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Preface

The present dissertation project was embedded in the context of a larger research project
(Knowledge Media Research Center, Tuebingen; Deutsches Museum, Munich; Institute for
Science Education, Kiel) on learning in the museum by means of new media, which is funded
by the "Pact for research and innovation" of the German Federal Ministry of Education and
Research (http://www.iwm-kmrc.de/museum). In this three-year interdisciplinary research
project, the educational potential of advanced media applications within the context of science
exhibitions was explored with regard to knowledge acquisition, the development of interests and
the formation of opinions. The following dissertation project is only one of about 12 research
projects that will further contribute to our understanding of informal learning from science
exhibitions and the role advanced media applications can play in this context. | tremendously
profited by the input of my research colleagues who contributed a lot to the development of my
ideas. So have considerations presented in Part | of this dissertation been arisen from intense

collaboration with Dr. Carmen Zahn and Mag. Eva Mayr.

During 2005 to 2008, | have been participating in the Virtual PhD-Program "Knowledge
Acquisition and Knowledge Exchange with New Media" (VGK; http://www.vgk.de) sponsored by
the German Research Association (DFG). The VGK enabled me to collaborate with researchers
from three German universities (Tuebingen, Muenster, Freiburg) in order to share ideas and
knowledge, and to gain insight into other research projects. This dissertation benefited hugely
from discussions with my VGK-fellows and the involved faculty members (Prof. Hesse, Prof.
Bromme, Prof. Spada, Prof. Diehl, Prof. Gerjets, Prof. Fischer, Prof. Renkl, Prof. Pl6tzner, Prof.

Strube).
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Introduction and Overview

Near-infrared nanoparticles shine a bright light on cancer

Sunburn increases risk of nanoparticle skin penetration

World®s First Thin-Film Battery with Integrated Battery Management

Majority of nanotechnology companies using engineered nanoparticles do

not perform any form of risk assessment!

Crossing the blood-brain barrier with nanotechnology

Nanomaterials — an environmental Pandora®s box?

Due to the rapid growth of new technologies, the lay public today is faced with very
complex science topics like climate change, gene technology and cloning, nuclear
power, and nanotechnology. These topics share the characteristic of being highly
ambivalent, and they all have profound social, political, and economic implications.
These topics are referred to as socio-scientific issues because of their social and
scientific relevance (e.g., Kolstg, 2001; Sadler, 2004a). Socio-scientific issues often are
a matter of intense discussion among various actors with competing perspectives and
arguments (Oulton, Dillon, & Grace, 2004). The above cited news headlines about
nanotechnological innovations are only a few examples of the ones released recently?,
but they depict the ambivalent information, the lay public today is confronted with. To
be able to participate in the public debate about nanotechnology (or another ‘hot’
science issue), the lay public must have abilities to form their personal opinions. To
reach a well-founded reflective judgement, it must be able to analyze and evaluate
information, to deal sensibly with moral and ethical implications of current scientific
topics, and to understand connections inherent among these issues (Oulton et al.,

2004; Zeidler, 1984). Thus, making, defending and evaluating personal judgements

L All news headlines received October 27, 2008, from http://www.nanowerk.com/, a website
which collocates nanotechnology research and general news from various resources
(newspaper, research journals and press releases).
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has become a central aim of (science) education today (King & Kitchener, 1994;

Sadler, 2004b).

A major contributor for communicating contemporary science and thereby one of the
places where public opinion is formed are science museums (cf. Institute for Learning
Innovation, 2007; Rodari & Merzagora, 2007). Bradburne (1991, revised 2001) states
that museums can be an ideal place for presenting and continuing contemporary
debates, as they are experienced as a neutral place for discussion without political
bias. Moreover, presentation of facts and figures within the context of science
exhibitions can provide an excellent ground for public debates (Calcagnini, 2007). The
understanding of a good museum thus has shifted from collecting and presenting loose
objects to promoting public understanding of science and opinion formation (Durant,
1992). This manifests in a movement towards an emphasis of critical thinking skills at
museums (e.g., special issue on critical thinking skills in the museum of the Journal of
Museum Education edited by Shulman Herz, 2007). Science exhibitions today not only
communicate scientific knowledge and uncover scientific discourses in our “knowledge-
creating civilization” (Scardamalia & Bereiter, 2006, p. 97) but promote the acquisition
of advanced expertise, such as scientific literacy, in visitors (e.g., Miles & Tout, 1992;
Miller, 2001; Schauble et al., 2002; Thomas & Durant, 1987). And a very central part of
scientific literacy includes the ability to make informed decisions and reflective
judgements about contemporary science issues (cf. Zeidler, Sadler, Simmons, &

Howes, 2005).

The present dissertation centres on the communication of contemporary science topics
by means of science exhibitions, the need for critical thinking and reflective judgement,
and the need for support of museum visitors in forming their personal opinions about
these complex issues. This was motivated by the present lack of a clear

conceptualization of scientific literacy, which includes deliberate opinion formation and
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informed decision making about current socio-scientific issues. The present
dissertation addresses this gap of research by analysing how people form their
opinions about a contemporary science topic like nanotechnology within the context of
a science exhibition and which preconditions are essential to stimulate critical thinking
in museum visitors. The notion of needs for scaffolding critical thinking and reflective

judgement at science museums is a further central aspect to the present dissertation.

The two major conceptual research questions of this dissertation are therefore:

I. What constitutes critical thinking and reflective judgement about contemporary,
controversial science issues within the context of science exhibitions?

II. How can museum visitors be supported in critical thinking and reflective judgement

about contemporary, controversial science issues?

