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Informing the development of science exhibitions through educational research

Abstract: This paper calls for greater use of educational research in the development of
science exhibitions. During the past few decades, museums and science centres throughout
the world have placed increasing emphasis on their educational function. Although
exhibitions are the primary means of promoting visitors’ learning, educational research is not
often utilised when designing these learning environments. Rather, the development of
exhibitions in museums and science centres tends to rely on the know-how of the staff.
Reviewing and engaging in science education research would complement this expertise and
support the educational role of science exhibitions. This theoretical paper therefore suggests
such a research-based approach by adapting the Model of Educational Reconstruction for the
purpose of exhibition development following the idea of the Model for the Personal
Awareness of Science and Technology. The former model serves as a general framework to
involve analytical and empirical research in the development of learning environments, while
the latter model provides a specific view of visitors’ learning in interaction with exhibits. The
study shows how these constructivist models can be interconnected in order to apply
educational research in improving the long-term learning profit of exhibition visits. The idea
is illustrated with an example concerning the research-based development of a nanoscience
exhibition.
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Introduction
The problem

The educational value of informal learning environments has been increasingly recognized
during the past decades. As learning is regarded as a learner-led and lifelong process, settings
such as museums and science centres: play an important role in complementing formal
education and in contributing to scientific and technological literacy (Bybee, 2001; Falk,
Storksdieck, & Dierking, 2007; Mehta, 1997). Indeed, museums have undergone a major shift
in terms of their role and justification in society (for a closer examination of this development,
see Hooper-Greenhill, 1992, and B. Lord, 2001). They are now primarily considered as
educationalz institutions.

Exhibitions are the main mode of communication in museums and science centres, and
thereby also the main means for executing the educational function of these institutions
(Allen, 2004; Hooper-Greenhill, 1994; B. Lord, 2001). Thus, the process of developing
exhibitions should be thoroughly informed by educational knowledge, concerns and expertise.
This poses additional requirements for the museum staff and other designers, who must also
consider many other aspects and constraints, including practical factors associated with the
institution in which the exhibition will take place, sponsors’ interests, commercial
perspectives, the usability and durability of the exhibits, and the resources for the project (see
e.g. Davidsson & Sgrensen, 2010; G. Lord, 2001; Schauble & Bartlett, 1997). Given this
multitude of competing claims and interests, many museums and science centres also try to
ensure that educational viewpoints are considered by upholding educational departments and
including pedagogues or educators in exhibition development.

The educational potential of museums can be further improved by utilising research findings
during the process of exhibition development. Many scholars have argued for the importance
of making exhibition development more research-based (e.g. Allen, 2004; Falk & Dierking,
2000; Grewcock, 2001; G. Lord, 2001; Schauble & Bartlett, 1997). Such a need has
frequently been highlighted by museum professionals, for example in the context of the wide-
ranging project ‘In Principle, In Practice: A Learning Innovation Initiative on Museum
Learning’ (see Falk, Dierking, & Foutz, 2007). Most museums, indeed, take advantage of
research findings to some extent, for example by carrying out their own visitor studies in
order to lay some groundwork for future exhibitions. In making an exhibition, knowledge of
the audience is nowadays considered equally important to the knowledge of the objects to be
presented (Hooper-Greenhill, 1992, pp. 208-211). It is also understood that visitors want to
be actively involved — both physically and mentally — during their visit (e.g. Falk &
Storksdieck, 2010). Museums are therefore developing new practices for incorporating
visitors’ perspectives — such as their beliefs, attitudes, values and habits — into exhibition
development. However, Hooper-Greenhill (1994) has argued that despite the changes in
museum ideology and aims, and all the recommendations for in-depth front-end evaluation of

1 In this paper the term ‘museum’ mostly refers to science museums, and specifically to hands-on
science museums and science centres.

2 This educational function should not, however, be seen as similar to the role of formal education, nor
as a counterpoint to the museums’ aim of entertaining the visitors (See e.g. Hooper-Greenhill, 1994; B.
Lord, 2001). Further discussion on this will follow in the paper.
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visitors’ perspectives, very few museums in fact carry out efficient visitor needs assessments.
Even if they do, connecting these findings to practice remains problematic (see Falk,
Dierking, & Foutz, 2007).

Furthermore, reviewing studies that have been carried out outside the museum in guestion
would deepen the visitor-oriented approach and understanding of educational issues.
Potentially useful research domains for exhibition development not only include the fields of
informal learning and museum education. While these fields have been growing rapidly
during the past decades, the vast majority of educational research still focuses, quite naturally,
on learning and teaching within the formal educational system. By reviewing such literature
on empirical as well as analytical research, exhibition developers can gain valuable insights to
be utilized in the process while still keeping in mind the essential differences between formal
and informal educational settings, and the characteristics of an exhibition as a learning
environment. When developing science exhibitions, research on science education is naturally
the main field of educational research to draw on. Reinders Duit (2007) distinguishes the
domains of science education research as follows: (1) analysis of content structure; (2)
research on teaching and learningz; (3) development and evaluation of instruction /
instructional design; and (4) research on curricular issues and science education policies.
Given the educational role of museums, these domains can offer a wider scope of useful
findings for exhibition developers than the field of museum research alone.

This paper discusses how findings from all the domains of science education research (Duit,
2007), together with findings from museum research, can be used when laying the
groundwork for an exhibition. Here, it is proposed that utilizing such research supports the
educational function of these environments by providing at least some answers to the
questions that, according to Barry Lord (2001, p. 19), must be answered in the early phase of
exhibition development: ‘What meanings do we wish to communicate?’, ‘To whom do we
intend to communicate these meanings?’ and ‘What are the most appropriate means of
communicating these meanings?’

