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Abstract: The project “Embodied Virtual Objects” describes
a strategy and technological setup to explore rare museum
objects with the help of touch-enabled handheld devices. In a
mini-exhibition that can be downloaded to a consumer device
users can explore virtual representations of museum objects
through an intuitive touch-interface. They can access additional
information and examine the objects by turning them, zooming,
and scrolling, allowing the users to become active and engaged
museum visitors. The application is tested for its value in the
preparation of a museum visit, as supportive material during
the museum visit, and as a reference after the visit. The study
assesses the technical setup, feasibility, and first user responses. 
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I. Introduction
A museum visit does not anymore consist simply of

making a trip to the museum and exploring the exhibition.
Today the majority of museum visitors first visits the website
of the museum to find out about current shows, opening
hours etc. It has become almost indispensable for a museum
to feature their holdings on a website that offers rich content
beyond the practical information about exhibition calendar,
location, and hours. The web presence plays a big role in the
preparation of the museum visit as well as in continuing the
experience after the visit. It has been shown that online
resources are widely used to plan the visit in a practical sense
[1], [2] and in order to develop a personal interest in specific
holdings [3]. The learning process centered on the museum
visit does not end when the visitors leave the museum and
visitors often continue to expand on their visit and draw
conclusions from their experience well after the visit [4].
Off-site reference materials such as exhibition catalogues as
well as online resources are important for this process. While
the online availability of practical data is most important
prior to the visit, visitors are more likely to access content
related to the collections, additional images, and research
materials after their visit. Providing high quality resources
enabling both phases, before and after the visit, are a means
for institutions to build an ongoing cyclical relationship with
their visitors and result in more frequent visits [5].

In the described scenario the museum visit can be divided
into two separate parts: The off-site component and the on-
site component. Traditionally the main focus of museum
institutions has been the latter component but in order to

build a strong relationship with their visitors both
components have to be taken into consideration equally and
conceived to be mutually supportive. In particular for natural
history museums the main drawing power came from the
high quality and “life-likeness” of their objects. Well-made
taxidermies were the main attraction giving the viewer the
opportunity to see exotic animals in a highly realistic form. A
considerable amount of the power of this attraction has
disappeared with the availability of a multitude of nature
films on television, which extend the possibility to see exotic
species to the home screen. To maintain the power of
attraction of the museum it has become important to offer
new layers of content to the visitor. The aspect of exploratory
engagement, allowing the visitors to examine objects in a
self-guided way and giving them the possibility to be
“explorers” by themselves, is an important component that
films do not offer. In the more recent studies a perspective of
the museum visitor as active interpreters has been fostered
[4]. Building a strong information ecology that integrates
both components, on-site and off- site, is a challenge for
museums and goes in hand with a reconsideration of the role
and function of the collection as the main asset of the
museum [6].

The project “Embodied Virtual Objects” is the first part of
a series of studies exploring different ways of constructing an
information infrastructure that faces the challenges laid out
above. The focus of the project is on natural history
collections. It is a small scope pilot study intended to
determine acceptance and feasibility of downloadable media
content-units offered to museum visitors for self guided
support of their visit. The recent popularity of tours that can
be assembled by the visitors themselves using online
resources such as podcasts or phone guiding systems such as
the “Art on Call” series of the Walker Art Center in
Minneapolis indicates a demand for highly customized
experiences that go beyond the standard audio guide that is
still the standard in most museums. The general acceptance
of these offers by the audience is very high as Robin Dowden
from the Walker Art Center states. This demand encouraged
us to investigate possibilities to use popular entertainment
devices to create an experience that integrates both the in
depth programming of the guided tour with the possibility
for self-guided exploration and the encounter with tangible
museum objects.
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II. The museum of the 21. century
In the competition with a broad variety of offerings in the

