arrangement of opposite
forces in a particular point where the origin of matter began. However, and
contrary to Weiß, Fröbel extended the notion of the point into a geometric,
philosophical and religious approach: as an empty and indivisible space where
life emerges as a direct manifestation of God’s own creative force.22 By examining Fröbel’s geometric descriptions in his German texts on education,
and the notes on crystallography conserved in his archive in Berlin, this study
indicates in chapters two and three that his geometric notion of point was
decisive for developing his program and philosophy of education, and for his
interpretation of the forms in nature which he explained in the lessons as the
arrangement of lines and areas into a particular point. Fröbel’s notion of the
point becomes determinant for this study when he depicted the design and
systematization of the building Gifts in direct relation to the principles that
he observed in the forms of nature, namely by proposing the blocks as the
arrangement of corners, edges and surfaces that were expressed in terms of
points, lines and areas.23 Thus, this study proposes that Fröbel’s understanding
of the point was not limited to a representational character and comprised a
central element in his program of education, the design of the building Gifts
and also the learning activities proposed for these materials.
Therefore, and based on Deleuze’s suggestion to study a dispositif and
Schäffner’s approach of the “point” as a code of operation, this study addresses
the morphological features of Fröbel’s building Gifts in order to analyze the
sets of building blocks as an arrangement of corners, edges and surfaces that

22. Friedrich Fröbel. Die Menschenerziehung. Vol. 1. Leipzig: Verlag der allgemeinen Deutschen Erziehungsanstalt, 1826. p. 193, 224.
23. cf. ibid. p. 217.; cf. Friedrich Fröbel. “Das dritte Spielgabe - der einmal allseitig
geteilte Würfel. Das dritte Spiel des Kindes (1838)”. In: „Kommt, lasst uns
unsern Kindern Leben“. Aus dem Pädagogischen Werk eines Menschenerziehers.
Ed. by R. Boldt, E. Knechtel, and H. König. Vol. 3. Berlin: Volk und Wissen
Volkseigener Verlag, 1982, pp. 96–120. p. 105-106.
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can be translated into points, lines and areas. By placing the morphological
character of building blocks at the center of the research, this study will
evidence that the arrangement of corners through the edges and surfaces of
a building element not only sets up the processing rules of building with
these materials, but also determines the way these materials can store data
and be a part of the communication and handling processes that bring up
the introduction and establishment of social discourses. In other words, the
arrangement of the contact areas of a building element —corners, edges and
surfaces— defines not only the code to play, build and compose with the
building Gifts, but also with other sets of building blocks such as the spelling
blocks, chemical alphabets and architectural building blocks. Likewise, the
analysis of the contact areas in Lego bricks, described in chapter five as the
connection of points, and in the building elements of the construction system
proposed by Gropius will show that these modular systems are also delimited
to a code of operation.
This study begins by identifying and indicating that the analysis of the
introduction and systematization of building blocks for the kindergarten must
be considered within a network of interrelations that constitute the discourses,
materials, practices and institutions that support the establishment of the building Giftsas recursive materials to educate children. Likewise, an analysis of
the activities developed with these materials and other sets of building blocks
necessitates a study of the information on their contact areas —symbols,
drawings, colors, etc. In Bruno Latour’s terms, that is the set of invariable
“inscriptions,”24 which, as chapter four will show, delimits the operation of
building blocks in the conservation and transmission of knowledge to different
fields. In this regard, this study presents building blocks as an exemplary materialization of a combinatorial system based on the discrete opening and closing
of connections, that foster and order the access and transference of information —as the process described by Claude E. Shannon in the communication

24. Bruno Latour. “Visualisation and Cognition: Drawing Things Together”. In:
Knowledge and Society: Studies in the Sociology of Culture Past and Present.
Ed. by Henrika Kuklick and Long. Vol. 6. Jai Press INC., 1986, pp. 1–40. p 11.
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theory.25 This study deals with building blocks as a central element in the
development of different social-cultural processes. Here, applying Latour’s terminology is helpful: building blocks are not considered as “matters of fact” but
as “matters of concern;” as an arrangement of elements, a “thing” from which
can be attributed their own effect, their cultural influence, their hybridization
and the relocation of subjects.26 The study of Fröbel’s building Giftsalso serves
as a path to assay his background as crystallographer and the influences of
crystallography in the development of his pedagogy, the Gifts and the activities
proposed for them; thus avoiding reducing his pedagogy to the branch of the
Gifts. This approximation to Fröbel’s legacy opens new perspectives to address, for instance, his notion of “play, building and Gestalten” (Spiel, Bauen,
Gestalten): the three principal activities that he conceived for helping children
in their self-development as free humans.27 These activities where exercised
at Fröbel’s kindergarten in different forms; however, in the case of the Gifts,
Fröbel considered the cube as “self-explanatory” (selbstsprechend) material
that can guide children in “play, building and Gestalten,” while learning to
observe, identify and designate all things around them.28 In Fröbel’s account,
the cube acquires a medial character that helps children to order and construct
the interrelations among their “inner” perception (Innenwelt) and all the things

25. cf. Wolfgang Schäffner. “Topologie der Medien. Descartes, Peirce, Shannon”. In:
Die Adresse des Mediums. Ed. by Stefan Andriopoulos, Gabriele Schabacher, and
Eckhard Schumacher. 1.Aufl. Mediologie Bd. 2. Köln: DuMont, 2001, pp. 82–
93. p. 90. cf. C. E. Shannon. “A Mathematical Theory of Communication”. In:
Bell System Technical Journal 27.3 (July 1948), pp. 379–423. p. 1-6.; cf. Claude
Shannon. “A Symbolic Analysis of Relay and Switching Circuits”. Master of
Science. Cambridge: Massachusetts Institute of Technology, 1940.
26. Bruno Latour. Reassembling the Social. An Introduction to Actor-NetworkTheory. New York: Oxford Univ. Press, 2005. p. 87-93.; Bruno Latour. “A
Cautious Prometheus? A Few Steps Toward a Philosophy of Design (With Special
Attention to Peter Sloterdijk)”. In: Proceedings of the 2008 Annual International
Conference of the Design History Society. Ed. by Fiona Hackne, Jonathn Glynne,
and Viv Minto. Falmouth: Universal Publishers, 2009, pp. 2–10. p. 2-3.
27. Fröbel, Die Menschenerziehung. p. 54.
28. Friedrich Fröbel. “Die Kugel und der Würfel als zweites Spielzeug des Kindes
(1838)”. In: „Kommt, lasst uns unsern Kindern Leben“. Aus dem Pädagogischen
Werk eines Menschenerziehers. Ed. by R. Boldt, E. Knechtel, and H. König.
Vol. 3. Berlin: Volk und Wissen Volkseigener Verlag, 1982, pp. 68–91. p. 85.
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“outside” them (Außenwelt).29 When “play, building and Gestalten” are analyzed in the context of the building Gifts as material of mediation, determined
by a code of composition, it can be noted that a set of rhythmical movements
and skills are instilled in children and adults in direct relation to particular
ideas of learning. In addition, this approximation to the building Gifts shows
that through “play, building and Gestalten” with the blocks a technique to deal
with modular elements remains constant, independent of the context and the
user. This argument becomes central when the activities with different sets of
building blocks are compared in dissimilar disciplines and places and show
that the operation of modular elements is presented in the training of building
skills, in the construction of compositions, in learning a language, in different
forms of representation and modeling, in the transmission of information,
in the promotion of ideologies, in the understanding and transformation of
space as well as in the acquisition and production of knowledge. In other
words, this study will propose modularity as an exemplary cultural technique,
that has been present during the last two centuries in the configuration and
reconfiguration of culture.
Cultural techniques concern the technical and cultural practices that emerge
from our interactions with media, in which the distinction between nature and
culture does not represent the main character.30 In this sense, the notion of
cultural techniques does not focus on either the separation between human
and non-human actors nor technological devices. Instead, they are part of the
system that shapes and defines a cultural and historical order.31 By considering
modularity as the cultural technique introduced with the operation of building

29. Fröbel, “Das dritte Spielgabe (1838)”. p. 104.
30. cf. Bernhard Siegert. “Kulturtechnik”. ger. In: Einführung in die Kulturwissenschaft. Ed. by Harun Maye and Leander Scholz. UTB Kulturwissenschaft
3176. München: Fink, 2011, pp. 95–118. p. 100.
31. Geoffrey Winthrop-Young. “Cultural Techniques: Preliminary Remarks”. In:
Theory, Culture & Society 30.6 (2013). Ed. by Geoffrey Winthrop-Young, pp. 3–
19. p. 6-7. To address the evolution of this concept, see also: Christian Kassung
and Thomas Macho, eds. Kulturtechniken der Synchronisation. Kulturtechnik.
München: Wilhelm Fink, 2013. p. 15-18. See also: Thomas Macho. “SecondOrder Animals: Cultural Techniques of Identity and Identification”. In: Theory,
Culture & Society 30.6 (2013). Ed. by Geoffrey Winthrop-Young, pp. 30–47.;
Siegert, “Kulturtechnik”.; Sybille Krämer and Horst Bredekamp, eds. Bild, Schrift,
Zahl. Kulturtechnik. München: Fink, 2003.
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blocks, this study can prove that the techniques used to build and modeling
with modular elements in chemistry, architecture and pedagogy during the
nineteenth and twentieth century are context-neutral, self-referential and based
on symbolic components.

T HE

BOOK

Knowing that the principle of building blocks can be found in different material forms, such as in the sets of movable type developed in eleventh-century
China32 or in toy sets for aristocratic children in sixteenth-century Europe,33
this work first places the focus on the systematization of building blocks for
the training of children in Fröbel’s kindergarten, due to the fact that in contrast
to his predecessors, building Gifts are still in use today for the education of
children with no variation to their form.34 This shows an establishment of these
materials that can be traced through the discourses of education and architecture. Thus, the arc of this study comprises different sets of building blocks
developed from the building Gifts up until and including Lego bricks. Building
blocks can today be found in children’s rooms, schools and laboratories; however, for the purpose of this study, Fröbel’s archives in the Research Library
for the History of Education in Berlin and the Friedrich-Fröbel-Museum in
Bad Blankenburg, both in Germany, as well as the Building Block Collection
from the Institute for Art and Gestaltung of the Technical University, in Wien
Austria, have provided the main sources.