Formalizing the process of exhibition development

Even if the team developing an exhibition is aware of, and has access to the findings of
educational research (e.g. with the support of the museum’s educational department), it may
be difficult in practice to find the time and convenient means for the effective use of such
knowledge. In the complex and demanding process of exhibition development, such issues
easily give way to more practical and acute challenges the staff have to deal with. There are
usually no formal procedures or guidelines for exhibition development that would ensure that
all aspects are considered in a systematic and consistent way. Rather, the process mainly
relies on the practical and tacit professional knowledge and experience of museum staff and
other designers, as well as their ability to take the various aims and concerns into account
during the process and to make the ‘best fit> (Grewcock, 2001) out of them (cf. Mortensen,
2010Db; Schauble & Bartlett, 1997).

2 The second domain includes, very importantly, studies on learners’ interests, conceptions and
affective positions.
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In the literature, the need to complement the expertise of the staff and systematise the process
of exhibition development has been pointed out by many scholars (e.g. Allen, 2004; G. Lord,
2001; Schauble & Bartlett, 1997). Most museum research has only indirect implications for
exhibit design (cf. Mortensen, 2010b). Literature on museum learning includes a multitude of
studies that examine how the characteristics of an exhibit influence visitors’ interactions, but
does not, however, provide a prescriptive model for how to exactly use that knowledge in
exhibition development. Accordingly, some suggestions for formalising the process have been
presented (G. Lord, 2001; Mortensen, 2010b; Schauble & Bartlett, 1997). Recently,
exhibition development (including the sub-processes of epistemological and museum-
pedagogical development) has been discussed by using a model of Museographic
transposition (Gouvéa de Sousa et al., 2002; Mortensen, 2010b; Simonneaux & Jacobi, 1997).
The model describes how scientific knowledge is reduced and adapted, and then
supplemented and reconstructed when designing and implementing exhibits. However, the
model does not specify how all the above-mentioned domains of educational research could
be applied in the process of exhibition development. While the model recognises that the
museographic form essentially influences the outcome of the transposition, i.e. the exhibition
milieu (Mortensen, 2010b), it does not suggest how these exhibition characteristics should be
addressed in a research-based way.

The aim of this paper is to complement these formalisations by suggesting how the process of
exhibition development may be informed by educational research. In searching for a model
for this purpose, it is useful to turn to the literature on formal education in schoolss. There,
special attention has been paid to the seamless integration of educational research and
development of practical educational solutions (e.g. teaching-learning sequences, courses, and
instructional materials). This has been the main agenda of the design-oriented research
tradition that has been increasingly popular both in Europe and the USA (see e.g. Edelson,
2002). The models within this tradition — such as developmental research (Lijnse, 1995),
design experiments (Brown, 1992; Cobb, Confrey, diSessa, Lehrer, & Schauble, 2003) and
other variants of Design-Based Research (Tiberghien, Vince, & Gaidioz, 2009) — have a dual
nature: they seek to contribute to educational theory and simultaneously lead directly to useful
products or practices. This paper draws on one of these design-oriented research approaches,
the Model of Educational Reconstruction (Duit, Komorek, & Wilbers, 1997; Duit,
Gropengiesser, & Kattman, 2005; Duit, 2007). Although originally created for classroom
purposes, the model is very general and flexible, and can be adjusted to take into account the
characteristics of informal settings such as science centre exhibitions. These characteristics
are ‘inserted’ into the model by employing the Model for the Personal Awareness of Science
and Technology (Stocklmayer & Gilbert, 2002), involving a view of the nature of learning in
an exhibition that also has implications for exhibit design.

The suggestions in this paper mostly concern the first phase of the exhibition planning
process, i.e. the development phase (G. Lord, 2001, p. 4). The next steps of the exhibition
project, the phases of design and implementation, are chiefly beyond the scope of this paper.
This is why, for instance, the aspects of exhibit design and usability — which are crucial in
terms of a visitor’s experience during the visit — are not addressed in the following. The paper
focuses on how educational research may be applied when laying the groundwork for an

3 Similarly, the idea of museographic transposition also originates in French school didactics, namely
the concept of didactic transposition (see Mortensen, 2010b).
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exhibition. The paper does not suggest a complete model for exhibition engineering, which is
a far more complicated process including a variety of important considerations beyond the
educational research findings.

In fact, the use of educational research alone includes too many choices to be prescriptively
modelled in detail. The present paper cannot give a recipe. Instead, it attempts to catalyse
discussion on the potential of educational research in exhibition development, and to give an
overview of the resources available. Choices in using these resources necessarily remain at
the professional discretion of the museum personnel. Moreover, preferred parts of the
suggested model can be used separately, considering the characteristics of the actual
exhibition project.

The following section introduces the Model of Educational Reconstruction and adjusts it for
the purpose of exhibition development. After that, a generic procedure for using educational
research in exhibition development is suggested. The suggestion is illustrated by discussing
an example concerning the research-based development of an exhibition on nanoscience. The
paper concludes with discussion on the outlined approach.

The Model of Educational Reconstruction in exhibition development
The Model of Educational Reconstruction (MER)

The Model of Educational Reconstruction (Duit et al., 2005) is a methodological framework
that combines analytical and empirical educational research with the development of practical
educational solutions. The model was developed in the mid-1990s by Reinders Duit, Harald
Gropengiesser, Ulrich Kattman and Michael Komorek, and is based on a continental
European view of science education and the German educational tradition (Duit et al., 1997).
One of the fundamental ideas of the model is that the content structure for instruction cannot
be taken directly from the science content structure, but has to be specially (re)constructed by
paying attention to the educational goals as well as students’ cognitive and affective
perspectives (Duit et al., 1997; Duit, 2007; Komorek & Duit, 2004).