field of information as well as entertainment media, the
museum has to revise its approaches to stay “contemporary”
and keep its experience attractive. In an attempt to introduce
more flexible and holistic ideas into the museum work, Eva
M. Reussner argues in her paper Strategic management for
visitor-oriented museums that museums should move
towards a strategic management approach. “Strategic
museum management consists of organising, planning,
leading, and monitoring all areas of museum work, such as
collections, research, exhibitions, public programs,
administration, and marketing in the view of the museum’s
primary goals.” [7] In line with this notion several museums
are experimenting with integrating their offerings and
creating new programs and activities for the potential
museum audience. Programs in this vein range from attempts
to turn the museum visitor into a curator who arranges his
visit with the help of online resources that give him highly
customized and individualized access to the holdings [8], as
well as to personalized museum tours with iPhone or iPod
devices [9].

The described project “Embodied Virtual Objects” was
developed with a similar aim and to address three different
aspects of what can be seen as a larger strategic program for
museum work that makes use of a range of media
technologies to support the actual on-site experience. The
first goal was to allow for a personalized access to the
museum according to areas of interest that have been
identified before the visit with the help of the museum online
resources and that filter into a customized self-curated tour;
second we are aiming for an integration of the on-site and
off-site experiences. Within the off-site experience we
distinguish the pre-visit phase dedicated to the process of
getting acquainted with the holdings and identifying areas of
interest and the post-visit phase where parts of the
experience are reviewed in a customized record of the visit
that reflects the stations visited; and third we are aiming to
create a tool that augments the on- site experience and fosters
a process of active learning.

III. Playful interaction with virtual objects
“Embodied Virtual Objects” is an interactive virtual mini-
exhibit that can be downloaded and explored at leisure with a
handheld touch-enabled device. Through an intuitive

interface users can examine virtual representations of
the museum objects in a tangible way as if they were
“holding them in their hands”, they can turn them around,
look at them from all angles, zoom in to look closely etc.
This exploration can happen in preparation before a visit to
the real museum, it can happen during the museum visit
providing additional information and perspectives that are
not possible in connection with a real object, and after the
visit as a way of reviewing and revisiting the experience with
the real objects. The hypothesis we are investigating in this
project is that the use of popular handheld touch screen
devices allows to create an experience that bridges the gap

between on-site and off-site resources for a museum visit and
combines the benefits of popular devices such as mp3
players in the preparation of customized museum visits with
the experience of encountering and exploring real tangible
objects. Our notion is that this kind of experience can foster a
new form of heightened accessibility of the objects and that
it can have great benefit for the creation of an ongoing
relationship between the visitor and the museum collection.
In later stages the scope of this first experiment can be
widened and integrated with extensive web-resources that
can provide a wide range of options for customization and
the identification of areas of interest priors to the visit of the
museum and potentially as a motivation for such a visit.

A. Enabling the museum visitor
The motivation that brings visitors to a museum is the
possibility to the see original objects in reality. In the case of
natural history museums this power came from the
possibility to see real animals from all parts of the world
brought together in one place. The majority of natural history
collections was amassed in the 19th and early 20th century,
which was a time where museum politics changed
fundamentally. During this time we see the emergence of
public museums with an educational purpose and
accessibility for a general public [10]. The educational value
of the contemplation of real objects was considered very
high. With this opening to the public, though, the objects
themselves became increasingly inaccessible. While in the
early collections it was normal practice that the scholars take
objects out of their cases and turn them in their hands to
examine them and make their own observations, this practice
was not possible in the public museum anymore. In the
public museum objects were only presented in display cases
and out of the reach of the visitors as mere objects of
contemplation rather than examination.

Modern museum concepts treat the visitors as more
autonomous subjects and provide more openness in the
didactic approach. Nevertheless, the direct tangible access
has rarely been re-established. One way of remedying the
distance to the objects can be seen for example in the Natural
History Museum in Paris where the high quality fragile
taxidermies were replaced by simplified models placed in the
exhibition without any sheltering case around them. The
accessibility here compromises the amount of detail and
fidelity that the viewer can access. Since detail is important
in a science that relies exactly on this detail in order to
establish the subtle differences between species, we were
searching for another approach in our project. Our attempt to
implement tangible access to the artefacts uses virtual
representations of the objects that visitors can examine
through a touch interface. In order to provide tangibility and
preserve the detail of the original we are using a virtual
model of the object that is based on a large set of high quality
photographic images.