32. Thomas Adams. Typographia; or, the printer’s instructor. Philadelphia: Johnson
& Co, 1858. p. 8-9.; “Art, print, and cultural discourse in early modern China”.
In: A companion to Chinese art. Ed. by Martin Joseph Powers, Katherine R.
Tsiang, and J.P. Park. Chichester, West Sussex. UK: Wiley Blackwell, 2016,
pp. 73–90. p. 73-76.
33. cf. Annette Noschka and Günter Knerr. “A. Richter”. In: Bauklötze staunen
Zweihundert Jahre Geschichte der Baukästen. München: Hirmer Verlag, 1986. p.
12.; cf. Frank Meier. Von allerley Spil und Kurzweyl, Spiel und Spielzeug in der
Geschichte. Ostfildern: Jan Thorbecke Verlag, 2006. p. 23.
34. For this study, the set of blocks developed by Maria T. A. Montesori (1870-1952)
are not considered because they are not composed from a system of building
elements as is the case for the building Gifts.
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This book has four main chapters. While the second and third chapters are
related to the context in which Fröbel developed the building Gifts, the fourth
focuses on the medial character of building blocks and the fifth on the system
of modularity embodied in these materials. It is important to remark that
Fröbel’s texts are written in the German language and the style used during the
nineteenth century. In order to conserve the concordance with the sources, the
author will employ in this study Fröbel’s texts in German without grammatical
corrections and style editing to allow for a closer approximation to Fröbel’s
work and his argumentation manner.35
This genealogy of building blocks begins with the contextual conditions
in which the knowledge and the modeling techniques that Fröbel acquired
from early crystallography were transferred to the kindergarten. Therefore,
the second chapter examines Fröbel’s dual vocation as a crystallographer and
a pedagogue to present how a set of techniques to mathematically analyze
crystals influenced Fröbel’s philosophy of education as well as the design and
adaptation of the kindergarten’s learning materials, which Fröbel classified in
two categories: Gifts and Occupations, being the Gifts the category to which
the four building Gifts belong. In this regard, the two early leading theories of
crystallization are compared: the atomic theory proposed by René Just Haüy
and the polar theory developed by Christian Samuel Weiß. The foundation of
the kindergarten and the theories of crystallization developed during this period
provide the basis for the description of Fröbel’s notion of growth in nature
and the interdisciplinary character of his program of education. This chapter
also delineates the arguments that inspired Fröbel to consider that the growth
of all things (including nature and humans) comes from an originating point,
which Fröbel characterized in metaphysical and geometric terms. Fröbel’s
notion of the point will be used to propose the point in relation to the lines
and areas observed in the abstract representations of nature and expressed in
the corners, edges and surfaces of the blocks as Fröbel’s code of composition.
The features of this code will be described in the systematization of the Gifts
and the activities principally developed with the First Gift and the Second Gift.
Defining the code of composition, chapter two provides a basis for analyzing
the systematization of building Gifts and their role in the education of children
and the establishment of a concept of education addressed in chapter three.

35. All the terms in German will be translated to English with the generous support
of M.A. Julia Jarret.
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The third chapter will be dedicated to the discursive and disciplinary interrelations that led the systematization of wooden blocks and polyhedra to
become Fröbel’s building Gifts. This examination includes techniques to
analyze and model crystals, a comparison between Fröbel’s and Weiß’s description of nature, the reports of Fröbel during his time as assistant of Weiß,
the learning activities with building blocks at the kindergarten and the features
of “play, building and Gestalten” with the blocks. This chapter deals hence
with main discourses, techniques and materials that consolidated building
Gifts as learning materials for children. An analysis of the various uses of
building blocks results in the identification of play, building and Gestaltung
as the three main practices developed with the building Gifts. This chapter
will propose “play, building and Gestalten” as the main operations of modularity, the cultural technique that introduced children to a recursive process
of recognition, designation and operation with respect to the block’s marks
(corners, edges and surfaces). In this regard, building blocks are presented as
materials of mediation based on a system in which children store and transmit
the information they receive from the blocks to achieve a composition.
Chapter four traces the discontinuous applications of building blocks as
materials for learning, presenting and playing in reference to the practices
that developed using sets of building blocks to teach the English language
to children in England, to explain and edify the combinatorial principles of
chemistry in labs and schools and to language acquisition in architectural
patrimony, respectively. Three categories of building blocks are addressed in
this chapter: the spelling blocks, the chemical alphabets, and the architectural
building blocks. A central feature these different sets of building blocks share,
although used to different ends, is the functionalization of blocks with information attached on their surfaces with the aim to support the accomplishment of
a specific task. The analysis of this functionalization will show how building
blocks constitute models that carry information and foster the formation of
a language through a technique that serves not only for the generation of
new models, but also for developing discourses and subjects. In fostering
the dissemination of ideas, whether concerning the combination of chemical
elements or architectural patrimony, these materials, thereby, consolidated and
educated subjects and determined future civilians in Europe and the United
States. For this purpose, the analysis of functionalized building blocks will be
based on the contextual use of building blocks in the kind of “language-game”
proposed by Ludwig Wittgenstein. This chapter suggests children, scientists
and building blocks as part of a mechanism of modeling discourses and subjects
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that validated the optimization, standardization and serialization of the division
and combination of elements and ideals in homes, schools and laboratories in
the nineteenth century.
Finally, chapter five focuses on the discipline of children, the space of
construction and the knowledge achieved during the adaptation and use of
building blocks. Therefore, this chapter is devoted to the practices configured
with the building Gifts in the United States, the architectural building blocks
manufactured during the twentieth century, the systematization of Lego bricks
and the adaptation of the building principles of modularity applied by John
Lloyd Wright and Bruno Taut and Walter Gropius during the twentieth century
for designing and manufacturing new systems of constructions and to promote
new discourses of architecture. Chapter five does not aim to present a linear
and causal evolution in the history of building blocks through the industrialization of Europe and the United States, but rather to evidence the relation of
building blocks with set discourses, techniques and materials which constitute
a dispositif of knowledge and discipline in which the settings to operate these
materials are instilled in the users from childhood into adulthood. Moreover,
this chapter also shows that in the case of Lego bricks the program to operate
the building blocks can be learn by humans and machines indistinctly. This
argument brings hence elements for future evaluations about the implications
of building blocks in fostering free play and creativity.
Building blocks are a set of regular elements divided and combined according to their areas of contact to achieve the construction of a composition,
as well as to communicate ideas and, more broadly, to sustain and perpetuate
old practices and institutional discourses. Building blocks are the material
manifestation of modularity, a cultural techniqueoffering a new perspective to
think about the close relationship of objects, persons, and discourses and the
forms in which designed objects affect our construction of culture.

2 From Crystallography to Pedagogy
The pedagogue and crystallographer Friedrich Fröbel is responsible for the
presence of the sets of building blocks, known as building Gifts, in today’s
kindergartens, which he conceptualized between 1828 and 1852. Fröbel
developed a set of learning materials, called Gifts and Occupations and founded
the first kindergartens as an alternative to the Prussian institutions for the
education of young children. Before dedicating his life to pedagogy, Fröbel
studied natural sciences at the University of Jena and later chemistry, physics
and mathematics at the University of Göttingen from 1811 to 1812. His
training in the natural sciences was improved in Berlin, where he studied
chemistry, physics, geography, mineralogy and crystallography under the
mineralogist Christian Samuel Weiß (1780-1856) from 1812 until 1816. This
chapter will show how Fröbel transferred the notion of nature, defended by his
tutor Weiß, and a set of techniques to mathematically analyze crystals from
crystallography to develop an educational philosophy and to systematize the
Gifts and Occupations for the kindergarten.
Fröbel’s background in crystallography has been primarily considered in
connection with the geometric solid of his Gifts and Occupations, which were
examined on account of their pedagogical use to teach children mathematics,
geometry and arithmetic, as well as to help develop their motor skills.1 Since
1.

E. Hoffmann. “Fröbels Beitrag zur Vorschulerziehung”. In: Blätter des PestalozziFröbel-Verbandes 19.5 (1968), pp. 132–150.; Stuart Wilson. “The "Gifts" of
Friedrich Froebel”. In: Journal of the Society of Architectural Historians 26.4
(1967), pp. 238–241.; Jeanne Rubin. “The Froebel-Wright Kindergarten Connection: A New Perspective”. In: Journal of the Society of Architectural Historians
48.1 (Mar. 1989), pp. 24–37.; Norman Brosterman. Inventing Kindergarten.
New York: Harry N. Abrams Inc., 1997.; Tamar Zinguer. Architecture in play:
intimations of modernism in architectural toys. Charlottesville: University of
Virginia Press, 2015.
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the first part of the 20th century, historians of education have suggested that
the development of the Gifts and Occupations, the activities with them and
the educational program of the kindergarten may have been influenced by
Fröbel’s study of crystallography. Nevertheless, this potential influence and
the historical links between crystallography and Fröbel’s pedagogy has not yet
been fully investigated.2
Fröbel’s dual vocation as a crystallographer and a pedagogue were influenced by the development of geometry, philosophy of German Idealism
and proliferation of educational centers for children which evolved during
his period. Based on an examination of these interrelations, I will argue that
Fröbel’s philosophy of education and his learning materials were determined
by a mathematical understanding of nature, based in particular on the geometric notion of the point approached in the crystallography of Weiß in Berlin.
Fröbel saw the point as the central element where opposite forces collide to
create every manifestation of nature. Moreover, I will show how the notion
of the point was considered into a combinatorial relationship with lines and
surfaces, defining a code to design and systematizing the learning materials for
kindergartens. Thus, the references of Fröbel to the point will be addressed not
only as a mathematical concept and symbol, but also as a place of reference
that allowed the children at Fröbel’s kindergarten to play, learn and interact.
Hence, this chapter set the basis to address the systematization of Fröbel’s
building blocks in the next chapter.
This chapter is divided into three sections. The first presents the interdisciplinary perspectives that influenced Fröbel’s educational program alongside
the cultural conditions that supported the foundation and proliferation of the
kindergarten. The second turns to the influence of the geometric and dynamic
notion of crystallization in the kindergarten’s philosophy of education. The

2.

See in this regard Fritz Halfter. Friedrich Fröbel. Der Weregang eines Menschheiterziehrs. Halle: Max Niemeyer, 1931.; Eduard Spranger. Aus Friedrich
Fröbels Gedankenwelt. 4th ed. Heidelberg: Quelle & Meyer, 1964.; Friedrich
Fröbel. “Die Kunde der Formen und Gestalten und diese in ihre höhere Bedeutung und Beziehung”. In: Friedrich Fröbel Ausgewählte Schriften. Kleine
Schriften und Briefe von 1809-1851. Ed. by Erika Hoffmann. Vol. 1. Godesberg
- Düsseldorf: Helmut Küpper vormals Georg Bondi, 1951, pp. 43–79.; ElmarBussen Wagemann. Quadrat, Dreieck, Kugel: die Elementarmathematik und
ihre Bedeutung für die Pädagogik bei Pestalozzi, Herbart und Fröbel. Vol. 4.
Göttinger Studien zur Pädagogik; N.F.. Weinheim: Beltz, 1959.
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third addresses how this code contains the parameters for ordering the learning
materials of the kindergarten and configuring a set of operations that foster the
development of children’s primary motor and language skills. This chapter
covers Fröbel’s notion of the point beyond its traditional understanding in
geometry, the historical and cultural implications of the point as an operational
element proposed by Wolfgang Schäffner serves as the pathway to consider
the medial character of the point in Fröbel’s program as well as the learning
materials of the kindergarten as epistemological elements.

T HE H OUSE

ON THE

BASEMENT

Playing with the Gifts and Occupations and, in particular, with a set of building
Gifts, should encourage children at the kindergarten to discover and develop
their individual character, capacities and talents as part of a pedagogical process.3 The building Gifts were organized in four sets, which were classified
by shape and introduced sequentially in order to heighten the development
of children’s motor skills. By contrast, the introduction of wooden blocks as
learning materials in other educational centers for children during the first part
of the nineteenth century did not follow a specific order. In England, Germany
and Switzerland, building blocks referred to a set of wooden cubes of varying
size and color used to teach arithmetic and to keep children occupied with
constructive activities. However, they were not part of a specific system of
learning materials and their use was restricted to diverse playful activities
specifically designed for children.4 The systematization of building blocks as
building Gifts for the kindergarten was directly related to an interdisciplinary
notion of education, which draw on the precepts of crystallography, pedagogy
and philosophy. In addition, the incorporation of these three disciplines into
Fröbel’s educational philosophy not only transformed children’s education in
Germany, but also radically influenced the modification of educational centers
for young children in Europe and overseas. Consequently, this contextual
3.

cf. Friedrich Fröbel. “Eine Vollständige Briefliche Darstellung Der Beschäftigungsmittel Im Kindergarten”. In: Die Pädagogik des Kindergartens. Ed. by
W. Lange. 2nd ed. Berlin: Th. Chr. Fr. Enslin, 1874, pp. 559–582. p. 580.