To answer these research questions, | will refer to several lines of research that have
been concerned with reasoning and decision making, opinion formation, and critical
thinking for the purpose of reflective judgement: Cognitive psychology, for example,
provides us with valuable knowledge on individual reasoning and decision making.
Research shows that heuristics and biases operate when people are confronted with
controversial and ambivalent information, which then leads to suboptimal opinions and
attitudes (e.g., Stanovich & West, 1997, Toplak & Stanovich, 2003). For example,
people usually rely on prior attitudes or general attitudes when asked to evaluate a new
concept (Nickerson, 1998). Felton and Kuhn (2007, p. 103) state in their contribution
for the special issue on critical thinking in museums that “critical thinking requires
considerable effort, and visitors will only engage in the cognitively complex work of
critically evaluating their knowledge if they believe that it is worth the effort.” They
argue that museum visitors will not show critical thinking automatically and that for this
reason, scaffolds for deliberate opinion formation are needed to overcome these biases

and to facilitate formation of well-founded opinions.
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To enhance critical thinking, conversation is a powerful tool (Felton & Kuhn, 2007;
Halpern & Nummedal, 1995; Knipfer, Zahn, & Hesse, 2007, Zohar & Nemet, 2002). It
has several potential cognitive benefits as collaborative learning theories assume:
Collaborative learning theories consider learning and conceptual change to be the
result of social interaction, and individual cognition is mediated through social
processes (Piaget, 1985; Vygotsky, 1986). Science education as well points out that
classroom discourse is an adequate account for teaching socio-scientific issues in
terms of creating dissonance, thereby allowing for re-examining one’s beliefs and
thought-processes (cf. Zeidler et al., 2005). This dissertation focuses on the cognitive
processes underlying discursive activity to highlight what constitutes potential for
learning about contemporary science topics. For this purpose, | will also build upon
knowledge from social psychology, which has extensively researched the mechanisms

of social influence on individual judgement.

Empirical museum research supposes that social interaction and conversational
engagement are indeed a matter of special importance for science learning at
museums (Ellenbogen, Luke, & Dierking, 2004; Falk & Dierking, 1992; Leinhardt &
Crowley, 1998; Leinhardt, Tittle, & Knutson, 2002; vom Lehn, Heath, & Hindmarsh,
2002). Explicit dialogue and discussion among visitors were shown to foster

reconsideration and hypothesizing about the exhibition topic (Overwien, 2000).

I conclude from these theoretical considerations from both the perspectives of
cognitive, educational and social psychology, and the supporting empirical results from
the area of science education and museum research that social interaction in form of
opinion exchange and debate is crucial for critical thinking and reflective judgement
about contemporary science issues in the context of science exhibitions at museums. |
therefore propose that discussion and debate among visitors are major facilitators of

critical thinking.
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To support discussion and debate, advanced media applications can play an important
role by means of providing ‘spaces for dialogue’. Figure 1 shows exemplary design
proposals that follow the current trend to personalize exhibition content, to evoke

emotions, to involve museum visitors in active discussion.

Figure 1. Design proposals for innovative discussion-based media applications (Kaiser-

Matthies, Berlin, for Deutsches Museum, Munich)

I will refer to this kind of media application by the term discussion terminals, as opinion
expression and opinion exchange among visitors is central here. Discussion terminals
are considered as a conceptually innovative type of interactive media application where
contrary opinions of experts, concerned people, or laypeople are presented on
controversial science topics, and visitors are allowed to contribute their personal
conclusion. Implementation of such discussion terminals aims at raising awareness of
controversy, supporting critical thinking, and enhancing reflective judgement. These
media applications provide opportunities for opinion exchange and debate among
visitors that go beyond the actual exhibition setting. Discussion terminals have the
potential to promote critical thinking and reflective judgement by engaging visitors in

argumentative debate about ‘hot’ science issues.
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Despite the potential of discussion terminals for critical thinking and reflective

judgement about socio-scientific issues, there is a gap in research with regard to the

concrete learning mechanisms addressed by these media installations and their effects

on critical thinking and opinion formation. The third, empirical research question to be

addressed by the present dissertation is therefore:

lll. How can discussion-based media installations stimulate critical thinking and
reflective judgement about contemporary science topics within the context of

exhibitions?

To investigate the potential of discussion terminals for critical thinking and reflective
judgement, in Chapter 1, the learning potential of advanced media applications for
knowledge communication at science museums in general will be discussed. This
analytical discussion is based on both a review of existing media applications in
science museums and knowledge from educational psychology on central mechanisms

of collaborative learning.

In Chapter 2, these general analytical considerations on the potential of advanced
media installations for knowledge communication at science museums will then be
applied to examine the specific potential of discussion terminals for the communication
of emergent technologies and contemporary science topics. Research on informal
reasoning and critical thinking is reviewed to identify factors that are crucial for
deliberate opinion formation and reflective judgement in the light of ambivalent and
conflicting information. Based on these theoretical considerations, design requirements
for a discussion-based media application for communicating contemporary science

topics will be derived.

To yield deeper insights with regard to the educational potential of discussion

terminals, two experimental studies were conducted: Study | focused on individual
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judgemental processes and the impact of the active expression of a personal opinion at
a discussion terminal. Study Il more explicitly addressed opinion exchange and debate
among Vvisitors by means of the discussion terminal and examined the effect of
information about others’ judgement. In Chapters 3 and 4, the methods and results are

presented and discussed in the light of former research.

In Chapter 5, | provide a general discussion of the theoretical and practical implications
of this research. Considerations on the generalizability of the study results and an

outline of issues for future research are presented.

To summarize, the purpose of this dissertation is to synthesize knowledge from lines of
research concerned with critical thinking and reflective judgement (cognitive,
educational, and social psychology, public opinion research and science
communication, and science education). This allows for a well-founded
conceptualization of critical thinking, reflective judgement, and opinion formation about
contemporary science issues at science museums. Based on these conceptual
considerations, requirements for the support of critical thinking and reflective
judgement will be generated. This will in the first enable us to carefully design
advanced media applications as scaffold for learning about contemporary science
issues in the context of science exhibitions. Both the developed conceptual framework
and the empirical examination of a prototypical discussion terminal aim at broadening
our understanding of how lay people form their opinions about a contemporary science
topic and how we can successfully support them in reflective judgement about socio-
scientific issues, “which shape our current world and will determine our future world*

(Sadler, 2004a, p. 514).