Re-establishing the possibility to “touch” the artefacts and
examine them at will constitutes a significant change in
museum practice. It breaks the barrier of an authoritative
display without compromising in the needs of preservation
and protection of the objects. Of course it is impossible to
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replace the power of originality through any kind of
mediated form of display but according to the reports from
our test audience the pleasure of being able to manipulate the
artifacts is great and recreates a certain amount of the
immediacy of the real object.

B. Delivering historic context
In the past years an increasing awareness of the contextual
information around museum objects and collecting practices
has developed. While in the traditional approach exhibits in
natural history museums were meant to display the objects
primarily as objects of a scientific interest and theory. To
give an example, a taxidermy was intended to give an
impression of the species in regards to appearance, anatomy
etc., secondary messages communicated through this
taxidermy might be an exemplification of behavioral aspects
of the animal, such as the bird-flight, or evolutionary aspects
of how this species may have developed, how different
stages of age look etc. In more recently developed
approaches museum objects are also interpreted beyond their
primary role in the natural sciences for example as witnesses
of collecting practices and as historically contextualized
objects. This perspective has been formulated by historians
and museum specialists [11], [12] and has slowly found its
way into the curating practice of natural history objects [13].
Part of this curatorial shift is also the notion to present
objects together with their original collection furniture, the
cabinets that were used to store them and that still preserve a
historic significance. While often the furniture is only
considered a practical protective housing for the objects and
therefore not attributed a lot of attention besides the usage
value, the notion of a cabinet as a knowledge tool that plays
a role in the scientific knowledge constitution and thus is part
of a science- historical curatorial practice has been
formulated [14] and has become part of exhibition concepts,
as instantiated among others by the exhibition “Klasse,
Ordnung, Art” in the Natural History Museum in Berlin,
Germany. The approach proposed in this chapter supports the
realization of this curatorial concept, which was part of the
development intention. The objects on display can remain in
a specifically curated historical setting, i.e. enclosure or
situation, while still being accessible for detailed
examination and exploration by the user. In this scenario the
presentation of virtual representations of museum objects
next to the original objects becomes a compelling experience
as it provides several layers of information that could not be
achieved with solely one of the presentations.

IV. Technological basis
We decided explore the usability of virtual objects since
earlier studies have shown that virtual environments and
computer simulation can provide significant learning benefits
and create a quasi-tangible experience quality [15]. The
applicability for museum installations has been investigated
with various examples [16]. Also the recent (2007)
experience made in the Natural History Museum in Berlin
showed a significant increase in visitors after the opening of
re-designed parts of the exhibition employing a range of
media installations such as the “Jurascope”, which overlays
simulation images from dinosaurs onto their skeletons in the
exhibition. Compared to our project the “Jurascope” has the
downside that it is limited to the on-site experience and
cannot be taken home or accessed remotely. Technologies
such as Augmented Reality displays or virtual environments
were so far not available in a mobile setting. In the recent
past, though, small handheld devices have entered the
consumer market, which have sufficient graphics
computation power to run interactive simulations and small-
scalevirtual environments. The use of small mobile devices
in the context of immersive museum experiences is rather
recent. Projects like the “Aixplorer” and the “Corona”-
experience in the “Aixplorer” framework explore the use of
mobile technology in this context [17]. In most cases,
though, dedicated hardware is used that has to be provided
by the museum (in the case of the “Aixplorer” an off-the-
shelf cellphone is used with custom-made location tracking
hardware) and therefore requires a considerable hardware
investment by the museum, equipment tracking and most
importantly allows only for an on-site experience and does
not support the phases before and after the museum visit.