4.

cf. Maria Edgeworth and Richard Edgeworth. Essays on Practical Education.
3rd ed. Vol. 2. London: J. Johnson and Co., 1811. p. 14, 57-58, 73.; cf. Noschka
and Knerr, “A. Richter”. p. 15.
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approach of the kindergarten and the interdisciplinary influences of its foundation will be relevant to understand Fröbel’s systematization of the Gifts and
Occupations.
The Foundation of Kindergarten
On June 28, 1840, Friedrich Wilhelm August Fröbel (1782-1852) founded the
first official Allgemeiner Deutscher Kindergarten (General German Kindergarten) in Bad Blankenburg, Germany. It was intended to educate children
between the ages two and six years old, but children ranging in age from one
to nine were included in the learning activities. The founding occurred at a
time in which the education of children was attracting increased attention as a
result of pedagogical visions promoting learning through experience. Their
initial impetus had been provided during the seventeenth and eighteenth centuries in the work of philosophers such as John Amos Comenius (1592-1670),
John Locke (1632-1704), and Jean-Jacques Rousseau (1712-1778),5 and had
been advanced by the construction of new educational centers for children
in Europe and the USA in the first decades of the nineteenth century. This
was a consequence of the growth of urban populations required by the rapid
expansion of industry, as well as the desire of bourgeois society to achieve
“social and political” legitimation through schooling.6 The centers for infant
education led by the writer Maria Edgeworth (1768-1849) and her father
Richard Lowell Edgeworth (1744-1817) in England, and by the pedagogue
Johann Heinrich Pestalozzi (1746-1827) in Switzerland and Germany, represent some renowned institutions that were opened before 1816, the year in

5.

cf. Johann Amos Comenius. The great didactic of John Amos Comenius. Trans.
by M. W. (Maurice Walter) Keatinge. London: Adam and Charles Black, 1896.;
cf. John Locke. Some Thoughts Concerning Education. en. 1st ed. Londres: A.
and J. Churchill, 1693.; cf. Jean-Jacques Rousseau. Emile: or, On education.
Trans. by Allan Bloom. New York: Basic Books, 1979.

6.

James Bowen. The modern west: Europe and the New World. eng. Vol. 3. A
history of western education. London: Routledge, 2003. p. 282-285.; cf. Gisela
Gary. Geschichte der Kindergärtnerin von 1779 bis 1918. Wien: Ed. Praesens,
1995. p. 7-10.
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which Fröbel had dedicated himself to pedagogy.7 Indeed, before the foundation of the kindergarten in 1840 Fröbel opened two centers of education
for young children: the Allgemeine Deutsche Erziehungsanstalt (General German Educational Establishment) in Griesheim in 1816, which was moved to
Keilhau (today in Thuringia, Germany) in 1817, and the Erziehungsanstalt
(Educational Establishment) in Switzerland in 1831.8
The kindergarten was based on the metaphor that children learn in a
garden—a place where they can understand the growth in nature and therefore
better take care of it. In this view, taking care of children were one of the
fundamental precepts for parents and educators to train the infants throughout
a progressive training until they enter to school. With this relationship between
children and nature, Fröbel posited a philosophy of education that considered
God, nature and the artificial world as interrelated elements of a system of creation in which every “materialization” (Festgestalten) of nature and the world
are in direct correspondence with God.9 In this interconnected model, children
were considered both a direct expression of nature and of God.10 Thus, God
was part of every material manifestation of nature. That being the case, an
understanding of nature would allow children to reach their development in
agreement with God.11 On the basis of this pantheistic notion of education,
Fröbel proposed that children could best achieve their self-development by

7.

Gabriel Compayré. The History of Pedagogy. Trans. from the French. Trans. by
W. H. Payne. Reprinted from the edition of 1886, Boston. New York: AMS Press
INC., 1971. p. 433, 482.

8.

Helmut Heiland. “Friedrich Fröbel (1872-1852)”. In: Prospects: The quarterly
review of comparative education XXIII.3/4 (1993), pp. 473–491. p. 6, 9.

9.

Fröbel, Die Menschenerziehung. p. 247.

10. ibid. p. 177.
11. Friedrich Fröbel. “Entwurf eines Planes zur Begründung und Ausführung eines
Kinder-Gartens, einer allgemeinen Anstalt zur Verbreitung allseitiger Beachtung
für des Lebens der Kinder, besonders durch Pflege ihres Tätigkeitstriebes. (1840)”.
In: „Kommt, lasst uns unsern Kindern Leben“. Aus dem Pädagogischen Werk
eines Menschenerziehers. Ed. by R. Boldt, E. Knechtel, and H. König. Vol. 3.
Berlin: Volk und Wissen Volkseigener Verlag, 1982, pp. 189–198. p. 193.;
Friedrich Fröbel. “Drei Spiele aus den »Mutter- und Koseliedern«”. In: Friedrich
Fröbel ausgewählte Schriften. 1: Kleine Schriften und Briefe von 1809-1851.
Ed. by E. Hoffmann. 2nd ed. Vol. 1. Düsseldorf, München: Helmut Küpper
vormals Georg Bondi, 1951, pp. 129–134.
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understanding the laws that constitute the system to which they belong (world,
nature and God).12 Through an active engagement with nature and society,
children could become acquainted with the compositional laws of God, and
therefore, with the relations among the constitutive elements of their everyday life (world). Making children aware of these elements would, in turn,
encourage children to enhance their learning capacities and to develop into
free human beings.13 Fröbel presented the education of children as a strategy
to help children become acquainted with their relationship to God and nature
in order to reach happiness, freedom and gratification.14
Envisioning education as a form of individual and independent selfdevelopment, Fröbel conceived and classified his educational procedures
in terms of three forms of learning through playing. The first of these activities
was to play with learning materials, the second to play with other children
by means of singing, dancing and other “kinetic games,” and the third to
take care of plants in the garden to observe the growth in nature.15 The last
learning activity epitomizes Fröbel’s educational goal of fostering children’s
self-development in accord with nature and constitutes the core of his theory
of the natural growth of children.
Devoted to a holistic conception of education, Fröbel also trained educators
and allowed mothers to participate in the learning sessions. Engaging parents
in the learning process of their children was intended to instill an environment
in which children were always permitted to play and to learn through playing

12. Fröbel, Die Menschenerziehung. p. 126.
13. ibid. p. 496. The notion of the self-development of children as free humans
was also introduced in the conception of the sets of building blocks that Fröbel
designed for the kindergarten. A direct approach of this will be presented in the
next chapter.
14. cf. ibid. p. 159.; cf. Friedrich Fröbel. “[b] Anleitung zum rechten Gebrauche der
dritten Gabe des entwickelnd-erziehenden Spiel und Beheschäftigungsganzen:
des einmal allseitig geteilten Würfels, „die Freude der Kinder”, gegeben von
Friedrich Fröbel (1851).” In: „Kommt, lasst uns unsern Kindern Leben“. Aus
dem Pädagogischen Werk eines Menschenerziehers. Ed. by R. Boldt, E. Knechtel,
and H. König. Vol. 3. Berlin: Volk und Wissen Volkseigener Verlag, 1982,
pp. 130–144. p. 144.
15. Heiland, “Friedrich Fröbel (1872-1852)”. p. 12.
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the ways in which nature grows.16 When children reached the age at which
they could attend kindergarten, they began with sessions from two to four
hours long twice a week to familiarize them with the pedagogical process,
before subsequently being permitted to stay all day long.17
The kindergarten marked a stark contrast to other contemporary education
centers for young children, where educators either merely watched the kids or
imparted “formal tuition” on them.18 The notion of children’s education as
a part of a triad through which they can be brought in accordance with God
signified a radical departure from the prevailing perspectives on schooling
children at that time. At the kindergarten, children were taught to learn by
occupying themselves in the recognition of nature and the objects of their
everyday life in order to gradually comprehend the basic order of which every
element is composed. Fröbel’s method marked an educational alternative that
was sufficiently appealing to gain acceptance among a wide range of educators
and parents.
However, such a liberal idea of education was not welcomed by the authorities in the Kingdom of Prussia, who had suppressed expressions of democratic
participation. Besides, the involvement of kindergarten’s pedagogues in the
protests to reform the German education system, during the German Revolutions of 1848 and 1849, coupled with the authorities’ wish to control the
free communes, threatened the continuation of the kindergarten. Finally, the
subsequent writings on democratic guarantees published by Fröbel’s nephew
Karl F. Fröbel (1807-1894), who the Prussian government considered a pro-

16. “These few allusions to the view of nature as a whole must suffice here; they are
also meant to guide the father, the educator, and the teacher to lead his pupil and
son to the knowledge and intuition of the equanimity of nature in its various stages
of growth and of unity in all its diversity, and to view nature as a whole of life.”
In original: Diese wenigen Andeutungen zur Anschauung der Natur als eines
Ganzen müssen hier genügen; sie sollen auch den Vater, den Erzieher, den Lehrer
nur dahin leiten, seinen Schüler, Zögling, Sohn zur Erkenntnis und Anschauung
der Gleichgesetzigkeit der Natur in ihren verschiedenen Steigerungsstufen und
der Einheit in aller Mannigfaltigkeit hinzuführen, dahin zu führen, die Natur als
ein Lebenganzes anzuschauen.. Fröbel, Die Menschenerziehung. p. 242.
17. Friedrich Fröbel. „Kommt, lasst uns unsern Kindern Leben“. Aus dem Pädagogischen Werk eines Menschenerziehers. Ed. by R. Boldt, E. Knechtel, and H. König.
Vol. 3. Berlin: Volk und Wissen Volkseigener Verlag, 1982. p. 182.
18. Heiland, “Friedrich Fröbel (1872-1852)”. p. 12.
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moter of socialism and atheism,19 supported the scenario for the prohibition
of kindergarten in 1851.
Disciplinary Intersections
When Fröbel died in 1852, however, he knew that his project would survive
him. During the eleven years before his kindergarten was banned in Prussia,
he not only opened and helped found other kindergartens outside Prussia
(such as the one in Dresden, Kingdom of Saxony, founded in 1843),20 he
also documented and promoted his ideas on the education of children and
instructions for opening new kindergartens in his self-published pamphlets
and letters. Thus, when the kindergarten’s prohibition was rescinded in 1860,
the prior dissemination of Fröbel’s educational ideas led to a robust expansion
of kindergartens in Germany, principally in Berlin, Dresden, Leipzig and
Hamburg.21 Followers and educators translated Fröbel’s pedagogical ideas
into English, which led to the subsequent spread of his kindergarten model,
first across Europe, then to North America (in the USA during the mid-1850’s)
and eventually Asia (in Japan after 1872).22
As the kindergarten expanded to other countries, Fröbel’s educational
principles were interpreted and adapted according to the local context. The
rise of industrialization also modified the kindergarten’s pedagogic program
away from Fröbel’s emphasis on the self-development of the human through
play towards “the training and development of a ‘viable’ citizen”.23 Misunderstandings of Fröbel’s method led to a loss of interest in his pedagogy

19. Diana Franke-Meyer. Kleinkindererziehung und Kindergarten im historischen
Prozess: ihre Rolle im Spannungsfeld zwischen Bildungspolitik, Familie und
Schule. Klinkhardt Forschung. Klinkhardt, 2011. p. 116-118.
20. This prohibition was explicitly meant for Fröbel’s kindergarten due to his liberal
ideas on the self-development of children, while other centers of education for
young children established by the catholic and protestant communities were
allowed to remain open in the Kingdom of Prussia. cf. ibid. p. 111.
21. ibid. p. 148.
22. cf. Roberta Lyn Wollons. “"The Letter Killeth": Americanization and multicultural education in kindergarten in the United States, 1856-1920”. In: Kindergartens and cultures: the global diffusion of an idea. Ed. by Barbara Beatty. New
Haven: Yale University Press, 2000, pp. 42–58.
23. Heiland, “Friedrich Fröbel (1872-1852)”. p. 11-13.

