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Ale, on the other hand, just preferred to work on
his drawings. Therefore, we asked him to create the
soundtrack of the drawings he especially made for
the museums, as the covers he designed for the
museum guides in AAC.

As the final step of the project, we wanted to test
the inverse process, creating a virtual itinerary for
one of the museums that the Talents have not visited
yet, the Enrico Bernardi Museums of Machines. The
Bernardi Museum presents the work of Enrico Ber-
nardi, professor at the University of Padua and cre-
ator of pioneering engine machines, such as the first
car produced in Italy and still working. It is a small
museum, consisting of one room exposing Bernardi’s
inventions and his archive.

Therefore, we chose to create a playgame with an
analogical part, a crossword puzzle whose solutions
were words related to Enrico Bernardi and his work,
and a digital one, presenting different questions and
suggesting the answers through adding sounds and
voice recording to pictures taken from the collection
and the archive.

After a quick introduction to the museum'’s history,
we invited the Talents to join the game on their own
devices, where they have already installed the L2P
app. Therefore, each of them was able to explore the
virtual itinerary on his own, while searching for the
answers to the crosswords.

Fig. 3 Testing the playgame at the Museum Bernardi, ph. by E.
Santi

Ludovico, the writer of the group, found this game
too easy and enjoyed more the guided tour that fol-
lowed. The others, instead, were engaged and stayed
in the game without any distractions. They espe-
cially liked listening to the sounds of engines and
machines, that helped them to recognise them com-
paring with known soundscapes. After completing
the crosswords, the museum curator let the Talents
explore the museum and the real items, where they
recognised the ones mentioned in the game. We
observed that they were really engaged in the visit
and asked many questions about the functioning of
engines and different machines.

Conclusion

In conclusion, we explored the use of the L2P sys-
tem both as a tool for creating an interactive and
engaging pre-visit experience and as a tool for the
post-visit recalling and elaboration. According to our
experience, while working with people with ASD,
the L2P system was more effective when used as an
interactive platform to explore itineraries already
studied and prepared by the museum staff, than as a
creative tool where the users can play with the con-
tents themselves.

As a further development of this project, we are cur-
rently working on creating different itineraries among
the collections, as a way to explore and get to know
our museums through a multimodal and multisensory
experience.
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Abstract

The paper examines how museums can ensure sustainable preservation of born-digital heritage by
working in partnership with communities. It focuses on the co-operation of the Finnish Postal Muse-
um and Tampere Historical Museums called Logi, which hold national responsibility for safeguarding
communications, post, games, and digital culture in Finland. The paper outlines a holistic approach
that views digital heritage not only as data and artefacts but also as lived culture, shaped by creativity,
practices, and interaction.

Case studies include collaborations with the Finnish demoscene, an online roleplaying group Peli-
porukka, and the digital archaeology association Kasettilamerit. These projects demonstrate how
tools such as digital ethnography enable museums to document practices, values, and expertise while
building trust and cooperation with communities. They also show that while hobbyists contribute sig-
nificantly to digital heritage preservation, institutional engagement is required to ensure continuity of
skills and resources.

The findings highlight that sustainable digital heritage work is not a one-time task but an ongoing pro-
cess. It requires openness, dialogue, and adaptability, alongside technical solutions. By engaging with
communities as equal partners, museums can preserve fragile forms of digital culture while fostering
new opportunities for participation, learning, and innovation.
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Fostering Museum-Community
Partnerships for Sustainable
Digital Heritage Preservation

The digital era has made museums face new
challenges' in caring for and providing access to
collections. The fragmentation of culture and
the ephemeral nature of digital heritage require
new approaches and skills not previously central
to heritage work. Meanwhile, resources for heri-
tage institutions remain limited.

In 2024 the Finnish Postal Museum and the
Tampere Historical Museums, including the
Finnish Museum of Games and the Media
Museum Rupriikki, were designated the status of
a museum nationally responsible for the heritage
of communications, post, games, and digital life
in Finland. This cooperation, named Logi, seeks
models for sustainable, long-term digital

heritage preservation and presentation.