1 Part I: Advanced Technologies for Knowledge

Communication in Science Exhibitions

For the purpose of this dissertation, science exhibitions are conceptualized as dynamic
information spaces for knowledge building that are constituted by three major pathways
of knowledge communication® museum-to-visitor, visitor-to-visitor, and visitor-to-
museum knowledge communication. By knowledge communication, | refer to the
dissemination, exchange, and co-construction of knowledge. It is contended that each
of the proposed major knowledge communication pathways relies on specific
mechanisms of learning and must therefore be supported by specific kinds of advanced

technologies.

In the following, the potential of advanced technologies for knowledge communication
among visitors is emphasized. The focus will therefore lie on the second pathway of
knowledge communication, namely visitor-to-visitor knowledge communication. A major
reason for this is that previous museum-related research points out that social
interaction and conversational engagement are highly relevant for knowledge
acquisition in science exhibitions (Ellenbogen et al., 2004; Falk & Dierking, 1992;
Leinhardt & Crowley, 1998; Leinhardt et al., 2002; vom Lehn et al., 2002). If we
consider communication of contemporary science topics with the purpose of enhancing
public understanding of science and technology as a major goal of modern science
museums, discussion and debate among visitors as a specific form of visitor-to-visitor
knowledge communication are a very promising way to foster critical thinking and
reflective judgement at science museums. Media applications can not only support

visitor-to-visitor communication, as will be argued in this chapter, but they also enable

> Museums have already been referred to as communication systems in former research (cf.
Hooper-Greenhill, 1991; Whittle, 1997).
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new forms of knowledge communication among visitors. The discussion terminals
presented above, for example, enable new forms of communication among visitors

beyond temporal boundaries (see figure 1 in the introduction section).

However, | will review advanced technologies applied in science exhibitions that have
not been explicitly designed to support knowledge communication among visitors. In
fact, interactive media are often constrained by very small displays not suited for more
than one person or by the lack of opportunities for direct manipulation by more than
one visitor at a time (Heath, vom Lehn, & Osborne, 2005). Another challenge is the
trade-off between interactive media use and social interaction: Walter (1996) found that
with increased visitor-media interaction, a decline in visitor-visitor interaction could be
observed. In their video-based field study, Heath et al. (2005) also observed “that these
new tools and technologies, whilst enhancing ‘interactivity’, can do so at the cost of
social interaction and collaboration” (p.91). Thus, | argue that it is not sufficient to
introduce advanced technologies in science exhibitions for their own sake. In order to
successfully face the challenges described above, it is crucial to develop a full
understanding of science exhibitions as dynamic spaces for knowledge building by

integrating perspectives from both museum research and educational psychology.

This conceptualization will enable us to systematically analyze the learning
mechanisms that might (or might not) be addressed in science exhibitions, so that we
can then research them in systematic ways and design advanced technologies that
explicitly facilitate knowledge communication. For this purpose, both an overview on
media applications in science exhibitions is provided and their potential for knowledge
communication and learning is discussed thereby drawing on knowledge from
educational and cognitive psychology. Specific mechanisms of collaborative learning
are identified which should inspire the design of innovative media applications that

explicitly support knowledge exchange and learning in science exhibitions.
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1.1 Science Exhibitions as Dynamic Information Spaces for
Knowledge Building

What are the distinct features of science exhibitions with respect to knowledge
communication processes? One major characteristic is the presentation and
explanation of scientific knowledge through presentation of authentic objects
(Gramelsberger, 2006). Such authentic exhibits with their inherent aura (cf., Benjamin,
1936) are designed to elicit both individual learning and social interaction, such as
communication between scientists and laypersons, within visitor groups like families or
friends, and even among unacquainted visitors. Since authentic objects are seldom
self-explanatory, learning is often supported by advanced-technology “labels” which
provide further explanations and - above all - reasons to explore an object more
extensively. Thus, science exhibits typically comprise the authentic object(s) plus text
labels and/or advanced media applications like film, information terminals, or interactive
tools for contextualization, explanation, facilitation of understanding, and arousal of
interest. Therefore, exhibitions have often been referred to as rhetorically complex
arguments (Scholze, 2004) or rhetorical events (Knutson, 2002). This notion also takes

into account the fact that exhibitions are carefully designed information spaces.

Another major characteristic of modern science exhibitions is that they not only present
scientific objects, facts, and figures, but are particularly designed to provide possibilities
for the visitor to actively participate in a collective knowledge building process. In this
way, a constructivist approach to science learning is realized (Black, 2005; Leinhardt &
Gregg, 2002; Schauble et al., 2002). In modern science exhibitions, advanced
technologies enable self-guided exploration and social interaction to stimulate
knowledge communication about scientific content among visitors (e.g., Ash, 2002).
The constructivist approach focuses explicitly on visitor engagement and learning -

defined by Perry (1993) as physical engagement with exhibits (“hands-on”), intellectual

10



Part I: Advanced Technologies for Knowledge Communication in Science Exhibitions

engagement (“minds-on”), emotional engagement (affective reactions), and social
engagement (e.g., discussion among visitors). Thus, learning in science exhibitions is
active and social in the sense that visitors themselves engage in knowledge building

instead of being passive recipients within a complex information space.

Furthermore, this active visitor engagement is not restricted to the real museum space.
Hsi and Fait (2005) emphasize the potential of advanced technologies to support
communication and learning beyond the real museum site. Examples include learning
collaboratories of science exhibitions (Kahn, 2007) or web-based “do-it-yourself”
experiments that allow school classes to integrate museum field trips with their
classroom activities before and after the visit®. Thus, learning in science exhibitions

includes knowledge communication within and beyond the museum space.