From Crystallography to Pedagogy | 31

in favor of focusing on the instrumental character of the learning materials
used in the kindergarten.24 These misunderstandings largely derived from the
interdisciplinary sources of his method and the pantheistic view of natural
development at the core of his educational program.25 His view of God, as
the creative force of all physical phenomena, placed his theory of education
within a religious framework, resulting in an underestimation of his notion of
children’s self-development in concordance with nature.
The origins of Fröbel’s notion of God as the force within creation, however,
were not exclusively religious, but rather the product of a broad interdisciplinary approach including crystallography, pedagogy and philosophy. Fröbel
was born in Oberweißbach, in what is today the state of Thuringia in Germany
on April 21, 1782. His mother died the year after he was born, and his father’s
second wife did not pay him any attention. Despite that his father, the pastor of
a Lutheran community, introduced him to religion through a close study of the
Bible. A lonely boy left to his own devices, Fröbel developed a strong interest
in religion, as well as in the observation of the plants and forest of his town.
This interest in nature led him to train to be a forest ranger in his adolescence
from 1777 to 1779. He attributed his abilities in geometry and surveying as
well as the strength of his observation of nature to this experience. His interest
in nature leaded him to the Jena University to study natural sciences from 1799
to 1801, which he was forced to abandon due to financial issues. In 1802, he
got a position as forest surveyor “at Baunach near Bamberg and later in Bamberg itself,” which he stopped in 1803 to work as an architect between 1804
and 1805.26 Later in 1811, Fröbel went to the Göttingen University to study

24. cf. Compayré, The History of Pedagogy. p. 462-463.; cf. Kate Wiggin and Nora
Smith. The Republic of Childhood. Froebel’s Gifts. Boston, New York: Houghton
Mifflin, 1895. p. V-IX.; The fifth chapter addresses the case of kindergartens
in the United States based on the education of future citizens for an industrially
developed country, which was proposed and supported by the kindergartens’
educators as well as by the U.S. Commissioner of Education during the last
decade of the nineteenth century.
25. cf. Lieselotte Heller. Die zahlenmystischen Wurzeln der Spieltheorie. Vol. 314.
Europäische Hochschulschriften Reihe 11, Pädagogik. Frankfurt a. Main, Bern,
New York, Paris: Peter Lang, 1987. p. 11.; cf. Rudolf Lassahn. “Naturwissenschaft und Technik im Denken Fröbels”. In: Pädagogische Rundschau 37
(1983), pp. 283–296. p. 288-289.
26. Heiland, “Friedrich Fröbel (1872-1852)”. p. 2-3.
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Figure 2.1: Friedrich Fröbel (1782-1852). Adolf Neumann, 1882.

chemistry, physics and mathematics from 1811 to 1812. Fröbel finished his
training in natural sciences in Berlin. There, he studied chemistry, mineralogy,
crystallography, physics and geography between 1812 and 1814 and worked
with Weiß between 1814 and 1816.27 However, before his formal studies in
Göttingen and Berlin he worked as a tutor in Pestalozzi’s educational centers,
where he discovered his vocation for pedagogy.
Fröbel attained his first experience as an educator in Frankfurt-am-Main,
where he arrived in the summer of 1805. He worked in a school that followed
Pestalozzi’s precepts until 1806, at which time he left for Yverdon (Switzerland) to learn and work in a Pestalozzi’s center of educational until 1810.
The work with Pestalozzi introduced Fröbel not only to the notion of child

27. Fröbel, Friedrich Fröbel’s gesammelte pädagogische Schriften. p. 51.
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care without class discrimination and the vision of the mother as the primary
caregiver and, therefore, the principal receiver of the educational reports, but
also to Pestalozzi’s consideration of mathematics as a main lesson and his
teaching techniques, which comprised the use of illustrative materials.
Pestalozzi’s method, centered on the elementary education of children, was
divided in four main categories: language, counting, drawing and measuring.
Each category established in order to prepare children for a future formal
education in the arts and sciences.28 Pestalozzi believed that education should
be primarily oriented towards arousing children’s own capacities, and that
instructing children to observe and manipulate objects would lead them to
recognize the “sense-impression as the absolute foundation of knowledge.”29
This approach was based on Immanuel Kant’s (1724-1804) notion of “intuition” (Anschauung), an immediate and particular representation of an object
that can link empirical experience and rational analysis to develop concrete
knowledge.30 For instance, an object such as a door was approached as an arrangement of geometric solids with no regard to its other contextual elements,
or a concept such as the letter A was mastered by writing the name of different
cities that start with A such as “Altenberg,” “Altorf,” “Ambras,” etc.31 Keeping
in mind the drawing lessons and observation of natural manifestations, the
mathematics lessons were set up in the same way: introducing the concepts

28. Petra Korte. “Selbstkraft oder Pestalozzis Methode”. In: Der historische Kontext
von Pestalozzis «Methode». Ed. by Daniel Tröhler, Simone Zurbuchen, and
Jürgen Oelkers. Neue Pestalozzi-Studien 7. Bern [u.a.]: Paul Haupt, 2002,
pp. 31–46. p. 38-40.
29. Bowen, The modern west: Europe and the New World. p. 29.
30. cf. Immanuel Kant. Critik der reinen Vernunft. Riga: Johann Friedrich Hartknoch,
1781. p. 19-21. Although the notion of “intuition” in Peestalozzi’s pedagogy
is often associated to the precepts of Kant’s transcendental philosophy, it is
important to note that Pestalozzi used many different meanings to address this
notion that make the connection to Kant tenuous. See in this regard: Daniel
Tröhler. “"Methode" um 1800: Ein Zauberwort als kulturelles Phänomen und die
Rolle Pestalozzi”. In: Der historische Kontext von Pestalozzis «Methode». Ed. by
Daniel Tröhler, Simone Zurbuchen, and Jürgen Oelkers. Neue Pestalozzi-Studien
7. Bern [u.a.]: Paul Haupt, 2002, pp. 9–30.
31. Korte, “Selbstkraft oder Pestalozzis Methode”. p. 35-36.
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as abstract constructions without a practical approximation of them.32 Fröbel
was critical of Pestalozzi’s account arguing that although he used different
materials such as pebbles, seeds, flowers, and tree leaves to represent abstract
concepts, he only used them to acclimate children to specific topic goals.33
Fröbel considered that the connection of concepts to practical activities with
material representations was decisive for the thorough understanding of natural
phenomena. In fact, the use of different materials to represent abstract concepts was one of the relevant teaching techniques that Fröbel acquired during
his training and work at Yverdon. However, the form in which Fröbel applied
them became an important difference between his program of education and
that of Pestalozzi.34 In short, Pestalozzi envisioned a form of education that
was free of class discrimination. One in which mathematics was a relevant
lesson that combined his use of visual evidence to convey abstract concepts.
Lastly, he imagined an education system that viewed children as having a set
of capacities that required orientation. Each of these concepts exercised an
influence on Fröbel’s comprehension of children’s education.
In addition to his understanding of nature, society and the individual,
Fröbel’s education program for kindergarteners was informed by his readings
of texts by the philosophers Friedrich W. J. Schelling (1775-1854), Georg
Philipp von Hardenberg (1772-1801) and Ernst Moritz Arndt (1769-1860).35

32. cf. Johann H. Pestalozzi. ABC der Anschauung oder Anschauungs-Lehre der
Maßverhältnisse. Vol. 1. Zürich: Geßner; Cotta, 1803. p. V-X.
33. Friedrich Fröbel. “Friedrich Fröbel [...] im Verhältnis zu den Strebungen der
Zeit und Ihren Forderung”. In: Friedrich Fröbel’s gesammelte pädagogische
Schriften. Ed. by W. Lange. Vol. 2. Berlin: Verlag von Lh Chr. Fr.Enslin,
1862, pp. 239–270. p. 264-269.; Friedrich Fröbel. “F. Fröbel über Heinrich
Pestalozzi. Yverdun, den 1, -27. April 1809”. In: Friedrich Fröbel’s gesammelte
pädagogische Schriften. Ed. by W. Lange. Vol. 1,1. Berlin: Verlag von Lh Chr.
Fr.Enslin, 1862, pp. 154–213. p. 159-163.
34. cf. Helmut Heiland. “Der „authentische“ Fröbel (2004)”. In: Fröbelforschung aktuell: Aufsätze 2001-2010. Würzburg: Königshausen & Neumann, 2012, pp. 155–
188. p. 173.; Helmut Heiland. “Zur Aktualität von Fröbels Erziehungskonzept.
Fröbels Konzeption der Elementarbildung (2003)”. In: Fröbelforschung aktuell:
Aufsätze 2001-2010. Würzburg: Königshausen & Neumann, 2012, pp. 69–86. p.
79.
35. Heiland, “Friedrich Fröbel (1872-1852)”. p. 2-3.; Lassahn, “Naturwissenschaft
und Technik im Denken Fröbels”. p. 285.
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While the readings about Hardenberg and Arndt influenced Fröbel’s notion of
individuality and society in terms of nation, the text of Schelling instructed
Fröbel on the philosophical approach to nature. Nevertheless, Fröbel did not
conceive these concepts - nature, society and the individual —as a hierarchical
series, starting with the individual continuing up until nature, but as constitutive
parts of a “whole”, which has to be understood as a system of relation of
forces to achieve self-development.36 Fröbel became particularly familiar with
Schelling’s texts Von der Weltseele (On the World-Soul) and Bruno oder über
das natürliche und göttliche Primzip der Dinge (Bruno, or On the Natural
and the Divine Principle of Things) during his time as a surveyor.37 These
texts were part of the philosophy of nature that Schelling began to formulate
in Ideen zu einer Philosophie der Natur (Ideas Concerning a Philosophy
of Nature) that he wrote in 1797. Fröbel also knew Schelling during his
studies in Jena, nevertheless, at that time he was unable to grasp Schelling’s
philosophy about the dynamic creation of nature.38 It was only later on during
his continued study of the natural sciences in Göttingen and, most importantly,
of crystallography in Berlin that Fröbel conceived his ideas about the dynamic
notion of nature which helped shape his educational philosophy.39
In 1812, he began to study crystallography with Christian S. Weiß at
the Mineralogical Institute of the Berliner Universität, nowadays Humboldt
University of Berlin. Two years before Fröbel had arrived in Berlin, Weiß
was named Professor of Mineralogy, and, in addition of giving lectures on
the geometrical and physical structures of crystals, he was in charge of the
university’s mineralogical collection. During his time in Berlin, Weiß played