To achieve this, Logi museums adopted a holistic
approach, treating digital heritage not only as
data and objects but also as lived culture expe-
rienced through participation and interaction.
By using digital ethnography? and focusing on
communities, they aim to collect and preserve
digital phenomena comprehensively. Working
with communities is a key factor in understand-
ing digital forms of culture and coming up with
solutions to technical as well as ontological and
epistemological challenges related to born-digi-
tal artefacts?.

Holistic approach to digital
heritage

Collecting and preserving born-digital material is
technically demanding and most museums lack es-
tablished practices for digital preservation. Complex
digital objects create unresolved challenges, and
most preservation practices rely on ad hoc solutions.
In Finland, systematic software preservation has
mainly been done with media art. The National Li-
brary preserves legal deposit copies of software but
has limited resources, and its approach differs from
museums. Logi museums, in contrast, emphasize not
only raw data and metadata but also the context of

their creation and use. This broadens the perspec-
tive from the digital as artefacts and data to digital as
lived experiences and produced meaning.*

From Logi museums’ point of view digital culture can

be understood as:

- Creating and maintaining cultural practices in
digital spaces

- Using digital tools

- Communicating through networks

- Producing files and software (e.g. artefacts)

- Employing physical devices to interact with
digital objects

Preserving software and born-digital media has value
in itself, but without understanding its use and mean-
ing, its significance is likely to be lost. As hardware
and software decay, documenting digital culture as
lived experience becomes essential for interpreting
the artefacts left behind. This is where a holistic and
community-centered approach becomes beneficial.

Community-driven heritage work

Logi museums place communities at the center of
digital heritage work. Drawing from digital ethnog-
raphy, they not only document but also collaborate
with digitally oriented groups. This reflective ap-
proach helps museums understand artefacts and
knowledge in context. While digital ethnography
does not provide broad generalizations, it reveals
deep insights into cultural phenomena and multitude
ways of knowing.

Mutual trust between museums and communities

is essential. Coequal dialogue allows museums and
communities to actively negotiate perspectives and
values. Museum workers, often outsiders to the com-
munities, must spend time building trust and let com-
munities define what they find meaningful in their
culture. Even conflicting aspirations can bring new
insights when handled constructively. Moreover, such
cooperation can build sustainable relationships, skills
and networks across communities.

The Finnish Demoscene

The demoscene, an international community creating
digital artworks that run on computers in real-time,
has been a longtime partner for the Logi initiative.
Emerging in the 1980s as a counterculture to com-

' The challenges related to the research and preservation of born-digital cultural heritage has been widely addressed. See e.g. Newman

2012 and Sivula & Suominen 2017.
2 See e.g. Pink et al., 2016 214 and Brewer 2000.

* For museums’ challenges towards born-digital artefacts, see Zuanni 2021; Nylund 2020
“ Digital heritage also has a physical element to it. See Nylund 2020; Nylund & Suvanto 2024.

5 Pink et al., 2016 2-14 and Brewer 2000.



OLLI NORDLING: FOSTERING MUSEUM

49

Otto, Kalle and Max are friends and demo hobbyists. The
documentary film follows their journey towards their first
demo competition. Screenshot from the film Hands Deep -
A Journey into Demoscene. Image: Finnish Postal Museum.

mercialized technology, demoscene was added to
Finland’s national inventory of living heritage in 2020
with support from the Finnish Museum of Games. In
the past few years, Logi museums have worked with
the demoscene in two projects specifically. Both
projects demonstrate how collaboration can help to
preserve and present technical expertise, cultural
values, and shared experiences. Moreover, it shows
how the results of this co-operation can become part
of the heritage itself.

New Faces of the Demoscene (2023) transferred
skills and values across generations, with enthu-
siasts teaching young people to create demos in
workshops that also produced a guidebook®. Pre-
serving the Demoscene (2024) digitized materials
and co-produced the documentary Hands Deep - A
Journey into the Demoscene’, which followed young
enthusiasts and documented the culture’s history
through authentic archival material and interviews
of long-time demo hobbyists. The interviews and
materials that did not end up in the final movie, were
deposited into the collections of the Finnish Muse-
um of Games.