MER has a moderate constructivist orientation in two aspects. Firstly, learning is seen as an
active construction process based on an individual’s pre-existing knowledge. Therefore, the
development of learning environments requires an awareness of learners’ prior conceptions.
Secondly, scientific knowledge is considered as a human construction. According to this
epistemological position, a field of science does not have any ‘true’ content structure for
instruction; all the presentations of the content are subjective reconstructions based on certain
aims. Thus, the content structure for science education must also be reconstructed from
educational aims and concerns rather than derived solely from science issues (Duit et al.,
1997; Duit, 2007; Komorek & Duit, 2004; van Dijk & Kattmann, 2007).

According to the model, when developing educational solutions, the science content matter
and student’s conceptions must be equally taken into account and carefully linked together
(Duit, 2007; van Dijk & Kattmann, 2007). The model’s three components and their close
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interplay are depicted in Figure 1. It is essential in MER that knowledge gained in one of the
components influences the progress and conclusions in the two other components.

(1)
Analysis of content structure
+Subject matter clarification
+Analysis of educational significance+

Science content Content structure
structure for instruction

Elemen- Construction of
tarization content structure
for instruction

The elementary ideas
of the content under inspection

! 4

(2) (3)
Research on Development and
teaching & learning evaluation of (pilot)
instruction
¢ Perspectives of the >
learners (views and ¢ issues of real
conceptions & teaching and learning
affective variables) environments are
4 Teaching and learning taken into account
processes
¢ Teachers' views and
conceptions

Figure 1. The model of educational reconstruction (Duit, 2007, p. 6).

Previously, MER has been employed in developing teaching-learning sequences on several
physical topics, including chaos theory (Duit et al., 1997) and non-linear systems (Komorek
& Duit, 2004). The model has also been used in teaching at the university level, where
educational reconstructions have been carried out to create a physics laboratory course for
university students (Neumann, Schumacher, & Welzel, 2005) and to improve physics teacher



education (Aiello-Nicosia & Sperandeo-Mineo, 2000). More recently, MER has been applied
in developing a further model for science teacher education (van Dijk & Kattmann, 2007).

These previous applications of MER have dealt with formal educational settings. The present
paper explores the potential of the model in the development of informal learning
environments.

Applicability of MER for exhibition development

MER is a very general methodological framework, and thereby flexible enough to be applied
to the development of any learning environment — including informal settings. The basic
structure of the model (Fig. 1) appears to be well suited to research-based exhibition
engineering, because the close interplay of the three components serves the general purposes
of studying and developing settings such as exhibitions. However, an important emphasis
must be added to the model when applying it to informal environments. Namely, as Duit
(2007, p. 9) points out, MER does not explicitly take into account the broader context of the
learning environment under development. The general goals of science education are certainly
considered during the process, but since the model primarily deals with science instruction at
school, the construction and revision of these wider goals is not the focus. The model
considers the general goals of science education to be ‘given’ by the curriculum; they do not
have to be thoroughly analysed in the process. The model consequently lacks the fourth
domain of science education research as classified by Duit (2007), ‘Research on curricular
issues and science education policies’.

The situation is, however, somewhat different when developing an informal learning
environment with no constraints and goals imposed by the curriculum. Thus, in this paper the
model is enriched by adding specific emphasis on the formation of educational goals for an
exhibition. This aspect deals with the domain of science education that is missing from MER,
i.e. the one that ‘concerns features of the educational system in which science instruction is
embedded’ (Duit, 2007, p. 9). These features need thorough consideration, since the
educational aims and the nature of learning in museums differ greatly from those of schools
(further discussion on this follows). The aims must, above all, be broad enough to encompass
the personal interests and conceptions of the visitors.

MER must be specified with a view of learning in a science centre, i.e. an interpretation of
visitors’ interactions with the exhibits and the aims of the visit, in order to be used in
exhibition engineering. The approach suggested in this paper uses the model for the Personal
Awareness of Science and Technology (Stocklmayer & Gilbert, 2002) to deliver such a view
and to render the general framework of MER specific enough to be helpful in developing
exhibitions.

Representing the nature of learning in an exhibition: the Model for the Personal Awareness of
Science and Technology (PAST)
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Learning in informal contexts has been defined, for example, as ‘learning that is self-
motivated, voluntary, guided by learner’s needs and interests, learning that is engaged in
throughout his or her life’ (Dierking, Falk, Rennie, Anderson, & Ellenbogen, 2003). The
model for PAST, proposed by Susan Stocklmayer and John Gilbert (2002), addresses the
characteristics of exhibitions as learning environments, as well as modern learning theory,
better than the much-criticized idea of ‘public understanding of science’, which resembles the
idea of the ‘deficit model’ (Wynne, 1993). The model for PAST has a personal constructivist
perspective that is in line with the contemporary view of museum learning, in which the
audience is no longer seen as a passive and undifferentiated ‘general public’ (cf. Hooper-
Greenhill, 1992; Rennie & Johnston, 2004).

According to the model, each individual has his or her own personal awareness of science
and technology, i.e. ‘a set of attitudes, a predisposition towards science and technology, which
is based on beliefs and feelings and which is manifest in a series of skills and intentions’
(Gilbert & Stocklmayer, 2001, p. 43). A science centre visit can induce experiences that
interact with visitors’ PAST (see Fig. 2). These experiences are framed by any ideas, objects,
events or processes that are retrieved from visitor’s memory when (s)he uses an exhibit;
Stocklmayer and Gilbert (2002) emphasise that these remindings form the basis for
interpreting the exhibit. A fruitful experience triggers memories that are related to the
scientific and technological ideas presented in the exhibition, and/or creates new memories
that can later be used in understanding these ideas (Afonso & Gilbert, 2006). Through these
subsequent, related experiences, the visitors’ PAST evolves bit by bit, at some time leading to
an understanding of some scientific and technological ideas, products and their implications,
i.e. the target of the exhibits (Fig. 2).
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Figure 2. The model for the PAST (Stocklmayer & Gilbert, 2002, p. 854).