These considerations led us to the general theoretical conception of a science
exhibition as a dynamic information space for knowledge building, with its major
constituents, actors and the setting itself varying continuously and reaching beyond the

actual exhibition site and its present visitors.

1.2 Three Pathways of Knowledge Communication

Three pathways of knowledge communication are differentiated as the major

constituents of the dynamic information space “science exhibition” (cf. figure 2):

A. The first pathway of knowledge communication comprises the communication of
scientific expert knowledge to the visitor. This pathway is labelled the museum-to-
visitor pathway of knowledge communication. Within this pathway, science
exhibitions provide knowledge in a unidirectional, mass-media-like fashion

(Treinen, 1990). This pathway of knowledge communication includes whole

® Retrieved April 21, 2008, from http://www.exploratorium.edu/visit/sci-studio.html

11



Part I: Advanced Technologies for Knowledge Communication in Science Exhibitions

exhibitions, objects, and labels within exhibitions, but also more personalized
knowledge communication like guided tours or guidebooks for visitors.

B. The second pathway runs among visitors. This pathway will be called the visitor-to-
visitor pathway of knowledge communication. This pathway comprises both real-
time, face-to-face, (media-supported) reciprocal communication (knowledge
dialogue) and delayed, media-based or “virtual” knowledge sharing (knowledge
pooling).

C. The third pathway is a “feedback loop” from the visitor back to the museum. This
pathway is labelled the visitor-to-museum pathway of knowledge communication
here. In this pathway, visitors may give feedback on exhibitions, provide additional
information, correct mistakes, and, through all these activities, contribute to the
museum’s knowledge base (communicated again to other visitors later on, thus re-

entering in the first pathway of knowledge communication).

. Museum

S

3. Pathway
Exhibition/ ‘ 1. Pathway @wsitor

Exhibits

L — Socu_)-cognltlve
conflict
Internalization
’ /\\ Giving and receiving
\ \) help

Visitor R Knowledge dialogue

2. Pathway N Argumentation
f LN\ Knowledge pooling

Co-construction of
knowledge

Active participation
in knowledge
building

Figure 2. Science exhibitions as dynamic information spaces for knowledge building: Three
pathways of knowledge communication and major forms of visitor-to-visitor knowledge

communication with central learning mechanisms

12
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Concerning the first pathway, a good deal of research has been conducted on the role
of advanced technologies in supporting the presentation and explanation of exhibits
(e.g., Ayres & Melear, 1998; Bell, Bareiss, & Beckwith, 1993/1994; Falk, Scott,
Dierking, Rennie, & Cohen-Jones, 2004; Frost, 2002; Hapgood & Palinscar, 2002; Hsi,
2003; Reussner, Schwan, & Zahn, 2007). In contrast, the use of advanced
technologies for visitor feedback in science exhibitions (third pathway) is still in its
earliest stages and can only be discussed in terms of its future potential. The second
pathway, however, is an emerging and challenging field of research. Knowledge
communication among visitors is emphasized more and more strongly in practice, but
is still somewhat underspecified in theoretical approaches. Hence, | will focus on the
second pathway during the remainder of this chapter. The implications of this analysis
for the design of advanced technologies supporting knowledge communication in

science exhibitions will be considered.

In the following section, existing advanced media applications in science exhibitions will
be discussed that support the second pathway of knowledge communication -

knowledge communication among visitors.

1.3 Advanced Technologies for Visitor-to-Visitor Knowledge
Communication

In this section, prototypical advanced media applications that can support knowledge
communication between visitors will be presented. The presented media applications
are assigned to two major types of visitor-to-visitor knowledge communication, namely
knowledge dialogue and knowledge pooling. The notion of “dialogue” emphasizes the
interactive and reciprocal nature of this knowledge communication process. Here,
knowledge is mainly communicated real-time, co-located, and face-to-face. Knowledge
pooling, however, comprises knowledge communication processes that are mainly

asynchronous and media-based. This kind of knowledge communication also
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emphasizes the idea that visitors’ knowledge and experiences are “pooled” by means
of advanced media applications. This knowledge communication process is a form of
one-to-many communication where visitors share their knowledge for later retrieval by
other visitors. In the following, advanced media applications for these two forms of

knowledge communication will be discussed.

1.3.1 Advanced Technologies for Knowledge Dialogue

Knowledge dialogue has been intensively studied by various researchers in the field
(e.g., Ellenbogen et al., 2004; Falk & Dierking, 1992; Leinhardt et al., 2002; vom Lehn
et al.,, 2002). Leinhardt and Crowley (1998) even place conversational elaboration in
the centre of their model of museum learning as a form of knowledge dialogue.
Conversation has been studied both as process and outcome of learning at museums.
It has been found that conversation is a major learning activity in museums (e.g.,

Crowley & Jacobs, 2002; Morrissey, 2002).

Advanced technologies that support knowledge dialogue might enhance learning in
science exhibitions: Within a visitor group, conversational elaboration of content can be
supported, for example, by adapting information (e.g., on a mobile guide) to visitors’
shared interests, prior experiences, and prior knowledge. This adapted information
establishes a relation between exhibits and the group’s common ground (i.e., shared
knowledge that constitutes the basis for communication) and thereby also encourages
communication within this group (Mayr, Zahn, & Hesse, 2007). Adaptation of
information based on prior movements (cf. Oppermann & Specht, 2000) within a group
allows for the establishment of connections between different exhibits, and this in turn
enhances conversational elaboration of content. Another possibility for supporting
communication within a group is to provide each visitor with different information about
an exhibit and encourage exchange of this knowledge (Kruppa, Lum, Niu, & Weinel,

2005). Woodruff et al. (2002) found that individuals exploring an exhibition in dyads,
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each with an individual audio guide, used the information from both guides to build and
elaborate on this shared information by means of eavesdropping on the other’s audio

stream.

