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Abstract Although a growing number of research articles in recent years have treated the
role of informal settings in science learning, the subject of the history of science in
museums and its relationship to informal and non-formal education remains less well
explored. The aim of this review is to assemble the studies of history of science in science
museums and explore the opportunities for the further use of the history of science in
science museum education practice.

1 Introduction

History of science has a long presence in formal science education. During the late 1960s
and early 1970s, an educational movement emerged (mainly in the Anglo-Saxon literature)
that argued for the benefits of using the history of science in secondary education. Initial
references also carry some preliminary perspectives on the advantages and disadvantages
of such a partnership (Brush 1969, 1974; Klopfer and Cooley 1963). These perspectives
characterize the research field diachronically, but the issues of instructional strategy
choices and methodological techniques with which history of science can be effectively
linked to science education are still open research questions.

The use of history of science in formal education is related to three trends in educational
research:

1. a humanistic approach to science teaching that aims to contribute to the ‘broad
cultivation’ and scientific literacy of pupils as citizens (e.g., Klopfer 1969; Langevin
1964; Matthews 1994);
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2. the development of student understanding of the nature and characteristics of scientific
knowledge, mainly via the ‘nature of science’ educational movement (e.g., Hodson
2008; Lederman 2007); and

3. the cognitive development of pupils and the shift of interest from methodological to
conceptual dimensions of scientific knowledge (e.g., Monk and Osborne 1997;
Nersessian 1992; Strauss 1988).

Despite the increasing influence of the history of science in formal science education
during recent decades, one cannot ignore the difficulties and the obstacles that a broader
educational use of the history of science faces. Among these, Hottecke and Silva (2010)
refer to the negative stance of educators to any proposed change to the traditional teaching
culture and the boundaries imposed upon educators by the official science curriculum that
either ignores or degrades the role and importance of history of science in teaching.

It is interesting therefore to examine what happens with the kind of dissemination of
history of science that originates or relates closely to the modern science museum. The
dissemination of history of science is related in this case with informal and non-formal
educational approaches.” What are the aims of this sort of dissemination, how are they
achieved, and how are they related to non-formal and informal education? The present
review aims to bring forward these issues and open a potential academic discussion. We
first discuss the types of museums that have been developed; we then analyze the history of
science as an exhibition and communication element; and finally, we approach the subject
as an educational element.

2 A Definition of a Science Museum and the Types of Science Museums

Museum studies have grown since the late 1960s following a considerable rise in the
number and types of museums worldwide. Museum studies literature offers a wealth of
definitions and classifications of museums organized mainly according to the academic
disciplines to which they refer through their collections, exhibitions and public
programmes.

The science museum is not a homogenous entity. The nature and characteristics of the
science museum can be studied through the variety of categorizations produced by both
museum professionals and museum researchers. These categorizations group museums
based either on the way in which these institutions confront collecting, displaying and
interpretation of objects and the way they conceive exhibition space (Wagensberg 2004) or
on the evolution of the science museum (De Clercq 2005; Friedman 2010). The latter are
significant not solely because the history of the museum as social institution as demon-
strated by the related literature on the history of museums and collections is a vital subject
(Arnold 2006; Findlen 1989, 1994; Impey and MacGregor [1985] 2001; Yanni 1999), but
also because this literature can be used to interpret the function of modern science

' In the present article, the terms informal education and non-formal education are considered as distinct
terms (Coombs and Ahmed 1973; Escot 1999; Eshach 2006). An informal educational process is not an
organized and systematic one that occurs in different educational settings (schools, museums, etc.). It is a
process -quite often unintentional- offered by the personal environment of an individual. The interrela-
tionship between the individual and the exhibition during a museum visit is a typical example of an informal
educational process. In contrast, non-formal educational environments are related to autonomous cultural
institutions that provide scientific knowledge, such as museums, and are environments that offer organized
educational activities (as in the case of educational programmes in museums or programmes that are
organized between school and museum).
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museums by either researchers coming from fields of inquiry other than museum studies
(i.e. science educators) or by science teachers (Koliopoulos 2003).