The model for PAST thereby emphasises that the educational significance of an exhibition
visit arises in the long term, and should not be considered in terms of immediate cognitive and
affective outcomes (Stocklmayer & Gilbert, 2002). The view is shared by many scholars in
the field of museum learning who have paid increasing attention to the long-term impacts of
visits (see e.g. Anderson, Storksdieck, & Spock, 2007; Rennie & Johnston, 2004). This is
connected to a wider change in how the impact of museums is seen. Miles and Tout (1991)
argued that the sense of disappointment when looking at the typically poor learning outcomes
during an exhibition visit stems from a misconception of what museums are. They are ‘places
people visit for a variety of social reasons, places which offer, amongst other things,
opportunities for learning if, and only if, visitors decide that this is what they want’ (Miles &
Tout, 1991, pp. 549). Each visitor’s learning experience is nowadays perceived as highly
complex and personal (see e.g. Falk & Storksdieck, 2010; Rennie & Johnston, 2004). The
model for PAST embodies the idea of totally unrestricted visitor choice in what to attend and
what to learn — a feature that differs greatly from formal education and which Allen (2004)
proposes as ‘the single greatest constraint underlying exhibit design’.

Through this view of learning, the model for PAST also combines the dual role of museums
and science centres in entertaining and in educating the audience (Gilbert & Stocklmayer,
2001). These aims are sometimes seen as competing (cf. Allen, 2004), but most scholars
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argue that this conception is mainly due to the school-based interpretation of ‘education’
instead of seeing museum learning as personal, participative, exploratory, activity-based and
informal (Hooper-Greenhill, 1994; B. Lord, 2001).

As the model for PAST is employed in exhibition development, the challenge of exhibit
design becomes a challenge of creating appropriate experiences, related to some aspect of the
target, that are likely to arouse remindings in visitors and interact fruitfully with their PAST.
When carrying out research-based exhibition development, each of these elements of the
model should be considered in the light of research findings. In the following, it is suggested
how the development process can be informed by the content-centred and the visitor-centred
studies carried out, or reviewed, within the Model of Educational Reconstruction.

The use of educational research during the process of science exhibition development

While the three components of MER are closely intertwined (see Fig. 1), applying the model
in practice requires that the process is divided into a sequence of steps, i.e. certain concrete
activities of research and development. The procedure for employing educational research in
the different phases of exhibition development is outlined in Figure 3 and discussed in the
following. The procedure is developed on the foundation of the basic Model of Educational
Reconstruction (Fig. 1) and to some extent resembles the practical applications of it reported
by Duit, Komorek and Wilbers (1997) and Komorek and Duit (2004).

S S N NS S S S S S S S S N S S S S S S - -

:’ Analysis of content structure 3

I
: Analysis of the content structure, the nature, Expert surveys on the educational :
: and the social implications of the target domain significance of the target domain :
! I
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e B e e e N

: Development of learning environment X
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I A

\ /
______________________ Laad?
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/ x
: Front-end evaluation: research on learning || research on || formative :
: Visitors’ perspectives & interests; || in the context of the museum evaluation 1
I | PAST & remindings target domain learning : :
I summative i
'\\ Research on teaching & learning evaluation |

Figure 3. The suggested procedure for informing exhibition development with
educational research.
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The process of exhibition development

The development phase of the exhibition planning process (G. Lord, 2001) can be divided
very roughly into four steps: museum aims, exhibition aims, the exhibition brief and the
actual exhibition (cf. Grewcock, 2001). This sequence is presented in the middle of Figure 3,
corresponding to the component ‘Development of learning environment’ of MER.

Exhibition development starts by considering the educational aims of the institution in which
the exhibition will take place. Besides the general, official goals and the educational role of
the science centre or museum (Hooper-Greenhill, 1994; B. Lord, 2001), a number of other
aims and practical constraints, e.g. due to sponsors’ interests and the resources for the project,
must already be taken into account in the first phase of goal setting. After this, the specific
educational goals for the exhibition are set (the second step of exhibition development in Fig.
3). In terms of the model for PAST, this means the definition of the target, consisting of a set
of scientific, technological and/or socio-scientific ideas that are to be represented in the
exhibition. On the basis of the target, the third step of the development results in the
exhibition brief, i.e. the ‘manuscript’ for the exhibition (cf. Grewcock, 2001; G. Lord, 2001).
Since the exhibition brief contains not only the ideas to be presented but also the means for
communicating them, it essentially deals with experiences (again in the terminology of
PAST) that the exhibits are aiming to induce in visitors. After the exhibition brief, the
planning process continues to the design and implementation phases (G. Lord, 2001), during
which the actual exhibition is created.

In these latter phases, some empirical educational research is also of use, namely formative
and summative evaluations. These steps are included in Figure 3, even though they are mostly
outside the scope of this paper, which focuses on the development phase. This demarcation is
justifiable, since by far the greatest potential of educational research is in the initial phase of
exhibition planning. As the process continues to design and implementation, its focus
typically shifts towards issues that only indirectly concern learning, such as the accessibility,
usability, durability, visual attractiveness and mechanical construction of exhibits. The
practitioners working on design and implementation focus on the creation of the exhibition
according to the brief, and no longer on laying the educational foundations for the exhibition.
Apart from the evaluations, the input of educational research should thus already take place in
the development phase — in manners outlined in the following.