36. Bowen, The modern west: Europe and the New World. p. 337.
37. Friedrich Fröbel. “II. Autobiographisches. A. Aus einem Briefe an den Herzog
von Meiningen”. In: Friedrich Fröbel’s gesammelte pädagogische Schriften.
Ed. by W. Lange. Vol. 1,1. Berlin: Verlag von Lh Chr. Fr.Enslin, 1862, pp. 32–
118. p. 64.; cf. Helmut Heiland. Friedrich Fröbel in Selbstzeugnissen und
Bilddokumenten. Rowohlts Monographien. Reinbek bei Hamburg: Rowohlt,
1982. p. 14-15.
38. ibid. p. 14-19.
39. cf. Fröbel, “II. Autobiographisches. A. Aus einem Briefe an den Herzog von
Meiningen”. p. 104-105.; cf. Heiland, Friedrich Fröbel in Selbstzeugnissen
und Bilddokumenten. p. 44-45. The implications of Schelling’s proposal in the
development of building blocks for the kindergarten will be addressed in the next
chapter.
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an important role in establishing crystallography as an independent discipline:
not only introducing a system to mathematically classify the structures of
crystals and thus deducing the seven groups of crystal symmetry, but also
formulating the concept of a crystal “field” (Zone)40 which is still used today
for analyzing and classifying crystal structures.41
During his studies in Berlin between May of 1813 and June of 1814, Fröbel
voluntarily joined the war effort against Napoleon Bonaparte.42 Furthermore,
his military service guaranteed him a two-year position at the Mineralogical
Collection of the Berliner Universität under the supervision of Weiß, which he
started one month after finishing his service in the war. In April 1816, Fröbel
decided to quit his carrier in crystallography and assumed responsibility for
the education of the children of his late brother, who had been orphans since
December 1813.43
40. Christian S. Weiß. “Uebersichtliche Darstellung der verschiedenen natürlichen
Abtheilungen der Krystallisationssysteme”. In: Abhandlungen der physikalischen Klasse der Königlich-Preussischen Akademie der Wissenschaften in Berlin
us den Jahren 1814–1815. Berlin: Realschul-Buchhandlung, 1818, pp. 289–
336.; Christian S. Weiß. “Über eine verbesserte Methode für die Bezeichnung
der verschiedenen Flächen eines Krystallisationssystemes; nebst Bemerkungen
über den Zustand von Polarisirung der Seiten in den Linien der krystallinischen Structur. (20.02.1817)”. In: Abhandlungen der Physikalische Klasse der
Königlich-Preussische Akademie der Wissenschaften aus den Jahren 1816-1817.
Berlin: Realschul-Buchhandlung, 1819, pp. 286–336. p. 306.
41. cf. Marjorie Senechal. “Brief history of geometrical cristallography”. In: Historical Atlas of Crystallography. Ed. by J Lima de Faria. Dordrecht, Boston, London:
Kluwer Academic Publishers, 1990, p. 158. p. 43-46.; cf. K. H. Wiederkehr.
“Christian Samuel Weiß (1780–1856) unter dem Einfluss der romantischen Naturphilosophie und sein Briefwechsel mit H. Chr. Oersted über Atomistik und
Dynamik”. In: Centaurus 31.1 (1988), pp. 63–85. p. 72-76.
42. This was the last battle against Napoleon which finished the French period in
Germany in 1815. During this experience, Fröbel made the acquaintance of two of
his eventual advocates and colleagues in the kindergarten, Wilhelm Middendorff
(1793-1853) and Heinrich Langethal (1792-1879).
43. Friedrich Fröbel. “Das Entlassungsgesuch [F. Fröbel am Hohe Ministerium des
Innern. 09.04.1986 ]”. In: Friedrich Fröbel ausgewählte Schriften. Briefe und
Dokumente über Keilhau. 1809-1851erste Versuch der Sphärischen Erziehung.
Ed. by Erika Hoffmann and Reinhold Wächter. Vol. 5. Stuttgart: Klett-Cotta,
1986. p. 81.; cf. Heiland, “Friedrich Fröbel (1872-1852)”. p. 6.
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In his texts, Fröbel sometimes explicitly refers to his understanding of
crystallography and crystal structure. In the extract From a letter to the Duke
from Meiningen (1824) he expressed how his time in Berlin under Weiß
developed his interest in “the notion of the solid, the notion of crystal form,
the mineral body and the notion and explanation of the physical sprouts of
nature.”44 In the same letter, Fröbel went on to argue that the study of the
structure and composition of rocks and crystals became a path to analyze
and address the relationship between humans and nature as elements of an
equivalent system.45 Fröbel’s understanding of crystallography, mineralogy
and the composition of the earth are compiled in his theoretical and technical
descriptions in the thirty letters that he interchanged with Weiß between April
of 1813 and June of 1814. These letters correspond to “158 (PC)-Seiten,”
with “135,5” containing precise “geological observations in some cases with
atmospheric images of landscapes as well as descriptions of landscapes”46
In an epoch in which children began to be considered as infants in need of
a systematic education, Fröbel’s kindergarten proposed an interdisciplinary
vision, which he had synthesized from his knowledge of crystallography,
pedagogy and philosophy. While the theory of crystallization proposed by
Weiß influenced Fröbel’s philosophy of education, the techniques to develop
the Gifts and Occupations for the kindergarten were rooted in a geometrical
approach that will be discussed in the next sections.

T HE G EOMETRY

OF

G OD

In the late-eighteenth and early-nineteenth century, geometry was the technique of communication, while models and drawings were used to plot the
observations of crystals in terms of angles, faces and solids. The studies of
crystallography executed by Fröbel in Berlin adhered to these norms, and the
44. die Ansicht von der Festgestalt, die Ansicht von der Kristallgestalten, den Mineralkörpern und die Ansicht und Erklärung der physikalischen Naturerscheinungen.Fröbel, “II. Autobiographisches. A. Aus einem Briefe an den Herzog von
Meiningen”. p. 105-106.
45. ibid. p. 112.
46. geologische Beobachtungen, teilweise mit Stimmungsbildern von Landschaften
bzw. Landschaftsbeschreibungen. Helmut Heiland. Fröbelforschung aktuell:
Aufsätze 2001-2010. Würzburg: Königshausen & Neumann, 2012. p. 59.
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mathematics and descriptive geometry he used in his crystallographic work
carried over into the design of his learning materials, including building blocks,
to be used in his kindergartens. Historians of education and pedagogues have
largely approached the mathematical character of Fröbel’s educational program and kindergarten materials from an aesthetic point of view that can be
divided into two main perspectives. Either the mathematical underpinnings
have been linked to a pedagogical interest in teaching arithmetic and natural
science,47 or the forms of the learning materials have been metaphorically
compared with the forms of crystal models.48 In recent approximations, pedagogues, architects and crystallographers have also indicated that the order
of the learning materials for kindergarteners, named as gits and occupations
belong to a sequence of points, lines, areas and solids that was used to establish
a linear and congruent program of education, rooted in geometry.49 In contrast
to these analyses in which the geometric relations between the development of
crystallography and education of kindergarteners have remained opaque, the
almost forgotten research from Elmar-Bussen Wagemann, Quadrat, Dreieck,
Kugel (Square, Triangle, Sphere, 1959) shows the direct influence of Weiß’s
crystallography in the work of Fröbel.50 Considering these previous analysis,
this section will examine how the notion of crystallization conceived in the
formative stages of crystallography as an independent discipline became the
filter that Fröbel used to set up the principles for his philosophy of education.

47. cf. Lassahn, “Naturwissenschaft und Technik im Denken Fröbels”.; cf. Wiggin
and Smith, The Republic of Childhood. Froebel’s Gifts.
48. cf. Helmut Heiland. “Fröbels Pädagogik der Kindheit. Didaktische Überlegungen
zu seiner Spielpädagogik (2010)”. In: Fröbelforschung aktuell: Aufsätze 20012010. Würzburg: Königshausen & Neumann, 2012, pp. 317–349. p. 326.;
cf. Fröbel, “II. Autobiographisches. A. Aus einem Briefe an den Herzog von
Meiningen”. p. 51.
49. cf. Zinguer, Architecture in play. p. 36, 84.; cf. Bart Kahr. “Crystal Engineering
in Kindergarten”. In: Crystal Growth & Design 4.1 (Sept. 2003), pp. 3–9. p.
4-6.; cf. Jeanne Rubin. Intimate Triangle: architecture of crystals, Frank Lloyd
Wright and the Froebel Kindergarten. 1st ed. Huntsville, AL: New Century
Pharmaceuticals, 2002. p. 186.; cf. Brosterman, Inventing Kindergarten. p. 36,
84.
50. cf. Wagemann, Quadrat, Dreieck, Kugel: die Elementarmathematik und ihre
Bedeutung für die Pädagogik bei Pestalozzi, Herbart und Fröbel. p. 145-154.
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Between Molecular and Polar Theories
During the latter half of the eighteenth century, French, Swedish and German
scientists began to analyze the geometric patterns of crystals, which gave rise
to the formation of crystallography as an independent discipline. The fact
that crystals cleave along definite structural planes led early crystallographers
to pursue a process of mathematical systematization through which the parameters of internal structure of crystals could be derived. Crystallography
achieved independence as a discipline by analyzing nature as a discrete and
mathematically expressible arrangement of elements. In its early days, the
new discipline’s greatest achievement was the mathematical study of crystal
structures developed during the last thirteen years of the eighteenth century
and the first part of the nineteenth century. It was then that the geometric and
trigonometric analysis for classifying crystals was consolidated into a standardized method. Although the observation of crystals has been included in
speculations on the composition of matter since the ancient Greeks, this period
synthesized the previous initiatives into two groups of theories: “molecular”
and ”polar.”51
The molecular notion of crystal structure considered the arrangement
of minerals in terms of small immutable particles or atoms with the same
morphological features. To build groups of molecules other particles were
aggregated to this core, and the adhesion of these molecules then constructed
a basic form or a geometric pattern that defined the external, physical and
chemical characteristics of crystals. In this perspective, crystals solidified
through a force of attraction that produced a “mechanical” aggregation of
molecules.52
In the eighteenth century, one of the most representative figures of the
molecular theory of crystals was the Abbe and biologist René-Just Haüy
(1743-1822). He considered that breaking down a crystal following the parallel direction of its layers will result in the discovery of a specific kernel

51. cf. Burke, Origins of the Science of Crystals. p. 10-51.
52. John N. Lalena. “From quartz to quasicrystals: probing nature’s geometric
patterns in crystalline substances”. In: Crystallography Reviews 12.2 (Apr. 2006),
pp. 125–180. p. 135-138.
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or “primitive forms” (forme primitive).53 The progressive breakdown of this
“primitive form” leads, in turn, to smaller polyhedral forms (see Figure 2.2),
which were called “integrant molecules” (intégrant molécules).54 Finally, these
molecules were constituted by the arrangement of minerals during the process
of crystallization. The growth of crystals here is seen as a function of a set of
geometric patterns with the structure of crystals being defined in reference to
a system of elements whose combination and aggregation allow the deduction
of a varied set of crystal morphologies. Thus, while the “integrant molecules”
were limited to solids such as the “tetrahedron, triangular prism and cube,” the
“primitive forms” were comprised by “parallelepiped, octahedron, tetrahedron,
hexagonal prism, rhombododecahedron [and] dipyramidal decahedron.”55 In
addition, Haüy’s observations of the cleaving process of crystals allowed him
to postulate two laws: first, the “law of decrement,” which was based on the
mathematical calculation of the rules by which molecules are subtracted from
crystals during the process of breakdown; and second, the “law of symmetry,”
which refers to the regular and uniform shape of crystal obtained from applying
the “law of decrement” on all places of the kernel.56 For example, in the Figure
2.2, the drawing at the left (Fig. 13.) Haüy represented the cleavage feature of
a calcite, whose crystallization form is a cube. Therefore, the subtraction of
molecules in the eight edges of the cube conduces to its primitive form: the
octahedron (Fig. 9). The subsequent subtraction of molecules on the edges of