A history of the science museum goes back to the Renaissance collections of curiosities
and learned cabinets (for example, the cabinet of Francesco I de Medici in Florence
(Findlen 2000; Pearce 1993) and the collections of seventeenth century philosophical and
scientific institutions (e.g., collections held by the Royal Society of London). During the
second half of eighteenth century the first public museums with science collections make
their appearance, such as the Musée des Arts et Métiers in Paris (Ferriot and Jacomy 2000).
In museums of such a type, scientific objects were displayed as art objects and admired by
the upper class (Bennett 1995). University science collections fall into the same category
given that most of them have been created to act as repositories of worn and outdated
scientific apparatus once used in the teaching of physics and chemistry or collections of
objects related to the natural sciences (e.g., stuffed animals). The museum of the King’s
College London that was founded to host the King George III science collections in mid
nineteenth-century London is an interesting case in point, yet by the end of the century it
had become a mere repository (Filippoupoliti 2011). Between the middle of the 19th
century and World War II another type of museum emerged. During this time, museums
also embraced an explicit educational mission following the mid-nineteenth-century
demand for educating the lay public. The Science Museum in London (est. 1885) and the
Deutsches Museum (est. 1903) in Munich are examples of this category, although in recent
decades these museums have enhanced the exhibition space with modern design and
interactive exhibits (Durant 2000; Teichmann 1981).

During the twentieth century a new category of a science museum appears, while the
rest of the old-style, traditional, science museums are renovating their galleries in such a
way as to adapt to the museological approaches and museographical practices of the new
type of a science museum. A science centre has a distinct experimental philosophy that
moves from the display of the authentic object to create an original/meaningful museum
experience through active visitor participation. Beyond object worship, it is the exhibition
space that matters more as it assimilates the laboratory, a gallery of research and a place of
demonstration. Historically, this type of a science institution can be traced back to the
1930s, when the Palais de la Découverte in Paris was founded according to a rationale
relevant to the division of academic scientific disciplines, followed by the San Francisco
Exploratorium: the Museum of Science, Art and Human Perception (est. 1960s), which is
regarded as the ‘father’ of science centres (Hein 1990; Cole 2009). Another example is the
Cité des Sciences et de I’Industrie in Paris, in which the focus of exhibition activity is the
social use of natural sciences and technology (Caro 1997; Zana 2005). This science centre
has created a special children’s science museum that offers exhibitions and activities
designed to address the cognitive and emotional needs of young children (Guichard 1998).

3 History of Science as an Exhibit and Communication Element

History of science is an exhibited theme found in a variety of museum types. Museums of
the history of science distinctly safeguard, interpret and display the material culture of
science (Bennett 1997, 2005; Bud 1997; Camerota 2011). Museums of the history of
science are usually university museums that base their on collections of scientific instru-
ments and apparatuses once used in research and university teaching or on private col-
lections that have been donated to the museum. Two characteristic examples are the
Museum of the History of Science in Oxford (est. 1924) by the gift of the collection of
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Lewis Evans” to the University and the Whipple Museum of the History of Science at the
University of Cambridge founded in 1956 to house Robert Whipple’s® collection of sci-
entific instruments and rare books (Bennett 1997; Taub and Willmoth 2006). In these
institutions, the history of science is present in many ways, most importantly in the use of
elements of the history of science in exhibitions in which a part or the majority of the
scientific collections (authentic scientific instruments or biological specimens) is used.

Other categories of a science museum where history of science is potentially present are
non-university museums such as the Musée des Arts et Métiers in Paris and the Science
Museum in London that hold rich scientific collections make possible the presentation of a
history of science exhibition narrative even though the history of science is not a distinct
part of their institutional mission, institutions such as centres of scientific research and for
the popularisation of science (e.g. Royal Institution of Great Britain), scientific institutions
(e.g. Royal Observatory, Greenwich, England) and laboratories or the private premises of
eminent men of science that have become house-museums (e.g., the Charles Darwin Down
House in England and the Maison d’Ampeére in France).