The Hands Deep film, created together with mem-
bers from the demoscene, addressed creativity and
the communal and difficult aspects of the scene’s
past. The film intentionally challenges many of the
established narratives of the demo community and
explicitly covers difficult topics such as the exclusivi-
ty and toxic experiences in the hobby’s past. Making
such a documentary would never have been possible

without the trust and involvement of the demo hob-
byists in the project. After its release some members
of the demoscene commented that the documentary
itself has become part of the demo culture. The film
also received international recognition from the Eu-
ropean Museum Academy by winning the Heritage in
Motion competition’s main prize in 2025.2

GTA Online Roleplaying Server

Another case is the GTA V Online Roleplaying

Pori server (2017-2023), documented in 2021 with
the methods of digital ethnography. On the server
players from group Peliporukka roleplayed diverse
characters in a virtual version of the Finnish city Pori,
from the police and criminals to professional sports-
men and janitors. The Finnish Museum of Games
produced nearly 60 screenshots, interviews, and
even got a poetry collection written in-character by
one of the players into their collections.

k) HRSCE

— " . =R
Matti-Salonen doing ethnographic fieldwork as an in-game
reporter at the Virtual Pori server in GTA Online.

Image: Vapriikin kuva-arkisto, Matti Salonen.

For the purposes of the documentation a decision
was made to approach the community from the
in-game perspective. By engaging in-character as a
reporter, the ethnographer gained the trust of the
player community and documented the gameplay

as if it was happening in the actual real-world set-
ting. This approach showed how online roleplay can
be understood and lived as a cultural environment,
which produces meaning for the players. The method
also allowed the screenshots to be catalogued into
the collection management system as normal photo-
graphs, albeit with the notation of their origin. Thus,
the project illustrates how an ethnographic approach
can help to overcome technical and copyright barri-
ers in preserving digital heritage. As the source code

¢ Suvanto et.al. 2023.
7 Musturi 2025.
8 Forum Slovanskih Kultur 26.9.2025.
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for the game is not accessible to the museum and
the server has already been shut down, what remains
is a document of the gameplay experience and the
meaning associated with it.

Kasettilamerit - reviving digital
heritage

Kasettilamerit®, founded in 2011, is a digital archaeol-
ogy association archiving magnetic and optical me-
dia. It raises awareness of digital culture and ensures
data preservation for future generations. Having
working with Logi museums for years, Kasettilamerit
has revived old software and hardware for exhibi-
tions, even bypassing lost anti-piracy mechanisms to
run obsolete and abandoned games. One notable
example is the game The Little Knight Arthur for the
Commodore 64, which was unplayable due to its
copy-protection system. Thanks to the efforts of Ka-
settilamerit, it was possible to get a playable copy of
the game running.

While computer and retro gaming enthusiasts are
doing valuable work in rescuing and reviving soft-
ware, their activities are not comprehensive. Since
the work is driven by the personal interests of hob-
byists, it entails blind spots and issues of continuity.
As a result, software considered less interesting is
at risk of being left unpreserved. Other challenges
in hobbyist-driven software preservation include the
ageing of individuals interested in old software and
computers, as well as the concentration of expertise
and equipment in the hands of a small number of
actors. To prevent this from happening, the Logi mu-

Members of the Kasettilamerit group have just finished revi-
ving the Commodore 64 game The Little Knight Arthur to a
playable state. Image: Vapriikin kuva-arkisto.

seums, Kasettilamerit and several other associates
are planning on starting a Software Lab initiative that
aims to transfer the skills and technical know-how
from the hobbyists to the museums. The aim is to
foster and deepen the co-operation to further bene-
fit the preservation work of all parties involved.

Conclusions

Work with digital heritage highlights the importance
of treating communities as equal partners. The Logi
museums’ experience shows that while technical
challenges remain, sustainable solutions emerge from
trust, dialogue, and cooperation. By seeing digital
heritage as lived culture rather than only artefacts,
museums can capture not just objects but also prac-
tices, meanings, and values.