Content-centred studies in research-based exhibition development

Analysing the subject matter and the related educational concerns is an important, yet usually
neglected part of the exhibition development process. Namely, most museum research aims at
understanding the general characteristics of museum learning by directly focusing on the
visitors and their interactions in exhibitions, while there has been a lack of research focused
on the content of exhibitions (cf. Gilbert & Stocklmayer, 2001; Mortensen, 2010b). However,
in order to improve any kind of science learning through research, not only instructional
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methods but also science content should be considered as problematic (Fensham, 2001). In
the approach suggested here, research carried out within the first component of MER,
analysis of content structure (the uppermost box in Fig. 3), is used in setting the target of the
exhibits — that is, the scientific and socio-scientific content of the exhibition. This is an
important and challenging phase in exhibition planning, especially since many science centres
want to exhibit emerging fields of science and technology. Such fields are not yet included in
school curricula, and there is typically no consensus on the most important ideas and concepts
and their relations to each other, let alone their educational aspects. In conventional museum
practice, the selection of the exhibition content is guided by the development team’s
conception of the importance of different issues in the field in question, and professional
opinions on the feasibility of these issues for exhibition, considering factors such as the social
and psychological characteristics of the resulting exhibits (Gilbert & Stocklmayer, 2001).
Here, it is argued that a research-based approach in choosing the content would complement
these ideas in a fruitful waya.

Typically, the general aims and orientation of a museum provide only rough guideliness for
choosing the content and defining the educational aims of an exhibition. The development
project needs further defined educational goals that are specific to the field to be presented in
the exhibition. While contentual, curriculum-like learning goals do not fit an exhibition, the
planning team still has to ponder what kind of knowledge of the field in question may, for
instance, be relevant in the everyday lives of visitors, and contribute to their ability to make
informed decisions on related socio-scientific issues. Such questions are constantly asked in
science education research, and reviewing this literature can also aid in selecting the content
for informal settings.

Analysis of content structure in MER includes clarification of the subject matter and analysis
of its educational significance. Duit (2007) points out that ‘content structure’ is here
understood in a broader sense than usual: educational reconstruction must encompass not only
the science concepts and principles, but also the methodological issues as well as the
relevance of science in everyday life and society. In a similar way, according to the model for
PAST, the target not only consists of the scientific consensus knowledge (cf. Stocklmayer &
Gilbert, 2002), but may also involve knowledge of controversial issues, the nature of science
and technology, and their relationships with society and the environment. Indeed, including
such aspects in the content structure analysis is crucially important when developing a public
exhibition, since an informal learning environment has to relate to the everyday lives of the
visitors (see e.g. Falk & Dierking, 2000). In MER, the research methods of content structure
analysis are mostly hermeneutic-analytical: qualitative content and text analyses of leading
textbooks on the topic and key publications that characterize the field in question, its
historical development and social and philosophical aspects (Duit, 2007; van Dijk &
Kattmann, 2007). Furthermore, Duit (2007, p. 8) points out the possibility to use empirical
methods to clarify the educational significance of a large domain — e.g. expert questionnaires
or Delphi studies (cf. Komorek & Duit, 2004).

4 The same need has been pointed out by Schauble and Bartlett (1997).

5 In most cases the official museum goals are expressed in terms of enhancing scientific literacy —
science museums worldwide have, as pointed out by Henriksen and Frgyland (2000), increasingly
commited themselves to this broad and ambiguous task since the beginning of the 1990s.
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Accordingly, defining the target of an exhibition may either draw on analytical literature on
the structure, nature and societal aspects of the content, or analyse the content structure and its
educational significance by experts surveys, or use both approaches (Fig. 3). In practice,
however, it may be impossible to find time to carry out comprehensive literature reviews —
not to speak of engaging in empirical research — when choosing the exhibition content.
Consequently, Science, Technology and Society (STS) studiess and other analytical reviews
that scrutinize the field in question as a whole may be feasible sources. Furthermore, science
education research literature includes studies in which a group of scientists and related experts
have assembled and systematically compiled a list of central concepts of a field not yet found
in textbooks in order to lay the groundwork for education in that field.

The use of all these types of educational literature in content structure analysis is illustrated in
the following by discussing the development of an exhibition on nanoscience. In the
predominant museum practice, both of the main approaches outlined here are used, but
usually in a non-systematic manner. Developers commonly acquaint themselves with some
literature on the field in question, and invite some experts on that field to consult in the
project. However, educational research is not usually carried out or reviewed at this stage of
exhibition development, although it might provide a solid basis for the process. When using
science education literature, it must be acknowledged that the analysis of content structure
and analysis of educational significance are far more complex processes in informal settings
than in formal contexts due to the absence of a curriculum. Therefore, the aims and
characteristics of the museum context have to be carefully considered when defining the
target (see Fig. 3).

Visitor-centred studies in research-based exhibition development

The second component of MER, research on teaching and learning (Fig. 1), involves
empirical studies on the features of the learning situation in question. According to Duit
(2007), these empirical studies include not only research on learners’ pre-existing conceptions
and affective variables, but also empirical knowledge of teaching and learning processes,
instructional methods, learning environments and teachers’ perspectives.

In the approach suggested in this paper, empirical educational studies (the lowermost box in
Fig. 3) are used to inform many choices in exhibition development. First and foremost,
empirical studies should enquire into visitors’ typical awareness, interests and associations
concerning the topic of the exhibition. While the visitors are not considered as a ‘homogenous
whole” — each visitor has an individual PAST and remindings — there are usually some
patterns in ways of thinking and domains of interest that are worth surveying. Front-end
evaluation (or front-end analysis) aims to determine how much the potential visitors already
know about the topic of the exhibition, how their prior knowledge can be accommodated
within the exhibition, and the level of public enthusiasm for the subject (cf. Grewcock, 2001;
Hooper-Greenhill, 1994). It is arguably the most important stage of evaluation in terms of the

6 STS studies usually focus on contemporary fields that are attracting general attention and which
therefore also constitute typical topics for science exhibitions.

13



success of the exhibition: since it is carried out in the development phase it can — and should —
have a major influence on the various choices in the exhibition planning process (Grewcock,
2001). Hooper-Greenhill (1994) has argued that in the practice of exhibition development, in-
depth and efficient assessments of visitors’ needs are not common, even though they are
highly recommended by scholars of the museum field.