The implementation of history of science can differ among museums according to their
type. Studying three institutions that display collections of historic astronomical instru-
ments, Maison (2002) suggested three different ways of exhibiting such collections. The
Musée des Arts et Métiers emphasizes the technological dimension of the displayed sci-
entific instruments, and the exhibition is based on historical evidence that presents a
holistic view of the technical culture from Renaissance to the present day. In contrast, the
Observatoire de Paris emphasizes the concepts of the physical sciences and how these are
intertwined with the function of astronomical instruments. Finally, the Royal Observatory
of Greenwich displays collections with the aim of presenting the social and economic
aspects related to the development of astronomy research over time.

Even though history of science as an academic discipline emerged during the first part
of the twentieth century, historic scientific instruments were already on display by the
second half of the nineteenth century in museums such as the King’s College London King
George III Museum as well as in international/world exhibitions such as the Special Loan
Exhibition in London in 1876. Historian Steven Conn has called the museum exhibition
culture of that period an ‘object-based epistemology’ (Conn 2000). According to that
perspective, the exhibited object (e.g. a scientific instrument) is able to confirm and support
the ‘scientific power’ of a phenomenon or an idea and therefore as a historic object can
stand as a symbol of scientific progress. For many decades in the early twentieth century
museums preserved the type of museological narrative that they inherited from their
nineteenth-century predecessors. For instance, scientific instruments and apparatuses were
preferably displayed in a thematic way and their mode of display reflected assimilated an
encyclopedia of natural sciences in wich each displayed object stood for a particular
scientific phenomenon or process.

During the 1980s, shifts in the museological and museographical approach to science
museums (Schiele and Koster 1998) in research trends in the history of science and in the

2 Lewis Evans (1853-1930) was a collector, brother of the notable archaeologist, Sir Arthur Evans, who
excavated the Palace of Knosos, Crete (Greece). See also P. de Clercq (2000). Lewis Evans and the White
City Exhibitions. Sphaere. The online journal of the Museum of the History of Science, University of Oxford,
available at http://www.mhs.ox.ac.uk/sphaera/index.htm?issuel 1/articl4.

3 Robert Stewart Whipple (1871-1953) donated more than 1,000 scientific instruments to the University of
Cambridge in 1944. See also S. De Renzi (1998). Between the market and the academy: Robert S. Whipple
(1872-1953) as a collector of science books. In R. Myers and M. Harris (eds), Medicine, Mortality and the
Book Trade (pp. 87-108). St. Paul’s Bibliographies: Oak Knoll Press.
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increasing interest of historians of science in science collections led to important changes
in the ways museum curators displayed the history of science in exhibitions. At least three
epistemological approaches can be identified in these museum exhibitions. The first
approach is the traditional one mentioned earlier that treats the history of science as the
documentation of objects and facts. The second approach treats the history of science as a
history of ideas and is not broadly used to weave a narrative into a science exhibition. In
this case, the authenticity of the science collection is of minor importance (i.e. whether
objects are historic scientific instruments or reconstructions). Emphasis is being given to
how an idea (or ideas) is born, developed and cognitively treated in order to give meaning
to objects. The Grande Galerie de I’Evolution of the Muséum National d’Histoire Natu-
relle in Paris focuses on the evolution of species (Van Praet 1995). Other examples of such
an exhibition approach include the following: The exhibition ‘Exploring the World,
Constructing Worlds: Experimental Cultures of Physics from the sixteenth-nineteenth
Century’ in the Museum of Natural History and Pre-History in Oldenburg, Germany
(Heering and Muller 2002) which addresses issues such as ‘Astronomical and experimental
practice in the sixteenth and seventeenth century’ and ‘The science of precision mea-
surement in the nineteenth century’ and the Galilean exhibit of the Exploratorium in San
Francisco, entitled ‘The Gravity-Powered Calculator’, which was also reconstructed by
Cerretta (2012). Exhibitions belonging to the above-mentioned two categories aim at
disseminating the content, the process and the product of science from an internal point of
view, the view of science. In contrast, a third approach considers trends in the history of
science literature that view science as an example of culture with particular practices and
tools that are affected, developed and transformed according to the cultural and historical
context in which developed, including non-scientific factors (Golinski 1998; Galison and
Thompson 1999; Daston 2000).