Some media installations even involve unacquainted visitors in knowledge dialogue. |
consider this a major potential of advanced technologies in science exhibitions. For
example, the London Science Museum displays controversial questions on a large
table, and visitors can vote on these issues by pressing the buttons “yes” or “no” (vom
Lehn et al., 2002). The displayed results then serve as a starting point for face-to-face
discussion. Such installations follow the current trend of implementing discussion
spaces, which | have already introduced in the first chapter and which is noticeable in
the context of exhibitions about contemporary scientific topics that involve a certain

degree of ambivalence and controversy especially (e.g., gene technology).

Discussion with other family members after the visit was found to be a primary factor
for the formation and retention of museum-visit memories (Hooper-Greenhill &
Moussouri, 2002). To elicit and support post-visit engagement with exhibits at the
Exploratorium (San Francisco), visitors can photograph themselves engaging with
specific exhibits and take these photos home with them to elicit and facilitate
discussion of their experiences (Fleck et al., 2002). Wessel (2007) presents an
advanced media application that allows visitors to take home exhibit information by
bookmarking it on a PDA. These personalized “trails” of a museum visit can be
accessed on the museum’s website later on and both aid individual post-visit
engagement and serve as a starting point for communication about the visit with family

or friends.
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1.3.2 Advanced Technologies for Knowledge Pooling

Communication about exhibits among unacquainted visitors and beyond temporal
boundaries is made possible by means of advanced technologies: Visitors share
information, ideas, and opinions on exhibits that can be retrieved later on by other
visitors. There is growing interest in stimulating conversation through exhibits that bring
up controversial questions (Rodari, 2005). Here, | see great potential in advanced
media applications: Museums might not only provide information about competing
viewpoints and sources, but also place visitors into the centre of the debate by giving
them their own voice at so-called discussion terminals (Knipfer et al., 2007). Visitors
can actively engage in public debate and leave their own opinions at these terminals to
be retrieved by other visitors later on. Discussion terminals offer new possibilities for
supporting communication and debate between visitors independently of their time of

visit.

Similarly, social annotation technologies enrich the visiting experience by providing
opportunities for knowledge pooling. Kateli and Nevile (2005) present an annotation
technology for museum websites where visitors can add personal thoughts to an
exhibition object. This annotation fosters visitors’ knowledge pooling. On the website
“Keskustelukartta”, visitors can additionally link resources to specific objects (Salgado
& Diaz-Kommonen, 2006). These examples of social annotation technologies have
been developed for museum websites, but there are also successful installations within
exhibitions themselves that allow for commenting (see also Stevens & Toro-Martell,
2003): Fushimi, Kikuchi, and Motoyama (2006) present a mobile-phone application to
gather visitors’ thoughts while they are exploring an exhibit. Visitors’ comments are
recorded and archived for retrieval by other visitors. Prior visitors’ personal experiences

and opinions can be accessed at the server and new ideas can be recorded later on.
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Advanced technologies can also be used to support knowledge pooling within the
context of more complex activities, like design activities: Visitors can create their own
web galleries and share these with other visitors or the general public (e.g., “Ingenious”

by the National Museum of Science and Industry, London®).

The presented advanced media applications are successfully implemented in science
exhibitions. But do they actually support knowledge communication between visitors?
Which forms of knowledge communication supported by advanced technologies are
especially promising? Theories of collaborative learning are helpful for the design of
advanced technologies as they unlock important learning mechanisms within visitor-to-
visitor knowledge communication. Thus, in the next chapter, different collaborative
learning approaches will be reviewed. The focus will lie on learning mechanisms that
rely on knowledge communication. The identified mechanisms will be transferred to the
context of science exhibitions, and | will discuss how this knowledge can inform the

design of advanced technologies for visitor-to-visitor knowledge communication.

1.4 Learning Mechanisms in Visitor-to-Visitor Knowledge
Communication

Collaborative learning is a concept that has been researched mainly in the realm of
formal learning settings. Here, many empirical studies have shown the efficacy of
collaborative learning in contrast to individual learning with regard to deeper
elaboration, higher performance in formal assessment, better reasoning and problem
solving strategies, lower stress level, higher levels of intrinsic motivation, and more
positive attitudes towards learning and learning content (e.g., Johnson, Johnson, &
Holubek, 1993). In general, collaborative learning elicits active, constructivist, and
explorative learning situations that are crucial for higher learning outcomes (Slavin,

1990). Collaboration fosters motivation and interest - which are both crucial factors in

* Retrieved April 13, 2008, from http://www.ingenious.org.uk/Create/
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learning (Berlyne, 1963, 1967; Hidi, 1990; Wild, Hofer, & Pekrun, 2001). These results
from decades of research on collaborative learning are very outcome-oriented. To be
able to inform the design of innovative advanced technologies for science exhibitions, |
looked more closely at the processes of collaborative learning. Major mechanisms
have been identified that are relevant for learning in science exhibitions, namely
cognitive conflict, internalization of social processes, giving and receiving help, and
argumentation (for extensive reviews on collaborative learning, see Konrad & Traub,
1999 and Webb & Palinscar, 1996), as well as further mechanisms based on newer
theoretical accounts, namely group cognition and knowledge building. The validity of
these accounts for informal learning will be discussed focusing on their significance for

advanced media applications within the science exhibition context.