Visitors’ perspectives can be studied by reviewing pre-existing survey results or by
conducting a survey of one’s own — preferably, both approaches should be used. Science
education and science communication journals constantly publish survey findings on people’s
perspectives on emerging fields of science and technology. Although such findings can
provide a useful starting point for exhibition development, close attention must be paid to the
difference between the sample of the reviewed study and the intended target audience of the
museum.

Due to the local and cultural nature of public’s perspectives, and the fact that pre-existing
surveys seldom provide information that is sufficiently elaborate for exhibition development,
it is usually necessary to carry out a specific survey on the potential visitors of the museum in
question, investigating their perspectives on the prospective topic of the exhibition. For this
there are at least two alternative approaches. One of them is to survey a statistically
meaningful sample of the whole target population. Such a study can provide a reliable
overview of the potential visitors’ interests in, and level of awareness of, the field in question.
However, since the sample must be relatively large, the survey typically has to employ a
written questionnaire with closed, multiple-choice questions, and some unforeseeable aspects
may consequently be missed. Another approach is to conduct a small-sample interview or a
focus group study in order to gain a deeper insight into the potential visitors’ perspectives.
Although statistical significance might be lost, the results may be used together with the
findings from earlier surveys and other educational research in order to understand learning
difficulties and thinking patterns.

Survey results on the perspectives of the potential visitors should be already available when
setting the tentative target of the exhibition (Fig. 3). According to May (2001), a successful
audience-responsive approach in museum practice requires that the staff not only rely on their
own view when choosing a subject for an exhibition, but carefully study the audience’s
perspectives and interests. The findings of such ‘market analysis’ are used together with an
understanding of the discipline itself, its current state and problems, when choosing the topic
for the exhibition. This phase should also include the identification of the target audience for
the exhibition — the definition should, however, be broad enough to accommodate the diverse
audience that museums usually have (Allen, 2004). On the basis of further and more content-
specific visitor surveys, the exhibition objectives (the tentative target) should be reconsidered
(cf. Grewcock, 2001).

In the further construction of the target (Fig. 3), learners’ perspectives are again taken into
account, in addition to the content structure analysis. This interplay between analytical and
empirical studies is always present in MER, but when developing informal learning
environments it is particularly essential. As discussed earlier, the main difference between
formal and informal educational contexts is that in the latter the aims and reasons for learning
must arise from the learner. Thereby, analysis of content structure for the purpose of
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exhibition development has to take the perspective of the visitors to accommodate the idea of
PAST.

The third step in the development of an exhibition, the exhibition brief (i.e. the definition of
the intended experiences), can utilise several types of empirical educational research (see Fig.
3). The results of the front-end analysis should continue to guide the process by informing the
development team of typical PASTs and remindings of the visitors which, in turn, helps in
choosing the most effective contexts and means of communication for the exhibits. An
exhibition should be designed in a way that it on one hand addresses the most typical interests
and ideas of the visitors, and on the other hand uses a variety of approaches and contexts in
order to offer something for everybody (cf. Falk & Storksdieck, 2010; Gilbert & Stocklmayer,
2001).

Typical learning difficulties and conceptual challenges related to the target should be
carefully investigated by reviewing empirical studies on the learning of these concepts and
ideas (Fig. 3). Such studies form the vast majority of science education research (Duit, 2007),
and review articles related to the specific topic of the exhibition may also be found. Another
domain of literature that is helpful when planning experiences consists of research on the
general features of exhibitions as learning environments (Fig. 3). The field of research on
museum learning is growing rapidly. Again, since comprehensive literature reviews are
usually out of the question during exhibition project, it is well advised to focus on
publications that discuss exhibitions on topics similar to the one at hand.

Although the exhibition development team may not review museum research other than such
content-specific studies, it is certainly important to be aware of the breadth of the literature on
general means of communication in museums. Empirical research findings on the general
characteristics and typologies of exhibits and their influence on visitors’ interaction and
learning are of particular use when planning the experiences. Several classification schemes
have been suggested in the literature, together with findings on the effectiveness of different
exhibit types, e.g. physically interactive exhibits (Boisvert & Slez, 1995; Tulley & Lucas,
1991), computer-based exhibits (Heath, vom Lehn, & Osborne, 2005), open-ended exhibits
(Sandifer, 2003), exemplary and analogy-based exhibits (Afonso & Gilbert, 2007), and
immersion exhibits (Mortensen, 2010a; Mortensen, 2010b). Exhibition designers need a
comprehensive understanding of the variety of manners of representation and communication,
and the ability to search for research articles on some specific exhibit types when needed.

Formative evaluation, carried out in the design phase of the exhibition planning process (G.
Lord, 2001), tests the detailed content and the exhibit prototypes with some representatives of
the intended audience (cf. Grewcock, 2001). The exhibition brief can be revised on the basis
of this pre-testing. The summative evaluation takes place at the end of the implementation
phase and addresses the actual exhibition and its visitors. Interviews and questionnaires are
chiefly used in the evaluations, but other empirical methods are also possible. Since these
evaluations are not carried out in the development phase of the exhibition planning process
that this paper focuses on, but in the latter phases, they are not discussed here in detail.
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Research-based development generates new knowledge

While informing the planning of the exhibition in question, the studies carried out in
connection with exhibition development also contribute to the educational research literature.
They can be utilised in forthcoming research and development projects. Such a dual nature,
generating new knowledge as well as new practices, is typical for MER and the other variants
of design-oriented research (Brown, 1992; Cobb et al., 2003; Duit et al., 1997; Lijnse, 1995;
Tiberghien, Vince, & Gaidioz, 2009). The procedure outlined in this paper may lead not only
to the exhibition itself but also to a design frameworkz (Edelson, 2002) for the development of
such learning environments.