The above-mentioned modes of introducing the history of science in museums lead to
informal education and informal learning. Museum visitors and school groups in particular
can gain an interest in science as well as gain a popularized conception of the content and
method of science (Stocklmayer et al. 2010). However, this kind of popularization elim-
inates the systemic dimension of the meaning of scientific and historic knowledge and
consequently sometimes deforms and transforms it to such an extent as to alter totally its
meaning and, in still other instances, leads to paradoxical assertions (Jacobi 1999; Jurdant
2009). The risks stemming from the popularization of scientific and historical knowledge
could possibly be reduced if museums place more emphasis on the educational dimension
of communication and on their function as institutions for non-formal education (Escot
1999). This issue will be analytically treated in the following section.

4 History of Science as an Educational Tool

Science museums are gradually increasing their emphasis on their science education
functions (Teichmann 1981; Tran 2007; Stocklmayer et al. 2010). Museums produce a
wealth of educational material for all types of visitors, the design of which varies according
to type, content and creator. For instance, some materials are composed by in-house
museum professionals linking the programme directly to certain exhibits and perhaps
implying that an exhibit can easily be transformed to educational material.

Our review of the educational tools used by museums to communicate the history of
science elements identified four categories of educational material:
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Guided tours focused on narratives from the history of science. This is the simplest
educational intervention, engaging the history of science in a sequential science
museum guided tour. These tours typically present stories of people, ideas and/or
practices from the history of science field and may contribute to raising the interest of
visitors for the exhibition or to making meaning from an exhibition (Fadel 2011). In
formal education, the design and narration of stories that introduce elements of the
history of science is a common practice (Stinner et al. 2003). Unlike formal education,
during a guided tour in the museum the guide cannot expand the narration to explain a
topic in detail. In this context, guided museum tours using narratives from the history
of science are the weakest type of educational programme for presenting the history of
science.

Museum educational programmes/workshops. These activities are designed mostly for
students and teachers, not the general public. In many instances, these programmes are
developed and performed by specialized museum educators. The Deutsches Museum is
one example of a successful implementation of history of science elements in museum
educational programmes (Teichmann 1981). Educational programmes are structured
educational environments designed to acquaint students and teachers with scientific
and historical knowledge in a systematic way. For example, the context for knowledge
could be the experimental history of physical sciences (Sibum 2000), the construction
of concepts and methods via the reconstruction of artifacts or historical experiments
(Teichmann 1999; Heering and Muller 2002), or the historical development of our
understanding of the taxonomy of biological organisms (Faria et al. 2012).

The collaboration between museums and formal education. Many researchers have
argued that the collaboration between school and museum can promote achieving both
cognitive and emotional student outcomes. A number of studies suggest that the
museum visit and the children’s or students’ activities during the visit should be
accompanied by school before and after the visit (Griffin and Symington, 1997;
Anderson and Lucas 1997; Anderson et al. 2000; Guisasola et al. 2005, 2009; Paparou
2011; Anderson et al. 2011; Falomo-Bernarduzzi et al. 2012). Other researchers claim
that the involvement of teachers in non-formal educational settings such as science
museums should be part of teacher training in science and pedagogy (DeWitt and
Osborne 2007). All the educational attempts that were discussed in the previous
sections focus most of the times on the study of scientific instruments and experiments
as tools for educating students and teachers about history of science issues in the
context of collaboration between museums and formal education institutions. It is
apparent that such a collaboration can play a seminal role in evaluating and
transforming scientific collections (original/historical collections, digital collections,
or collections of reconstructed instruments) from tools of research to tools of education
(Heering 2011).