53. Just-René Haüy. Essai d’une théorie sur la structure des crystaux, appliquée
à plusieurs genres de substances crystallisée. Paris: Chez Gogué & Née de la
Rochelle, Libraires, 1784. p. 49-50.
54. ibid. p. 175-181.
55. L. Touret. “Crystal models: milestone in the birth of crystallography and mineralogy as sciences”. In: Dutch pioneers of the earth sciences. Ed. by Jacques
L. R. Touret and R. Visser. History of science and scholarship in the Netherlands
v. 5. Amsterdam: Koninklijke Nederlandse Akademie van Wetenschappen, 2004,
pp. 43–57. p. 54.
56. cf. Haüy, Essai d’une théorie sur la structure des crystaux, appliquée à plusieurs
genres de substances crystallisée. p. 56-68.; cf. Just-René Haüy. Traité de
Minéralogie. 1st ed. Vol. 1. Paris: Chez Louis, 1801. p. 37-51.
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the octahedron generates in the tetrahedrons (Fig. 10), the integrant molecule
of calcite.57
Haüy published his analysis, drawings and calculations in the Essai d’une
théorie sur la structure des crystaux (Essay of a Theory on the Structure of
Crystals, 1784) and in the five volumes of the Traité de minéralogie (Treatise of
Mineralogy, 1801), which became a reference work for teachers of mineralogy
and crystallography in the first decade of the nineteenth century. Christian
S. Weiß, Fröbel’s professor, was very familiar with the molecular theory of
Haüy. In 1802, Weiß collaborated with the mineralogist Dietrich Ludwig
Gustav Karsten (1768-1810) to translate the five volumes of Haüy’s treatise
into German, which would later be published between 1804 and 1810. In
addition to translating this text, Weiß, added many critiques concerning the
geometry of the molecular theory as well as a text in the appendix of the first
volume explaining the principles of his polar theory.58
In contrast, to the molecular theory, the polar theory considered the growth
of crystals in terms of a dynamic arrangement of forces in a specific point.
Weiß was one of the principal defenders of the polar theory. In Dynamische
Ansicht der Kristallisation (A Dynamic Notion of Crystallization, 1804) and
his dissertation, written in Latin, De Indagando Formarvm Crystallinarvm
Charactere Geometrico Principali (On the Determination of the Principal
Geometric Character of Crystaline Forms, 1809) Weiß presented this dynamic
principle of crystallization based on the chemical attraction and repulsion of
opposite forces, which determined the geometric distribution of crystals.59 In
this vein, and contrary to the parallel aggregation of particles proposed in the
molecular theory, Weiß viewed a crystal structure as a system of interlocked
rotation axes, represented as conceptual lines, that traverse the crystal in dif-

57. ibid. p. 10-20.; cf. Just-René Haüy. “Enthaltend Tabellen über die Kennzeichen
und das System der Mineralien”. In: Lehrbuch der Mineralogie. Trans. by D. L.G.
Karsten and C. S. Weiß. Vol. 5. Paris, Leipzig: C. H. Reclam, 1810.
58. cf. Christian S. Weiß. “Anhang. Dynamische Ansicht der Kristallisation”. In:
Lehrbuch der Mineralogie. Trans. by Dietrich L.G. Karsten and Christian S. Weiß.
Vol. 1. Paris, Leipzig: C. H. Reclam, 1804, pp. 365–389. p. 365.
59. ibid. p. 373-374.; Weiß, “Über eine verbesserte Methode”. p. 307. The translation
of Weiß’s dissertation was made by Henk Kubbinga in: Henk Kubbinga. “Crystallography from Haüy to Laue: controversies on the molecular and atomistic nature
of solids”. In: Acta Crystallographica Section A Foundations of Crystallography
68.1 (Jan. 2012), pp. 3–29. p. 15.
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Figure 2.2: Haüy’s system of integrant molecules of a garnet crystal, 1801.

ferent directions across each face. Thus, the growth of crystals were examined
according to the relation between the sine and cosine measurements formed by
the angles of axes and their symmetric features determined by the rotation of
the axes.60 These axes, for Weiß, represented opposite forces that were perpendicularly connected, signifying that their intersection was at the center of the
crystal and their rotation defined crystals’ different level of symmetry.61 Weiß
thought that these forces defined the conditions of matter’s cohesion through
attraction, at the same time, positing that they configured the external form of
crystals through the direction of repulsion. In this sense, the morphological
characteristics of crystals depends on the interrelation of forces, which can
be described throughout the geometric analysis of the axes of symmetry in a
particular space. In this account, nature “developed from the zero,” in which no
particular element was in the center, according to “the operation of attractive
forces which cause poles to unite and the operation of repulsive forces which

60. Weiß, “Über eine verbesserte Methode”. p. 304-305.
61. ibid. p. 315.
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prevented their complete fusion and consequent obliteration.”62 Here, one can
see that Weiß’s notion of crystallization was influenced by Schelling’s concept
of nature. In the Erster Entwurf eines Systems der Naturphilosophie (First
Outline of a System of the Philosophy of Nature), published in 1799, Schelling
argued that nature was determined by a dynamically and sequential periods of
arrangements, a system of opposite forces characterized by an “attractive and
repulsive” interaction. 63 Moreover, an analysis of the formation of “matter”
(Materia), according to Weiß, was only made possible by Schelling’s notion
of natural growth from an empty beginning.64
In 1815, five years after his dissertation, Weiß presented a classification
of crystals in six systems with many subdivisions, which provided the basis
for the seven systems of crystals that are used in crystallography today. This
classification was achieved according to the arrangement and the length of the
axes of symmetry in one particular point.65 The first and main system was
called the “regular or spheroidal systems” (Reguläres oder sphäroëdrische
Systeme) known in the modern notation as the cubic system.66 It was characterized by three interconnected axes with the same length that lay perpendicular
to one another. The name of this system was decided due to the similarities
between the arrangement of these axes with the rotation axes of the sphere. In
both cases the axes are interconnected in a right angle with the same length.
In addition, Weiß also considered the fact that the maximal growth of a crystal
in this system will delineate the shape of a sphere. In the terminology of

62. Burke, Origins of the Science of Crystals. p. 152.; Weiß, “Anhang. Dynamische
Ansicht der Kristallisation”. p. 367-368.
63. E.W.J. Schelling. Erster Entwurf eines System der Naturphilosophy. Jena, Leipzing: Christian Ernst Gabler, 1799. p. 24-25.; For a deeper discussion about
Schelling’s influence in Weiß’s notion of nature see: H. A. M. Snelders. “Romanticism and Naturphilosophie and the Inorganic Natural Sciences 1797-1840: An
Introductory Survey”. In: Studies in Romanticism 9.3 (July 1970), pp. 193–215. p.
197-198.; Wiederkehr, “Christian Samuel Weiß (1780–1856) unter dem Einfluss
der romantischen Naturphilosophie”. p. 71-72.
64. Weiß, “Anhang. Dynamische Ansicht der Kristallisation”. p. 366.
65. Weiß, “Uebersichtliche Darstellung der verschiedenen natürlichen Abtheilungen
der Krystallisationssysteme”.
66. The modern notation of these systems is written in parentheses.
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Weiß: “the sphere appears itself as a border”67 In this account, the sphere
became a geometric reference to analyze the morphology of crystals, while
its axes became the basic elements to study the different derivations of crystal
structures. This can also be observed in the next systems proposed by Weiß.
The second system was the “tetragonal system” (Viergliedrige), with two axes
of equal length connected in an orthogonal relation and one axis with different
length located perpendicular to the last two. The third system was called the
“orthorhombic system” (Zwei-und-zwei-gliedrige) and comprised three axes
with unequal length but connected in a right angle. The fourth system, the
“monoclinic system” (Zwei-und-ein-gliedrige), was composed by two axes
with unlike length that were not linked in a right angle and one axis located
perpendicular to the last two axes. The fifth system was the “triclinic system”
(Ein-und-ein-gliedrige) with three axes with dissimilar length arranged in
an angled unlike to 90°. The sixth system, the “hexagonal system” (Sechsgliedrige) consisted in three axes with the same length arranged in an angle
of 60° and one additional axis with different length perpendicularly located
to the other three axes. Finally, the seventh system was the “trigonal system”
(Drei-und-drei-gliedrige’) characterized by three axes of similar length with a
non-perpendicular arrangement. (see Figure 2.4).68 In the case of the cubic
system, Weiß was able to deduce the cube and the octahedron as the main
forms of this system by analyzing the symmetry related to the arrangement
of the rotation axes. (see Figure 2.3). The three axes of the cube go across
its surfaces, two perpendicular axes go through the surfaces of the horizontal
plane and one perpendicular goes on the surfaces of the vertical plane, showing
the cube’s four-fold symmetry. Likewise, these axes go across the corners of
the octahedron. Two additional kinds of axes define the symmetry of the cube:
one across the corners that exhibit the two-fold symmetry of the cube, while
the other axis goes across the edges presenting the cube’s three-fold symmetry.
The analysis of the axes of symmetry in the cubic system also foster Weiß
to propose, in addition to the cube and the octahedron, five supplementary

67. die Kugel selbst erscheint als Gränze.. Weiß, “Uebersichtliche Darstellung der
verschiedenen natürlichen Abtheilungen der Krystallisationssysteme”. p. 290.
68. Weiß called the last classification the “hemihedral systems” (hemiëdrischen
Systeme), denoting crystals that had half of the surfaces of the hexagonal system,
which he also named the “holohedral” system (homoëdrischen System), the system
that had all the surfaces needed to get a complete symmetry. ibid. p. 289-336. A
resume of this classification is found in the same text in the page 336.
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geometric forms for this system: rhombic dodecahedron, hexakis octahedron,
tetrakis hexahedron, triakis octahedron and deltoidal icositetrahedron (see
Figure 2.3).69 The analysis of the axes of symmetry and the classification of
crystals in seven groups were then the decisive parameter that Weiß introduced
to examine the morphological construction of crystals. Moreover, it is important to draw attention to the terminology and the geometric forms Weiß
deduced because, as it will be presented below, they can be found in Fröbel’s
texts on the education of children.
The geometric forms of Weiß’s system were finally systematized into a
regular distribution of points in space by the physicist Auguste Bravais (18111863) in 1848, as seen in the Figure 2.4. In these fourteen representations
of solids in “point lattice,” Bravais not only proved the constant geometry
and symmetry through which crystal could be classified, but also introduced
an accurate mathematical method to analyze crystals as an array of points
symmetrically and periodic organized rather than the aggregation of small
solids as proposed by Haüy.70 In this model of “lattice”, every point defines
only one vector, the intersection of two vectors configures a plane with an
angle between the vectors, and the intersection of one point of a plane with
another non-coplanar vector define a space. Thus, the angle between two faces
of a crystal indicates the relation and the direction of the vectors intercepted in
a specific point. Based on this bi-dimensional distribution of points in space
and the angles of the vectors was possible for Bravais to calculated the constant
periodic order of crystal’s compositions.71
Applying geometry to decipher the composition of crystals can be traced
back to the polyhedral studies of Plato and his theory that the four classical elements of nature are each associated with a particular geometric form:
tetrahedron-fire, cube-earth, octahedron-air and icosahedron-water.72 These