For “Embodied Virtual Objects” we decided to use a
popular off-the-shelf handheld device which has a rather
wide distribution and decided to develop it as an App for the
iPhone and iPod touch from Apple Inc. People who own
such a device can download a small application that delivers
the interactive mini-exhibit to their device and makes it thus
available for exploration in all three phases of the museum
visit. This architecture allows for a custom-made interface
using the built-in touch sensitivity of the device. Through
this interface it is possible to explore objects in the palm of
the hand in a quasi-tangible way. The footprint of the
application is kept rather small in order to accommodate for
the limited storage capacity of the handheld devices.
Additional materials were acquired through an online
connection and downloaded through the application from a
dedicated server. In order to provide as fast as possible data
traffic an openly accessible wireless network access was
provided.
The project uses a large set of photographically generated
images. A series of high quality photos has been taken
covering the objects of the project-exhibit from all angles in
a 360-degree coverage in 10-degree steps. For each of the
objects on display this results in 540 images (Figure 1).
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Figure 1. Grid of different perspectives of a glass model

In order to optimize the production of these images, which
also serve the purpose of the ongoing digitizing project of the
museum holdings, we used a specialized motion control
camera (Figure 2).

Figure 2. Motion-Control-Camera setup with object on
turntable

This setup automatically positions objects and camera for
all necessary shots, and allows to reduce manual
interventions to the initial positioning and removing of the
object on the shooting turntable, virtually automating the
entire capture process. To allow for good photographic
quality the objects have been brought into a light tent with
more or less standardized lighting. The arrangement of
lighting was the most time intense part of the capture process
since the objects had highly reflective surfaces. With the
highly reflective surfaces of the object it was important to
avoid excessive highlights as well as confusing reflections. It
is important to make sure that the different perspectives of
the objects fuse together to give a coherent and immersive
impression of the photographed object. The same applies to
the photography across different objects, which has to be
consistent and objective to establish a notion of coherence
across the entire experience. As Singh, Zaveri, and
Raghuwanshi state [18] imbalances in illumination can have
a strong effect on the recognizability of images and it is
important to account for possible differences in the lighting
situation.

While the process overall can still be optimized we were
able to produce the imagery for the project in three days. For
the use with the handheld device the photos had to be scaled
down to a size of 1024 by 1024 pixels and additionally
retouching and masking of the individual images was
applied. For the implementation of the virtual environment
we used the commercially available real- time 3D-engine
Unity 3D. This game engine provides a very convenient user
interface that makes the authoring process feasible also for
non-programmers. We developed a number of workflow-
tools that will allow us to hand the production process of
applications like the “Embodied Virtual Objects” off to some
trained people from the museum-communication staff.

The photographic images are used as texture maps on
billboard-objects that are navigated by the user. Depending
on the perspective the user chooses the corresponding image
is shown. The photographic approach is able to preserve the
high detail and visual quality of the original objects that
would normally get lost in a purely computer generated
approach. Besides the general shape of the artefact all
imperfections and irregularities are equally translated into
the virtual object. Through the touch screen of the device the
objects are available for close examination, the users can turn
them around, zoom in and access additional information on
the objects.

V. Spinning jellyfish
The set of objects that was chosen for the project “Embodied
Virtual Objects” is a series of historic glass models of deep-
sea creatures. The models represent different species of
jellyfish and other deep-sea creatures. It is an irony in itself
that for the implementation of our virtual objects we chose
objects, which were themselves “virtual versions” of deep-
sea creatures made in the 19th century. Since jellyfish are
consisting 99% of water and live in the high-pressure regions
of the sea it was almost impossible to preserve these animals
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with the technologies of the 19th century. The model-makers
Leopold and Rudolph Blaschka in Dresden managed to
develop a technique that allowed them to build very intricate
models of these creatures in glass [19]. The 40 glass models
of the Museum for Natural History are highly detailed and
extremely fragile and more sensitive to vibration than most
other taxidermies. Therefore these objects are very rarely
shown and can only be displayed in solid glass display cases,
which makes it impossible for the viewers to closely
examine the complex three- dimensional structure of the
jellyfish. With the described technological setup it becomes
possible to explore the objects in depth and spin them, turn
them, zoom into them to closely examine their structure.
Small labels that can be interactive activated are used to
identify elements of the jellyfish.