1.4.1 Learning through Socio-Cognitive Conflict

Theoretical background. Processing objectives can vary within a group: Individuals
treat information differently because different perspectives, group norms, and
members’ roles shape processing objectives. Thus, group members’ encoding
strategies differ and result in different individual mental representations of a problem or
concept (Hinsz, Tindale, & Vollrath, 1997). The learning gain of collaboration, therefore,
is the intense elaboration on the learning material achieved by struggling with different
understandings of a concept. Intense examination of different conceptual
understandings and multiple perspectives can elicit a cognitive conflict, a “perceived
contradiction between the learner's existing understanding and what the learner
experiences” (Webb & Palinscar, 1996, p. 844). Piaget (e.g., 1985) assumed that a
cognitive conflict leads to mental disequilibrium, which then elicits the search for further
information and alternative concepts to resolve this cognitive conflict. Ideally, this leads
to a higher mental state and better conceptual understanding. Newer theoretical
accounts stress the role of social interaction in eliciting cognitive conflict and resolving

this conflict through discussion and negotiation. Natasi and Clements (1992)
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emphasize the role of discussion in resolving socio-cognitive conflicts. Resolving
conflicts by means of discussion can create a more complete and adequate

representation of a problem.

Transfer to science exhibitions. When asked about their social interactions in science
exhibitions, 10% of visitors stated that they disagreed with each other about the
exhibits (Packer & Ballantyne, 2005). Thus, conflict about exhibit interpretation is likely
to be a salient factor of learning in science exhibitions. Ferguson (1996) also assumes
that socio-cognitive conflicts are a major learning mechanism in family visits to science
exhibitions, as family members act on different cognitive levels: It was found that
exhibits that encourage interaction and debate between adults and their children might
elicit cognitive conflict, fostering a deeper understanding of the content. Therefore,
socio-cognitive conflict is an important instructional approach in the design of exhibits
addressing controversial science topics (Knipfer et al., 2007). The underlying cognitive

processes will be explained further in Chapter 2 of the present dissertation.

Advanced media applications. Earlier in this chapter, an installation at the London
Science Museum has been described that displays controversial questions arising from
contemporary science topics on a large table (vom Lehn et al., 2002). This installation
displays visitor voting results and might therefore elicit socio-cognitive conflicts if there
is disagreement between visitors. The socio-cognitive conflict might trigger face-to-face
debate with other visitors and a further search for information (“Why do they think
that?”). These considerations will be further explained in Chapter 2 to specify the
potential of socio-cognitive conflict and disagreement for individual judgement about

controversial science issues.
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1.4.2 Learning through Internalization of Social Processes

Theoretical background. What if there are no different perspectives and no “clash of
concepts” in a group? Vygotsky (1978, 1986) stated that cognitive development occurs
through internalization of social processes - this means, in turn, that cognitive
development requires social interaction. Knowledge is considered to be disseminated
across learners by means of tools like language or shared artifacts. Others’ ideas and
abilities trigger further development; a learner learns during interaction just by thinking
together with a more competent partner. Vygotsky (1978, 1986) established a theory of
group learning that focuses on the “zone of proximal development” (ZPD). The
potential for cognitive development depends upon the ZPD, a level of development that

learners can attain when they engage in social behaviour.

Transfer to science exhibitions. As learners come with different prerequisites for
interaction with an exhibit, they should be given the opportunity to access the exhibit's
information in multiple ways. Ash (2004) argues that exhibits should be designed to
provide multiple entry points to the ZPD. Moreover, exhibits serve as “shared space”
for the externalization of individual knowledge. Learning - in the sense of Vygotsky
(1978, 1986) - happens by means of building on ideas provided by others during
conversation about an exhibit. The concept of conversational elaboration (Leinhardt &
Crowley, 1998) builds on Vygotsky's work. Meaning emerges in the interplay between
individuals acting in social contexts and the mediators - tools, talk, activity structures,
signs, and symbol systems - that exist within these contexts. In the socio-cultural
approach, researchers highly value the social context and assign group conversation a

predominant role in learning through science exhibitions.

Advanced media applications. Kruppa et al. (2005) suggest using interindividual

differences to enhance learning in a group: A computer model of the whole group is
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built by using knowledge gaps between group members to estimate at which exhibits
maximal knowledge can be gained. At these exhibits, the system encourages
knowledge pooling and can therefore enhance the learning experience for all group

members.

Advanced media applications might even serve as “learning partners,” for example
when pedagogical agents trigger interpersonal knowledge communication between a
museum visitor and a virtual learning partner. The system might assess a visitor's ZPD
and provide assistance for elaboration only at those points where assistance is
required. In this way, the technology could provide a framework of learning activities,
which could, to a limited extent, include conversational activities and communication.
But not only individuals might be supported by pedagogical agents who structure the
learning process; groups could also be supported in their collaborative inquiry activities

during the exploration of exhibits, for example through questions or prompts.

1.4.3 Learning by Giving and Receiving Help

Theoretical background. Asking questions and giving explanations are considered
crucial learning activities, as they elicit metacognitive processes and self-evaluation
(e.g., Kaartinen & Kumpulainen, 2002). Of course, help seekers profit from their
interaction: Explanations given by a peer are often more helpful than explanations
given by an expert, as peers have similar prior knowledge and are therefore able to
produce more relevant and adequate explanations. Those giving this help also profit,
because explanations require explication, restructuring, and knowledge transformation
of one’s own understanding, not to mention continuous consideration of the recipient
during the verbalization of explanations (Bereiter & Scardamelia, 1987b; Dehler,

Bodemer, Buder, & Hesse, 2008).
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Transfer to science exhibitions. Raising questions about exhibits and giving
explanations to each other are quite typical activities in groups visiting a science
exhibition (e.g., Crowley & Jacobs, 2002). Questions are an indicator of curiosity and
situational interest, and they can elicit learning if answered (Wessel, 2007). Therefore,
many museums deploy knowledgeable attendants who answer visitors’ questions (e.g.,
Woodruff et al., 2002). Additionally, both questions and explanations are important
aspects of conversational elaboration, which is a salient factor of learning at science

exhibitions (Leinhardt & Crowley, 1998).