5 Conclusions

The variety of reviews that refer to the introduction of elements of history of science in
primary and secondary school (Matthews 1994; Duschl 1994; Seroglou and Koumaras
2001; Hottecke and Silva 2010) indicates the systematic and continuous involvement of
historians of science and science educators with the issue of introducing elements from the
history of science into formal science education. In contrast, as the present review has
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shown, the study of the role of the history of science in informal and non-formal science

education is heterogeneous and fragmentary. It is necessary to raise new research questions

and construct new lines of research to investigate the subject in a more systematic way.
We have suggested three lines of research strands below:

1. The epistemological research strand. This strand refers to those research questions
primarily of interest to science museum professionals related to the role that history of
science can play in the realization of the communication and education objectives of
museums. How and why can the history of science as presented through museum
collections contribute to the rescue, preservation and diffusion of scientific heritage
and culture at local, national and international levels? (Lourenco 2012). On the other
hand, a primary question that in our opinion should concern science centres that aim at
the diffusion and popularization of modern scientific knowledge is the following: Is it
possible and if so, how could the history of science contribute to reducing the ever-
growing gap between the production of scientific knowledge and its understanding by
lay people? How could the history of science contribute to restorating the relationship
between science and culture that has increasingly soured since the early twentieth
century? (Bensaude-Vincent 2001; Lévy-Leblond 2004). Is it possible to incorporate
the narrative of the history of scientific ideas into the narrative of the modern world
and its relationship to contemporary society, or should they be considered two
epistemologically incompatible narratives? These questions are also interrelated to the
following research strand.

2. The museological/museolographical research strand. This strand is mostly related to
the way in which science museums take into account the history of science and
translate it into a communication and educational tool to achieve their educational
mission. Historians of science, museologists and possibly science educators need to
collaborate towards that end. The concept of ‘mediating transposition’ used by
Guichard and Martinand (2000) and the ‘museographic transposition’ used by
Simonneaux and Jacobi (1997) constitute a proper context in which exhibitions that
introduce elements of history of science used in combination with contemporary
communication strategies and museographical techniques could be analyzed or
designed. In this context, further research questions could be posed in the following
broad areas: (a) in relation to the deconstruction and reconstruction of a historical
subject in science and the identification of possible related misconceptions often found
in exhibitions (i.e. epistemological analysis, see Foss Mortensen 2010) or/and (b) the
decoding and recoding of messages, if we regard exhibitions as pedagogical multi-
modal texts (i.e. semiotic analysis, see Anyfandi et al. 2010).

3. The learning/pedagogical research strand. In this noteworthy heterogeneous strand
the main issue is the investigation of learning in informal and non-formal settings and
more particularly if and how cognitive progress of visitors is achieved during a science
museum visit (e.g. Anderson et al. 2003; Martin 2004; Griffin 2004). Can history of
science maximize visitors’ learning best when designed as a communicational element
or as an educational tool? Is it better to use the history of science so that museum
visitors can construct understandings of the nature of science and of conceptual
elements of science? Studies addressing such questions can inform researchers in the
fields of psychology and science education as well as designers of science exhibitions
who seek to develop a museological/museographical approach that maximizes visitor
learning. A necessary precondition for the establishment of the above-mentioned
research strands is the acceptance of the strong transdisciplinary and interdisciplinary
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nature of this research and the creation of a collegial environment among the
researchers involved. In other words, we need to accept that the intersection of the
history of science, scientific museology and science education that represent a fruitful
set for the consideration of the theoretical background, the methodological approach
and the social practices of science learning.
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