69. ibid. p. 291-294.
70. Auguste M. Bravais. Etudes Cristallographiques. Paris: Gauthiers-Villars, 1866.;
cf. John C. Greene and John G. Burke. The Science of Minerals in the Age of
Jefferson. Philadelphia: American Philosophical Society, 1978. p. 20.
71. Kubbinga, “Crystallography from Haüy to Laue”. p. 19.; Joachim Bohm, HansJoachim Bautsch, and Will Kleber. Einführung in die Kristallographie. München:
Oldenbourg Wissenschaftsverlag, 2010. p. 16-19.; Walter Borchardt-Ott. Kristallographie: eine Einführung für Naturwissenschaftler. ger. 7. Springer-Lehrbuch.
Berlin: Springer, 2009. p. 9-11.
72. Burke, Origins of the Science of Crystals. p. 14.
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Figure 2.3: Geometric solids in the cubic system of crystallization: octahedron, cube,
rhombic dodecahedron, hexakis octahedron, tetrakis hexahedron, triakis
octahedron and deltoidal icositetrahedron.
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Figure 2.4: Auguste Bravais’s representation of the seven systems of crystallization.
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polyhedra belonged to the first idealized conceptual and geometric system
of building blocks used to understand the development of matter according
to the arrangement and separation of particles. In the following centuries,
principally Arab and Asian mathematicians studied these polyhedra, until
the “Renaissance,” when Europeans renewed their interest in these geometric
patterns to describe the forms of minerals.73 The work of Johannes Kepler
(1571-1630), Christiaan Huygens (1629-1695), Robert Hooke (1635-1703),
Torbern Bergman (1735-1784), and Jean-Baptiste Romé de l’Isle (1736-1790)
presented the mathematical evolution to use these polyhedra patterns for explaining the regular composition of crystals before Häuy and Weiß proposed
their theories of crystallization.
However and in comparison to Haüy, Weiß’s understanding of the growth
of crystals introduced a paradigmatic change in the development of crystallography in the first part of the nineteenth century. His approach to symmetry
shows the inconsistency of Haüy’s conception of crystallization as the join
of particles through their sides to a center and offered a new mathematical
methodology to analyze the morphological growth of crystals. An additional
factor introduced by Weiß to analyze the structure of crystals in reference to the
axes and angles produced by their intersection was the spherical trigonometry.
The planar geometry used by Haüy focused on the edges and planes of the
crystals, which does not permit the measures of the all symmetries in a geometric shape of crystal. In contrast to the aggregation system of Haüy, Weiß’s
method enabled him not only to depict the angular relationships among crystal
faces, but also to demonstrate the arrangement of planes that are parallel to
one axis. Thus, by identifying the relations of the parallel crystal planes or
faces, the internal structural pattern of a crystal could be deduced.
Geometry, in short, became a fundamental field and a common language
that standardized the analysis of crystallization in nature as a set of arrangeable
elements in the sense of a system of building blocks. It boosted the development of the crystallography in Europe, principally in France and Germany,
provided the basis for the accurate description of crystal structures, fostered
the formation of crystallography as an independent science, and will be the
lens of Fröbel to apply knowledge from crystallography in his philosophy of
education.

73. cf. Lalena, “From quartz to quasicrystals”. p. 128-130.
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The “Philosophy of the sphere”
Fröbel should encountered Haüy’s work through the comment-filled translation
of Weiß as well as during Weiß’s lectures about his theory of crystal structure.
His notes on crystallography show many references to Haüy and Romé de
l’Isle.74 Between 1812 and 1814, Fröbel attended Weiß’s lectures, which were
divided into three main topics: philosophy of nature, mineralogy and crystallography.75 The titles of his lectures pertaining to crystallography illustrate
Weiß’s emphasis on the mathematical and geometric analysis of crystal structures. Weiß shortens his initial title for this lecture series, “Crystallography or
geometrical and mineralogical-physical theory of crystals and the crystal structure” (Kristallographie oder geometrische sowie mineralogisch-physikalische
Theorie der Kristalle und der kristallinen Struktur), to “Mathematical lecture
of crystallization” (Mathemathische Krystallisationslehr) until deciding to
call them by the technical name of “Crystallography” (Krystallographye).76
In contrast to the lectures on crystallography, his lectures on mineralogy included practical exercises and observations with specimens and models of
crystals. Fröbel’s deep interest in the analysis of the geometric shapes of
crystals as a method to understand the formation of nature can be found in the
drawings and descriptions of the crystal’s geometric patterns recorded in his
personal notes and in his program of education, compiled and published in
Die Menschenerziehung (The Education of Man, 1826).
Fröbel did not further develop Weiß’s geometry for the analysis of crystals.
Rather, he applied Weiß’s understanding of geometry to examine and speculate
how growth occurs in humans and nature. In contrast with the scientists of his
time, Fröbel held that inorganic and organic entities were defined through the
same principles of composition as defined by God. In Die Menschenerziehung,

74. Friedrich Fröbel. “Kristallografie. Wintersemester 1815/16 [4.2 Kolleg- und
Studienhefte]”. In: DIPF / BBF / Archiv: Nachlass Friedrich Fröbel, Fröbel 337,
1815.; Friedrich Fröbel. “Über die philosophische Studium der Naturwissenschaft
von Prof. Weiß [4.2 Kolleg- und Studienhefte]”. In: DIPF / BBF / Archiv:
Nachlass Friedrich Fröbel, Fröbel 334, 1816.
75. Günter Hoppe. “Zur Geschichte der Geowissenschaften im Museum für
Naturkunde zu Berlin Teil 4: Das Mineralogische Museum der Universität Berlin
unter Christian Samuel Weiss von 1810 bis 1856”. In: Fossil Record 4.1 (2001),
pp. 3–27. p. 6-7.
76. ibid.
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he presented the notion of God as an entity of creation that was present in every
materialization. Thus, nature, which for Fröbel also included human beings,
and the artificial world were part of a system based on the dynamic relation
of opposite forces in which the creation and subsequent growth in nature was
achieved by God.77 Fröbel understood these principles of composition as the
arrangement of contrary elements, which he interpreted in terms of a constant
law: “the law of opposites” (das Entgegengesetzte).78
“The law of opposites” is Fröbel’s ideal principle of creation. he related
to this law the individual inside every human being with the diversity of the
world outside, and through this law sought to address the physical behavior of
every organic and inorganic entity.79 He used the principles of this law not only
to explain the generalities and particularities of every concrete manifestation,
including constellations such as the cosmos, nature, children’s growth, flowers,
snowflakes, etc., but also abstract compositions such as the principles of
learning, language, children’s development, etc.80 Thus, in light of these
underlining abstract constructions, Fröbel was able to deduce a pattern present
in every concrete materialization that depicted the progressive stages of its
development. This method culminated in the application of the the geometric
notion of the sphere to define the regular system from which the growth in
nature and the creation of the world were synthesized.
All individuality and diversity of earthly and natural compositions, all
inner observations of nature demonstrate the unity and inseparability of
matter and force. Substance (matter) and the self-acting force are equal
to one another, [they] are mutually dependent and develop automatically
from one point; neither is without the other, nor can one exist without
the other; [. . . ] The development of the self-acting force is presented in

77. Fröbel, Die Menschenerziehung. p. 32-34; 191; 250-251.
78. ibid. p. 61.
79. ibid. p. 177-188, 206.; Friedrich Fröbel. “Das Spiel und das Spielen der Kinder.
Des Kindes Leben, das erste Kindestun (1838)”. In: „Kommt, lasst uns unsern
Kindern Leben“. Aus dem Pädagogischen Werk eines Menschenerziehers. Ed.
by R. Boldt, E. Knechtel, and H. König. Vol. 3. Berlin: Volk und Wissen
Volkseigener Verlag, 1982, pp. 12–18. p. 14.
80. Fröbel, Die Menschenerziehung. p. 271, 305.
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all directions from all sides, free and unimpeded, the spatial appearance,
the physical product of it, is a sphere.81

In Fröbel’s account, the sphere embodied the physical representation of “the
law of opposites,” the unit among contraries. The sphere has only one surface
and one contact point with any other surface of a solid. However, for Fröbel,
the direct relation between point and surface is not exclusively morphological
or geometrical because the point represents the intersection of the undivided
original forces, in terms of “force” (Kraft) and “being” (Wesen), that define
the entirety of matter inside the sphere.82 Here, the sphere is presented as a
point of arrangement; an empty beginning where the forces of creation were
attracted and the essential elements of every material consolidation spreed out.
Fröbel identified in the sphere a binary logic of creation comprised by
the relationship between its surface and its core represented as a point and
projected as the sphere’s contact point to other solid. Thus, the surface,
the divisible element of the sphere was understood as the three-dimensional
embodiment of the point. At the same time, the point was considered as
the indivisible and movable element of the sphere, and therefore the element
from which every composition in nature started.83 This paradigmatic and
phenomenological duality of the surface and the point of the sphere was
Fröbel’s analogical path to set up a systematic notion of natural growth. He
considered that every element in the world shares the same formational laws
found in nature and represented in the sphere. Thus, if children understand
and follow “the law of opposites” contained in nature, they will grow up in
accordance with nature, and thereby, in accordance with God:
The human being shows in his outer appearance the way in which
the solid forms, in living in unity with himself, at first more onedimensionality, detail and incompleteness, and only later he attains
coincidence, correspondence, completeness, or the ascension to that

81. Alle Einzelheit und Mannigfaltigkeit der irdischen und Naturgestalten, alle innere Anschauung der Natur zeigt, dass Stoff und Kraft ein in sich unzertrenntes
Eins sind. Stoff (Materie) und die selbsttätige, von einem Punkte aus allseitig
gleichtätige Kraft bedingen sich rein gegenseitig; keines ist ohne das andere und
kann ohne das andere bestehen; [. . . ] Entwickelt sich nun die Kraft und stellt
sie sich nach allen Richtungen hin allseitig, frei und ungehindert dar, so ist die
räumliche Erscheinung, das körperliche Erzeugnis davon eine Kugel. ibid. p.
197.
82. ibid. p. 224.
83. ibid. p. 219.
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state. This phenomenon of the movable [ sphere] in the course of the
evolution of nature and of man, as well as every phenomenon of this kind,
is most important for self-knowledge, self-education and the education
of others.84