Advanced media applications. Raising and answering questions are especially typical
conversational activities in parent-child visitor groups (Crowley & Jacobs, 2002). Often
parents reach the limits of their knowledge when confronted with their children’s
questions. Advanced media applications could support parents in answering their
children’s questions by providing a repository of answers to frequently asked questions
(FAQs) for each exhibit. These FAQs can be collected and answered by visitors (e.g.,
in a wiki) or provided by museum curators. The main constraint of such an advanced
media application is the necessity of collecting an extensive number of questions and
others’ proposed answers. Of course, adults may use such a media application not

only to satisfy their children’s curiosity, but also to answer their own questions.

1.4.4 Learning through Argumentation

Theoretical background. As science topics often involve multiple perspectives of
various actors and their arguments for or against an alternative, knowledge
communication requires argumentative skills both to evaluate given arguments and
also to express and defend one’s personal opinions in discussions with other visitors.
The negotiation of divergences of opinions or understanding through argumentation
fosters learning threefold: First, expression of a personal opinion requires elaboration

of available information, analysis and restructuring of given information, and
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organization of this knowledge for the purpose of arriving at a defensible position
(Leitdo, 2000). Second, argumentation during group discussion involves not only
determining what to say but how to say it. This elicits higher-order thinking (e.g., in
order to produce audience-appropriate explanations), which in turn results not only in
recall of presented information, but also in transformation of this information (Bereiter &
Scardamalia, 1987b). Third, discussion and debate require the consideration of
counterarguments and the construction of well-founded rebuttals to defend one’s
personal opinion. The cognitive processes involved in debate and argumentation may

improve the quality of acquired knowledge (Fischer, 2002).

Transfer to the science exhibitions. Science exhibitions are faced with the challenge of
both presenting the ambiguity and controversy of contemporary science topics in their
exhibitions and explicitly supporting visitors in developing and expressing deliberate
opinions (Cameron, 2003; McLean, 2006). Museums increasingly place visitors into the
centre of the debate by giving them their own voice (Cameron, 2003; Gammon &
Mazda, 2000). Both reflective judgement about a controversial science topic and
expression of a well-founded opinion have become major learning goals of modern
science exhibitions (Bell, 2008). Rodari (2005) states that visitors seek social
engagement around such topics by means of intense discussion and debate with their
companions. Elaboration on and discussion of reasons for opposing positions can
enhance elaboration on relevant arguments for a given alternative and thereby foster
both critical thinking skills and the acquisition of factual knowledge (Knipfer et al.,
2007). This assumption was tested in my second study, which will be reported in
Chapter 4. In Chapter 2, the underlying theoretical considerations on the potential of
disagreement and debate among museum visitors for critical thinking and reflective

judgement will be further explained.
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Advanced media applications. Pedretti (2006, p.30) states that “spaces for dialogue
[...] enhance the spirit of inquiry, allow for a free exchange of ideas, and encourage the
formulation and articulation of carefully thought out, defensible opinions.” | have
already discussed the interactive tables at the London Science Museum, where visitors
are encouraged to vote for given alternatives and to engage in face-to-face discussion
to resolve disagreement. However, not only face-to-face discussion but also
discussion-based computer terminals might provide valuable opportunities for learning
about controversial issues in science exhibitions as will be further specified in following

chapters of this dissertation.

1.4.5 Learning through Co-construction of Knowledge and Group
Cognition

Theoretical background. Relatively new theoretical approaches see the group itself as
the learning unit (Stahl, 2006). Knowledge is collaboratively built through negotiation
and discourse. In this conception of learning, the group is more than the sum of
individual contributions. Group cognition is seen as an emergent phenomenon where
(a) the small group is the primary unit that mediates between individual learning and
community learning; (b) community participation takes place primarily within small
group activities; (c) individual learning is acquired largely through participation in these
small group activities; (d) individual identities are formed and acknowledged through
small group activities; and (e) community practices are enacted and reproduced

through small group activities (Stahl, Koschmann, & Suthers, 2006).

Transfer to science exhibitions. Especially in science exhibitions, collaborative
meaning-making can initiate cognitive elaboration processes (Rowe, 2002). Rowe
points out that meaning-making in science exhibitions is a joint social activity: He sees
the processes of meaning-making as “active co-construction”: Achieving understanding

and making meaning are things people do actively, and that work is reflected in their
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conversations both in the themes of the conversations (what they say) they have during
meaning-making activity and in the structures of the conversations and activities (how

they say what they say).

Rowe (2002, p. 22) also states that an exhibit is not always understood in the way the
exhibition designer intended. Instead, visitors co-construct their own meaning by
means of conversation; the way they accomplish this is shaped by affordances or
constraints of the exhibit itself. “As a result, the group, in effect, ‘knows’ more than any

of its individual parts.”

Advanced media applications. Sumi and Mase (2001) developed a system called
AgentSalon, which facilitates face-to-face discussion among people with shared
interests at science exhibitions. The mechanism behind this system is integrating
personal agents through a face-to-face discussion of two to five users. “The essential
jobs of AgentSalon are to detect and represent shared/different parts of the personal
information (e.g., interests and touring records) of several users” (ibid, p. 394). For this
purpose, visitors use their personal PalimGuide to “feed” AgentSalon with personal
information like interests, experiences, or opinions, which then “move” to the public
screen in the form of an animated agent. Agents then automatically start a
conversation around their shared interests, about common as well as differing opinions,
or about similar and dissimilar experiences. Visitors can actively engage in this
discourse and meaning-making process by elaborating on their agent's information,

thereby collaboratively creating new knowledge.