In addition to contributing to the growing body of museum research, properly reported
research findings acquired in the process are also relevant in other fields. The results of the
front-end analysis can provide valuable information on the public’s perspectives on
contemporary socio-scientific issues to be used in the fields of science education, science
communication, and science and technology studies (STS). The results of formative and
summative evaluations, especially if thoroughly discussed in the context of related research,
contribute to the general educational literature on fields that form the target of the exhibition.
Such outputs may be used to construct content-oriented theories that state the conditions
promoting the long-term learning of given topics (Andersson & Wallin, 2006). Thereby, the
approach suggested here interconnects exhibition development with science education
research in general, and its design-based research tradition (Tiberghien, Vince, & Gaidioz,
2009) in particular.

An example: utilising research findings in the development of a nanoscience exhibition

In order to illustrate the suggested approach, an example is provided here on the use of
educational research in the development of a prospective exhibition on nanoscience. The
example stems from a research project that aims to map the general challenges and
possibilities of nanoscience education, both in formal and informal learning environments. In
the course of this research project an exhibition brief is being developed, hopefully to be later
implemented in a museum. As part of a research project not primarily leading to an
implemented exhibition, the example differs from actual exhibition projects in museums.
Although museums cannot typically engage in research activities quite this much, their
resources may permit at least some of the research-based approaches presented here.

The process began by considering the general aims of the museum in question (see Fig. 3). On
this basis, a few tentative aims of the ‘education for citizenship’ type were set for the
prospective exhibition. They consisted of helping the visitors to (1) feel comfortable and
competent with nanoscientific and nanotechnological matters and artefacts; (2) follow media

7 Design frameworks are a type of theory that design research can develop. They ‘describe the
characteristics that a designed artifact must have to achieve a particular set of goals in a particular
context. A design framework is a collection of coherent design guidelines for a particular class of
design challenge’ (Edelson, 2002).
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discussion on the topics; and (3) form informed opinions on social and ethical issues related
to the fields. Such goals are broad enough to accommodate the visitors’ personal needs,
interests and viewpoints, in line with the idea of the model for PAST. The main purpose of
the prospective exhibition is not to prepare visitors for further studies or to educate future
nanoscientists and nanoengineers, but to help them to deal with the personal and societal
issues concerning nanoscale science and technology.

In order to further define the aims and the target of the exhibition, several types of content-
centred studies have been reviewed, as suggested in Figure 3. Content structure analysis
began by reviewing the few hitherto published academic textbooks that aim to cover the
whole field of nanoscience. On this basis, a tentative list of scientific key concepts and ideas
was formed. The educationally significant issues related to the nature and the societal and
ethical aspects of nanoscience were then examined by reviewing the STS studies that
scrutinise the field from historical, philosophical and sociological viewpoints. Despite the
novelty of the field of nanoscience, a number of STS studies have already been published
(e.g. Brune et al., 2006; Baird et al., 2004). These publications have pointed out several issues
that render the field educationally significant in terms of scientific literacy (see Laherto,
2010).

In addition to analytical literature, empirical content-centred studies — expert surveys — were
also reviewed in order to set the target for the nanoscience exhibition. By far the most
influential Delphi study has been carried out in the USA, where a large group of experts
compiled a list of “Big Ideas” of nanoscale science and technology that should be
incorporated in school curricula (Stevens, Sutherland, & Krajcik, 2009). The results of a
survey on nanoscience-trained science teachers’ views of the educational significance of the
fields (Laherto, 2011) were additionally taken into account, since educators can be considered
as experts in choosing the content for science education — not only in formal but also in
informal settings. Put together, the analysis of content structure in defining the target of the
exhibition (Fig. 3) revealed not only the central scientific and technological ideas and
concepts of nanoscience and nanotechnology (e.g. structure of matter, size-dependent
properties, self-assembly and quantum effects), but also a number of educationally interesting
features in the nature of these fields (e.g. interdisciplinarity, the ‘technoscientific’ character,
the distinctive roles of modeling, simulations and imaging) and in their interrelationships with
society (potential benefits and risks regarding society, the environment and health) that are
worth addressing in the exhibition (for a closer look at the results of the content structure
analysis, see Laherto, 2010; 2011).

However, as argued in the previous section, an at least equally important approach in defining
the target is front-end evaluation (Fig. 3). The example project involved a review of a variety
of polls and surveys on public perceptions of nanoscience (for a compilation of the surveys,
mostly from North America, see Crone, 2010). These results were complemented by
conducting a survey of potential visitors (Laherto, 2008) using the small-sample approach
(see the approaches discussed earlier). The results highlighted some fields of nanoscience and
nanotechnology that the potential visitors might find especially interesting and relevant to
them.

In the third phase of exhibition planning (the exhibition brief, see Fig. 3), the findings of the
same visitor survey were utilized in order to identify the typical learning challenges that must
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be taken into account when designing the actual exhibits. The outcomes of the survey pointed
out, for instance, that it is difficult to convey the right epistemological ideas with the electron
(or atomic force) microscope images widely used in nanoscience communication (Laherto,
2008). The phase of setting the exhibition brief was also informed with a review of the
educational research literature on the teaching and learning of nanoscience. As only a quite
limited (although rapidly growing) amount of such research has been published, it was not
very problematic to demarcate the literature to be analysed — and a comprehensive and recent
review article was also available (Hingant & Albe, 2010). A few common themes clearly
emerged from the literature, and the analysis focused on these. Several studies have, for
example, shown that people of all ages have major problems in understanding the nanoscale
(e.g. Castellini et al., 2007; Tretter, Jones, Andre, Negishi, & Minogue, 2006), but scale
conception can be supported by teaching the continuum of scales, using relative comparisons
instead of absolute sizes, providing size landmarks and promoting proportional reasoning
(Tretter, 2008). Such educational strategies were also found to be appropriate for exhibitions,
and such exhibits were consequently included in the exhibition brief. The review additionally
supported the findings of the visitor survey, implying that special attention has to be paid
when communicating the nanoscale using electron microscope images in order to avoid
epistemological misconceptions. Furthermore, literature on the learning of nanoscale science
highlighted the educational potential of real research instruments such as atomic force
microscopes (Hingant & Albe, 2010) — which are usually unobtainable for schools but
perhaps not for museums.