Fröbel understood children education, in accordance with his parameters of
natural growth, as a progressive, active, and individual development that occurs
from childhood to adulthood. In this account, children did not start the learning
process as a tabula rasa because they were already a part of an interconnected
system that was composed of nature and the other materializations in the
world. Fröbel’s postulates about an equivalent development of humans and
nature regarding a system of contrary elements are known as the philosophy of
the sphere.85 This philosophy postulates that every person could understand
their “living potential” if they were to live and act according to their own
natural essence, determined by their self-reflection (inside) and self-expression
(outside).86 For Fröbel, the combination of analysis (understanding and internalizing the compositional law of the world) and experimentation (self-doing
to reach the compositional features of these laws) results in the autonomous
development of a child in concordance with nature.87
In the context of Fröbel’s educational program, “the law of opposites”
was incorporated into a system containing multiple levels of relations (selfreflection/self-action, human/nature, culture/nature and human/culture) that
sought to provide children with a habitat and materials conducive to understanding the binary principles of nature’s composition. While the materials
corresponded to different sets of elements that Fröbel designed to foster the
self-development of children, the habitat of learning and self-development
84. der Mensch zeigt in der äußern Erscheinung, wie die Festgestalt, beim lebendigen in sich Tragen der Einheit zuerst mehr Einseitigkeit und Einzelheit, Unvollständigkeit, und erst später erringt er Gleichseitigkeit, Übereinstimmung,
Vollkommenheit, steigt zu dieser herauf. Diese Erscheinung des Gleichlaufenden
[the sphere] in dem Entwicklungsgange der Natur und- des Menschen ist so wie
jede Erscheinung dieser Art für Selbsterkenntnis für Selbst- und Anderererziehung
höchst wichtig. Fröbel, Die Menschenerziehung. p. 203.
85. Friedrich Fröbel and Helmut Heiland. Friedrich Fröbel in seinen Briefen.
Würzburg: Königshausen & Neumann, 2008. p. 173.; Heiland, “Der „authentische“ Fröbel (2004)”. p. 167.
86. Heiland, “Friedrich Fröbel (1872-1852)”. p. 5.
87. Fröbel, “Das Spiel und das Spielen der Kinder. (1838)”. p. 17-18.
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involved the home environment as well as the kindergarten. In opposition to
the educational methods of the first part of nineteenth century, Fröbel argued
that children should embark on the learning process from birth and it should
continue throughout their infancy. Therefore, he recommended that parents
help children to cultivate their self-reflection and self-expression by singing,
playing, and encouraging them to observe nature,88 laying the groundwork for
subsequent mentoring by tutors at educational centers.
The form that Fröbel advocated as the most effective way to integrate
“the law of opposites” into the activities at the kindergarten was learning by
playing. Playing to sing, playing to build, and playing to reproduce forms of
nature, based on idealized geometric representations, were part of the everyday
activities at the kindergarten. Fröbel considered play as a natural activity of
children. He felt that by encouraging their natural tendency towards playing,
children would best come to understand the relationships among the elements
in nature’s composition, and consequently develop the capability to articulate
them in accordance with the laws of nature.89 Play was thus not conceived
as an additional activity outside the educational curriculum, but rather as a
basic component of learning and self-development throughout all the stages of
childhood. Play, by extension, became the chosen vehicle to introduce children
to the laws of nature expressed in the philosophy of the sphere. For this to
occur, Fröbel suggested to parents and tutors not to impose the achievement
of a specific task on children’s playing, but rather to motivate them to play
according to their own nature and capacities.
Fröbel began to formulate the principles for the philosophy of the sphere
during his time in Göttingen,90 but it was after his studies in Berlin that
he could develop the notion of nature according to the systematic approach
that he connected to the education of children. According to Wagemann,
Fröbel’s notion of growth in nature, which describes a dynamic system of
interrelations reflects not only the principles of Weiß’s polar theory, but also

88. cf. Fröbel, “Entwurf eines Planes zur Begründung und Ausführung eines KinderGartens, einer allgemeinen Anstalt zur Verbreitung allseitiger Beachtung für des
Lebens der Kinder, besonders durch Pflege ihres Tätigkeitstriebes. (1840)”. p.
193.
89. Lassahn, “Naturwissenschaft und Technik im Denken Fröbels”. p. 138.
90. Heiland, Friedrich Fröbel in Selbstzeugnissen und Bilddokumenten. p. 41-46.
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the terminology that Weiß used in his texts.91 In fact, in the Dynamische
Ansicht der Kristallisation, Weiß presented the attraction and repulsion of
“opposite forces” (entgegengesetzten Kräfte) as a chemical process that always
stays in the consolidation of matter.92 Weiß used the concept of force only
to describe the principles of the dynamic system, but he did not relate it to
the notion of God according to the terms in which Fröbel expressed it. This
expanded interpretation was entirely an invention of Fröbel.
In the same text, Weiß also drew on to the concept of the sphere to denote
the place where the forces in any material unfold. The sphere services here as
an analogy to the space were “the chemical repulsion appears as the positive
one (the multiplying one of the products), the binding power as the limiting
one, negative.”93 This notion of the sphere is adapted to refer the principles
of the dynamic growth of matter in general terms, in the same way as Fröbel
proposed in the adaptation of the sphere for explaining the law of opposites. In
1815, Weiß presented the concept of the sphere to establish a main reference
between the axes of the sphere and the three interconnected rotation axes of
symmetry described in the cubic system. Weiß used these similarities in the
axes to call the actual cubic system of crystallization as the “Regular (spherohedral) system” (Reguläres (sphäroedrisches) System).94 This shows a direct
conceptual relation in Fröbel’s and Weiß’s notion of the sphere. Although
Fröbel assumed the sphere as the main form where every creation starts, then
presenting the formation of matter primarily under the principles of the cubic
system, his lessons on observing nature, as explained in the next section, show

91. Wagemann, Quadrat, Dreieck, Kugel: die Elementarmathematik und ihre Bedeutung für die Pädagogik bei Pestalozzi, Herbart und Fröbel. p. 192-197.
92. “It is understandable how the two opposing forces of chemical union and separation must be eternally in conflict with each other in every matter.” In original: Es
ist begreiflich, wie die beiden einander entgegengesetzten Kräfte der chemischen
Vereinung und Trennung in jeder Materie ewig im Conflict mit einander seyn
müssen. Weiß, “Anhang. Dynamische Ansicht der Kristallisation”. p. 371.
93. die chemische Repulsion als die positive (die vermehrende der Produkte), die
Vereinigungskraft dagegen als die beschränkende, negativ erscheinen. ibid. p.
372.
94. Weiß, “Uebersichtliche Darstellung der verschiedenen natürlichen Abtheilungen
der Krystallisationssysteme”. p. 289.
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that he also considered the notion of natural growth regarding the geometric
parameters of the other systems of crystallization proposed by Weiß.95
Fröbel’s adaptation and extension of Weiß’s concepts, demonstrate that the
philosophy of the sphere comprised not only an educational conception based
on a pedagogical component characterized by children’s learning through
doing (playing), but also an understanding of the principles of crystal systems
and an ontological approach to systematically understand natural growth. This
new perspective of Fröbel’s notion of the sphere contradicts previous attempts
to relate Fröbel’s philosophy of the sphere with the atomistic development of
nature, in which the sphere was also the common geometric metaphor used to
designate the elements of which nature was comprised.96 Moreover, Fröbel’s
philosophy of the sphere was firmly entrenched in the epistemological tradition
of empiricism, as the earlier pedagogical vision of Pestalozzi and philosophers
such as John Locke (1632-1704)97 but, at the same time and more importantly,
in the approach of idealism with roots in Schelling’s philosophy of nature and
Weiß’s notion of crystallization.98

T HE C ODE

OF

N ATURE

Fröbel did not merely determine the underlying principles of growth in nature
in geometric terms. Geometry was also determinant for the design and classification of the Gifts and Occupations used in the kindergarten to foster children’s
autonomous acquisition of the skills to understand and represent their world
through abstract compositions.99 The Gifts were manufactured in wood and
wool, while the Occupations principally contained different pieces of paper,
95. Wagemann, Quadrat, Dreieck, Kugel: die Elementarmathematik und ihre Bedeutung für die Pädagogik bei Pestalozzi, Herbart und Fröbel. p. 186-188.
96.

cf. Rubin, Intimate Triangle. p. 87.; cf. Brosterman, Inventing Kindergarten.
p. 22.; cf. Lassahn, “Naturwissenschaft und Technik im Denken Fröbels”. p.
286-289.

97. The pedagogical method of John Locke and his influence in the development of
building blocks will be addressed in chapter four.
98. cf. Weiß, “Anhang. Dynamische Ansicht der Kristallisation”. p. 366.
99. Fröbel, “II. Autobiographisches. A. Aus einem Briefe an den Herzog von Meiningen”. p. 50-51.; cf. Heiland, “Zur Aktualität von Fröbels Erziehungskonzept”. p.
72.
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wooden plates and sticks and sets of stones and peas. The Gifts were ordered
in a progressive sequence beginning with the notion of point and continuing on
to the concepts of lines, areas and solids. They were numbered from one to six
(first Gift, second Gift, etc.) regarding a progression from simple to complex.
Contrary to the Gifts, the Occupations did not have a numbered sequence.
Fröbel started to describe these materials in the 1830s. However, revisiting
Die Menschenerziehung from 1826 shows that the precepts used to design
and order these learning materials had the roots on geometric principles that
Fröbel adapted from Weiß’s techniques to analyze crystals. Examination also
demonstrates that the philosophy of the sphere, and the Gifts and Occupations
all depend on a code of composition. This code is determined by Fröbel’s
geometric notion of the point, as the indivisible element that defines the growth
in nature. Therefore, this section focuses on Fröbel’s notion of the point as
the main element of his code of composition and takes the first Gift, second
Gift and some learning activities made with them to propose a new vantage
point from which to deal with the historical development of the education of
children, the building blocks and their implications in the configuration of
cultural practices.
Toward a Geometry of Nature
To depict the dynamic interrelation of forces in the natural growth, Fröbel
used a binomial representation based on the geometric relation between the
point and the surface of the sphere.100 Fröbel designated the sphere as the
space where every material manifestation evolves through the autonomous
extension of the forces from one particular point in opposite directions and
different sides.101 In the same case as Weiß, Fröbel posited the sphere as the
main reference to analyze the growth in nature. However, Fröbel related the

100. Fröbel, Die Menschenerziehung. p. 252.
101. “The reason even in the smallest and slight unfold and contraction of material’s
movement is the originally spherical striving of the inherent force; it is the original
striving of the force that autonomously develop and appear itself from one point,
in all directions at the same time”.Der Grund der bis ins Kleinste hin an sich und
in sich leichten Verschiebbarkeit des Stoffes ist das ursprünglich kugelige Streben
der inwohnenden Kraft; ist das ursprüngliche Streben der Kraft, sich von einem
Punkte aus selbsttätig, allseitig gleichtätig zu entwickeln, darzustellen. ibid. p.
197.
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progressive formation of every solidification according to the “autonomously”
unfolding of the point in a spatial relationship with the sphere from one
dimension (direction and line) through two dimensions (flat and area) to three
dimensions (volume and solid).102
To approach Fröbel’s notion of the point and the sphere is, however. necessary to recapitulate Weiß’s geometrical conceptualization of the rotation axes
of symmetry. As presented before, Weiß considered the axes as conceptual
lines, that were characterized regarding their spatial arrangement in order to
specify the grade of symmetry in the solids of the crystal systems. In the case
of the cubic system, the three orthogonal axes of symmetry permitted Weiß to
compare the symmetric features among crystals with the geometric forms of
the cube and the octahedron.103 In this regard, the axes of symmetry are not
only equivalent to the axes in the sphere, but also the sphere becomes the main
place in which the trigonometric relations of the polyhedral forms of crystals
could be mathematically addressed.

Figure 2.5: Fröbel’s geometric drawings of the octahedron, cube and sphere. ©

102. cf. ibid. p. 224.
103. Weiß, “Uebersichtliche Darstellung der verschiedenen natürlichen Abtheilungen
der Krystallisationssysteme”. p. 290.