Figure 3. Glass models inside the cabinet in the context of
other historic documents and objects

In the small test-exhibit we presented the glass models in a
historic cabinet which used to serve as the storage for these
objects (Figure 3). In former times the objects were part of a
teaching collection and used to demonstrate anatomic
specificities of the different kinds of jellyfish. For this
purpose they were only shown to select groups of students,
but they were not part of the publicly accessible collection.
Presenting the models now in their historical context with
explanations about the model makers, the time of their
creation, which falls into the time when around the turn of
the 19th to the 20th century the aquarium movement
originated, and specific explanations about the different
animals.

VI. Evaluation
Focusing so far on only one display case the mini-exhibit
makes a small excerpt of the large holdings accessible for
individual exploration in all three phases of the museum visit
as described above. The objects remain available for
reference and the user can turn to them to revisit what he has
seen in the museum. It is a bit more complex to correctly
assess the role of the “embodied Virtual Objects”-
application during the museum visit. Given the fact that the
application provides only photographic representation it is
not as stunning as the real original. The added value is that
the application functions like a visualization tool, it allows to
view the objects from perspectives that are not available in
the real exhibition due to protection constraints. Furthermore
it adds contextualized labels that are placed in precisely the
location they refer to for example to describe a light organ of
a deep-sea creature. This is an easy task in the virtual object
where these labels can be turned on and off, but it is difficult
to fix labels to the real object without obstructing the view.
Another quality, which is difficult to quantify, is the pleasure

Figure 4: Touch screen interactions with a virtual object:
1. Pinch two fingers to zoom in and out (left image)
2. Swipe two fingers to scroll the enlarged image (middle image) 
3. Swipe with one finger for rotation around the x- and y-axes (right image)
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that our test audience derived out of the pleasure of
manipulating the objects with simple finger gestures. The
interface of the application implements a set of established
gestures to navigate the objects as shown in figure 4.

In order to get a first feeling for audience responses we
made our project available to a small test audience consisting
of 30 people (male and female). The participants were
provided an iPod touch with the exhibit installed. Since the
software was provided pre-installed the assessment of the
ease of the installation process as well as its relationship to
the context of the website were not part of our study. For the
installation we used the normal process, which is the same
for all Apps on these devices and users are generally familiar
with this process. The assessment of audience responses was
done in interviews right after the visit and again 1 week after
the visit to assess how often people returned to the
application and how it influenced their thinking about the
content of the exhibit. The responses were generally positive,
though 7 out of the 30 participants did not re- access the
exhibit on their devices again prior to the second interview.
As they stated they did not feel a necessity to revisit the
content. We also have to account for a novelty-effect making
the participants more inclined to access the application,
which might wear off are more exhaustive deployment. We
noticed an unexpected benefit in the satisfaction that the free
gift of an App that was generally perceived as “pleasurable”
and “entertaining” created. Users felt they get something to
take home.

It seems that the pleasure of interacting with the objects
counterbalances some of the drawbacks of the mediated
representation. Further reports stated that the status of the
virtual objects changed before and after the encounter with
the real object. While before the real object was seen the
exploration of the virtual object has the character of
revealing something unknown and stimulating the curiosity
for the beauty of the real object, the same experience after
the visit was re-contextualized and enhanced by the
experience of the real objects. It was regarded as a good
reference to keep the memory fresh and to go back to. This
suggests that the real display and the virtual display are
mutually supportive. Having the object-representation at
hand does not discourage people from going to the museum
to see the original and on the other hand neither does the
application become obsolete after having seen the original
objects, nor do the original objects loose their power as an
original and real object.