Lastly, the research-based groundwork for the exhibition involved a review of research
findings on museum learning (Fig. 3), but focusing on reports on previous nanoscience
exhibitions. While several exhibitions on this topics have been launched in recent years in
museums and science centres all over the world, only a few publications have reported the
experiences of these projects from an educational viewpoint. When discussing the Brazilian
NanoAventura exhibition, Murriello, Contier and Knobel (2006) stress that the most
important museographic and communicational challenge in designing exhibits on NST relates
to the fact that the fields are based on objects that are invisible to the naked eye. Exactly the
same notion is also stated in an evaluation of /t’s a Nano World, a travelling exhibition
funded by the National Science Foundation in the USA (Batt, Waldron, & Trautmann, 2004).
While NanoAventura solved the dilemma of displaying nano-objects in an exhibition by using
computer games and virtual representations, It’s a Nanoworld employed concrete
macroscopic models and analogies. For the exhibition brief, both types of exhibits were
chosen. The literature review increased understanding of the advantages and disadvantages of
different museographic approaches, thereby making it possible to use the approaches
deliberately.

Conclusions

While museum learning is commonly seen as ‘a vital component of the lifelong learning that
we now perceive as essential to the development of both the individual and his or her society’
(B. Lord, 2007), Hooper-Greenhill (1994) has argued that museums and science centres have
failed in implementing this educational function. While this paper does not claim to provide a
solution to this alleged problem, it does suggest how utilising the findings of educational
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research in the development of science exhibitions might improve the educational potential of
these learning environments. The suggested approach integrates two models that have both
been widely used in educational research but for very different purposes: the Model of
Educational Reconstruction (MER) for the development of teaching-learning sequences and
science courses, and the Model for the Personal Awareness of Science and Technology
(PAST) for describing visitors’ interactions with interactive science centre exhibits. Here, it is
argued that a combination of these models may be employed in exhibition development. MER
provides a specification of the different domains of literature and the types of research that
can be utilised in the process, whereas PAST specifies the purposes of these studies in terms
of supporting visitors’ experiences with the exhibits.

As a personal constructivist model, PAST coheres with the epistemological and learning-
theoretical position of MER. There is a difference, however, in the orientation of the models
regarding educational objectives. In MER, the learning goals are primarily defined by the
curriculum and analysis of the content structure. This is, of course, natural for a model that
was originally intended for the development of formal education. However, if this orientation
was transferred to informal settings as such, it would contradict the fundamental nature of the
concept of personal awareness of science technology. Indeed, the model for PAST
specifically opposes any pre-defined learning objectives or other manifestations of the ‘deficit
model’ idea (see Wynne, 1993), or the traditional interpretation of ‘public understanding of
science’. Fortunately, MER is sufficiently flexible — and constructivist — to allow an
orientation that suits the free-choice nature of learning in science centre exhibitions.

The suggestions put forth here might be helpful in developing educationally sound
exhibitions, and in bringing museum practice and educational research closer together.
However, the actual way in which these suggestions are used in relation to all the other
aspects of exhibition development fully relies on museum professionals. Their expertise and
intuition is indispensable when selecting which pieces of research to draw on, balancing
different concerns, contents and methods, and making the ‘best fit” (Grewcock, 2001) in the
varying situations of exhibition development. The process has far too many factors to be
inclusively modelled. The purpose of this paper is certainly not to downplay or override the
expertise of exhibition developers, but to suggest resources for their use. In a typical
exhibition development project the museum practitioners cannot, due to the limited time and
resources, engage in research to the same extent as in the somewhat idealistic case presented
in this paper. It is left up to the professionals to proportion the educational research findings
to the other important considerations.

It is impossible to empirically test a model like MER in a strong sense (Duit, Gropengiesser,
Kattman, Komorek, & Parchmann, forthcoming), and the same holds for the adaptation of
MER suggested here. Such a model needs a solid theoretical justification (as aspired in this
paper), and its usability will be assessed when applied to exhibition projects in museums and
science centres. The example presented here of the development of a nanoscience exhibition
provides a starting point for the evaluation of the proposal’s practical value.

Returning to Barry Lord’s (2001, p. 19) three questions with which the process of exhibition
development should start, the approach outlined here offers some research-based means to
address each of them. In accordance with the idea of PAST, the first question, ‘What
meanings do we wish to communicate?’, calls for the above-discussed empirical studies in
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order to identify the interests and other perspectives of visitors. While analysis of content
structure, including literature analyses and expert surveys, should also be used in defining the
target, the personal awareness and interest of potential visitors must still be the key here. For
the same reason, the second question, ‘To whom do we intend to communicate these
meanings?’, must be resolved in the first place. Visitor studies can also inform the selection of
the target audience. The last question, ‘What are the most appropriate means of
communicating these meanings?’, deals with the planning of exhibits that are likely to induce
experiences fruitful for enhancing visitors” PAST. As argued in this paper, this phase of
exhibition development can be informed with literature on learning within the target domain,
in addition to the visitor studies and the general literature on museum learning (see Fig. 3).

Both models, MER and PAST, comprise elements from several educational theories
employed in museums (Hein, 1998). Together, they provide an approach for developing an
exhibition with an epistemological and learning-theoretical orientation that follows the lines
of the ‘constructivist museum’ suggested by Hein (1998, p. 155-179): the scientific content of
an exhibition is considered as a human construction, and visitors’ perspectives are taken into
account and their individual interpretations are supported.
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