1.4.6 Learning through Active Participation in Knowledge-Building

Processes

Theoretical background. Scardamalia and Bereiter (1994) introduced participation in

knowledge building as an alternative form of education in today’s knowledge society. “A
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knowledge-building environment enhances collaborative efforts to create and
continually improve ideas” (Scardamalia, 2003, p. 270). Learning is understood as a
by-product of active participation of all members of a community in the knowledge-
building process and comprises advantages in literacy as well as the acquisition of
knowledge and skills. This approach has a broader focus than more traditional
collaborative learning theories: Knowledge, in this account, comprises not only
cognitive, but also external representations as products of group work (in this sense,
Wikipedia is also a representation of community knowledge, regardless of whether or
not this knowledge is also internalized by single community members). Knowledge
building also comprises the assumption that individuals not only enlarge their own
understanding by participating in the collective knowledge-building process, but that
they assume cognitive responsibility for the advancement of collective knowledge in the

community (Scardamalia, 2002).

Transfer to science exhibitions. As stated in the introduction, the advancement of
community knowledge is a goal inherent to museums as institutions. However, it is still
not quite clear who should actively participate in the collective knowledge building
process: Curators? Designers? Visitors? Many museums are still reluctant to
implement a consistent practice of true visitor participation and rather see themselves
mainly as providers of expert knowledge for a lay public (cf. Trant, 2006). Even though
feedback from expert visitors is used to improve exhibitions, visitors are usually not
systematically integrated into the process of collective knowledge building. If a museum
were to change its identity from provider of expert knowledge to a knowledge-building
community including visitor participation, it could allow visitors to construct and
enhance the knowledge within exhibitions — in the sense of Scardamalia and Bereiter
(1994). Visitors could learn from knowledge contributed by other visitors. They could
build upon this knowledge and create new knowledge that again might be used by

other visitors for further learning and knowledge building.
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Advanced media applications. Hoffmann and Herczeg (2005) suggest implementing a
wiki called “Wikiseum” on a museum website. This wiki application allows for
knowledge building by visitors themselves. Visitors engage in active manipulation of
exhibition content; they can share their expertise with other visitors and personalize the
virtual exhibition. This might not only increase motivation and interest but also create a
lasting community of interest that communicates and shares knowledge for a longer
period of time. The information space of the science exhibition can thus be expanded

and is no longer restricted by time or location.

Another media application in which new knowledge is built by active visitor participation
is social tagging, where information - “tags” - are supplied and shared by visitors (Trant,
2006). This new information comes from the visitors themselves and contributes not
only to the museum’s knowledge base, but also to a community’s or society’s
knowledge. Thus, through such media applications, exhibitions can support knowledge
building. Hall and Bannon (2005) used this approach in the Hunt Museum (Ireland):
Visitors could record their own interpretation of four mysterious objects. Afterwards,

other visitors’ interpretations could be retrieved from a radio installation.

1.4.7 Concluding Reflections on Learning Mechanisms in Visitor-to-
Visitor Knowledge Communication

In this chapter, mechanisms of collaborative learning have been presented that are
addressed in visitor-to-visitor knowledge communication in science exhibitions. These
mechanisms differ with respect to the degree to which they focus on either the
individual (under social influences) or the group as a central learning unit. The two
mechanisms “socio-cognitive conflict” and “internalization of social processes” imply
that individual learners bring different background knowledge and different mental
representations into the social learning situation, which makes it necessary to establish

a joint understanding through knowledge communication. Central activities to establish
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this joint understanding are “questioning and explaining” and “argumentation”. Peers
give help and assistance to each other, provide additional resources and information,
give feedback about behaviour and ideas, and often hold different perspectives on and
mental representations of a problem. Visitor-to-visitor knowledge communication is
relevant, as individual mental representations can be incomplete and may be enriched
or corrected by social interaction. In argumentative knowledge communication,
negotiation of divergent opinions or understandings results in higher-order learning.
The social situation creates opportunities for expressing and defending one’s own

opinion about given alternatives, thereby fostering individual understanding.

In contrast to these mechanisms, “active participation in knowledge building” and
“group cognition” are mechanisms on the group level itself: Both approaches assume
that an individual contributes to the knowledge of the group (group cognition) or
community (knowledge building) during manipulation of external representations.
Individuals profit from group processes but are not the main focus of attention in related
research. Here, an open question is which knowledge is ultimately internalised by an
individual learner involved in group-learning processes. If group knowledge only exists
“outside” the individual (e.g., in form of an external representation like a group product),

it can only be traced when reified in artifacts (e.g., discussion terminals or wikis).

The mechanisms presented here are not mutually exclusive, though some of them are
closely intertwined: For example, during knowledge building with external
representations like wikis, learners might also experience and resolve a socio-cognitive
conflict. If their representation of the issue does not fit in with the content of the wiki,
they might finally manipulate the external representation. In laboratory experiments or
carefully designed qualitative studies, collaborative learning can only be traced back to
one single mechanism. In contrast, advanced technologies in science exhibitions can

support more than one mechanism of collaborative learning simultaneously. The
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advanced media applications presented in this chapter were reviewed with respect to
the question of which collaborative-learning mechanisms they support (cf. table 1). The
results confirm that most advanced media applications support more than one

mechanism.

1.5 Discussion

In this chapter, a framework for understanding informal learning in science exhibitions
has been presented, and the potential of advanced media applications for visitor-to-
visitor knowledge communication has been analysed. For this purpose, science
exhibitions have been considered as dynamic information spaces for knowledge
building. Three pathways of knowledge communication were proposed as the major
constituents of this dynamic information space. Various advanced media applications
which can support social engagement within the second, visitor-to-visitor pathway of
knowledge communication were discussed with regard to their rationale based on

theories of collaborative learning.

First, we can conclude that visitor-to-visitor knowledge communication appears in
various forms, namely (a) one-way and two-way, (b) synchronous and asynchronous,
(c) within and beyond existing groups, and (d) during and after the actual visit. Second,
advanced technologies have the potential to support all traditional forms of visitor-to-
visitor knowledge communication. Additionally, they enable new forms of knowledge
communication like knowledge pooling (e.g., by means of social annotation systems or
discussion terminals).