VI.  Conclusion
Our experience with the project “Embodied Virtual Objects”
indicates that the proposed type of application can make a
valuable contribution to the museum visit and is valuable in
the preparation phase of the visit, during the visit and
afterwards. It allows the users to become explorers at their
own discretion and thus constitutes an empowerment of the
museum visitor making him an active interpreter. At the
same time it does not discredit or devalue the curatorial voice
of the museum exhibition or the power of the presence of the
real objects. The proposed application opens up a realm for

personal discovery in the sense that visual inspection at a
distance as it is classically happening in a museum is
different and in some respects less strong than the feeling of
“being given the object in hand”. This results in increased
accessibility of the museum collection without any drawback
in terms of object preservation.

Mobile devices and broadband internet connection have
become very well established and broadly available as Henry
and Sankaranarayanan found [20]. This means that users can
access the content of applications build according to our
model from virtually anywhere. This aspect makes it possible
for such an application to extend the reach of the museum
well beyond the walls of the actual museum building and
reach more potential visitors as well as it allows visitors to
stay connected to the experience they had in the museum and
access it again in many different situations such as at home
or in other moment of leisure.

Our study also indicated that after a certain amount of
initial investment into software and hardware
infrastructure (e.g. for digitizing and image preparation) this
type of experience can be generated in a rather flexible way.
Given the production time for capturing and the creation of a
surrounding space to contextualize the objects as well as the
scientific curating and proofing of the content will make the
creation of a project like “Embodied Virtual Objects” only
feasible for select objects and exhibitions that have a longer
display time so that the investment can be justified. It is
clear, though,that the real benefit of this approach is only
fully realized, when multiple parts of the holdings are treated
in the described way and made available to the audience.
Otherwise the options for individual customization are too
limited to invite the users to engage into this explorative
activity.

Other drawbacks of the proposed application are clearly in
the small screen real estate of the device that was used (480 x
320 pixels) as well as the limited processing power and
memory capacity of the device. By scaling the images to a
size that is comfortably manageable by the device we loose a
considerable amount of detail of the high-resolution images
that were initially produced. While the limited storage
capacity of the device and the ease for flexible updating of
the experience would make it desirable to provide the
content through a wireless network connection, the limited
bandwidth of the device makes it necessary to store a certain
amount of the content locally on the device in order to ensure
smooth and fast interaction. It seems highly probable that
these technical drawbacks will be resolved with future
generations of the devices. The newest existing generations
already have a significant increase in processing power as
well as storage than the devices used in our study. Faster
network connections are likely to be available soon.
Upcoming generations also promise larger screen sizes,
which will open the room for more detail as well as
potentially more immersive presentations suing stereoscopic
displays.

The study we conducted in the scope of the “Embodied
Virtual Objects” project operated with a small exhibition
with only seven objects and a limited test audience. While it
waits to be seen how such an application will perform in a
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larger setting the feedback we were able to gather so far
indicates that the interaction with the embodied virtual
objects is pleasurable and intuitive and constitutes a new
asset in the museum communication. In a larger study in the
future we will be able to gather more substantial user
feedback. Equally we are aiming to solidify our approach
and study new generations of devices and more immersive
display technologies. We anticipate that future handheld
devices will deliver improved screen quality and potentially
even three dimensional display possibilities. First
attachments are already on the market [21]. Another aspect
to study in a future setup will be the use of a 3D scanner that
will allow us to digitize the objects as three-dimensional
objects that can be textured with our high-quality photos
arrays. This approach could combine the quality and relative
ease of use of photography and the benefit of 3d- models.

Further studies will also have to assess a growing number
of thematic areas realized in the way as the described one in
order to build towards a real customizable experience.

The aim of this study is to verify whether the creation of
this kind of resource provides the expected benefit, whether
it is technically and economically feasible, and to assess the
resonance of a test audience.
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