Projects with the demoscene, online roleplayers, and
hobbyist associations demonstrate the value of digi-
tal ethnography for safeguarding culture. They show
that trust and long-term collaboration make it possi-
ble to preserve both the technical aspects and the
cultural significance of digital heritage. At the same
time, challenges include continuity of expertise, limit-
ed resources, and dependence on volunteers. Muse-
ums must therefore find ways to take responsibility
for sustaining skills and infrastructure while maintain-
ing open, democratic relations with communities.

Ultimately, sustainable digital heritage work is ongo-
ing, requiring time, reflection, and adaptability. Rec-
ognizing digital culture as dynamic, fragile, and deep-
ly embedded in human interaction enables museums
not only to safeguard heritage but also to foster new
forms of cultural participation for the future.

° For more information, see Kasettilamerit 310.2025.
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Abstract

The preservation of born-digital heritage is one of the crucial challenges facing memory institutions
today. Standard web archiving, often reliant on automated crawlers, fails to capture the interactive and
technological context of complex websites, leading to a loss of collective digital memory. This paper
presents the experience of the Computer History Museum Slovenia (RaCunalniski muzej) with "deep
archiving," a method focused on reconstructing the authentic user experience of historically significant
online projects. Using the case study of a pioneering Slovenian online news portal Vest, we detail the
practical challenges encountered, from recovering video content lost by crawlers to addressing obso-
lete technologies like Adobe Flash. The process of treating a complex, reconstructed website as a mu-
seum object raises fundamental questions about documentation and labeling. Standard methods, such
as obtrusive banners, interfere with the object's integrity and user experience. We propose a new
microformat, museum.txt, a simple, non-invasive text file placed in the web server's root directory. This
file serves as a digital museum label, containing standardized, machine-readable metadata such as the
object's status, reference number, and a log of conservation interventions. This approach integrates
seamlessly with established museum procedures and offers a simple, extensible, and powerful solution
for documenting and preserving the authentic experience of the web for future generations.
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Conservation Efforts in an
Age of Digital Dementia

We are living in an era that could be characterized by
societal “digital dementia” (We're Losing Our Digital
History. Can the Internet Archive Save It?, 2024). In-
formation that feels ubiquitous and permanent is, in
reality, extraordinarily fragile. Heavily reliant on the
availability of online information in our daily lives, we
find it difficult to grasp the ephemeral nature of the
Internet. As Li Yuan notes in The New York Times
(Yuan, 2024), the economically, socially or politically
driven disappearance of websites and online content
leads to a loss of ,parts of our collective memory*.
The notion that the internet is permanent is a falla-
cy. Link rot and content drift are well-documented
phenomena, with studies showing that a significant
percentage of URLs cited even in academic and
scientific literature cease to be accessible over time
(Klein et al., 2014).

The problem extends beyond simple content loss.
Since the early 2000s, much public discourse has
migrated from open forums to closed (Lepore, 2025;
Soul Writer, 2024), private platforms, rendering
vast swathes of digital culture nearly impossible to
research and exhibit. This disappearing web neces-
sitates a systematic effort to identify websites of
,special significance" that merit a more thorough
approach to preservation than what is offered by
standard web crawler snapshots. We call this com-
prehensive method “deep archiving”.

The Limits of Standard Archiving:
A Case Study

For two decades, the National and University Library
of Slovenia has used crawler-based technology,
similar to the Internet Archive's Wayback Machine,
to archive a significant portion of the nations’ web
presence (Spletni Arhiv NUK, n.d.). This provides a
solid overview of how our corner of the World Wide
Web once looked. However, in 2017, we identified

a critical gap in this strategy that leads not only to
the loss of time-specific interactive features but, in
certain cases, to the complete loss of core informa-
tion. Standard crawlers are adept at capturing static
HTML and images, but they struggle with dynamic,
database-driven content, interactive elements, and
media embedded via platforms or obsolete plugins
(Brugger et al.,, 2018).

This realization prompted the Computer History Mu-
seum Slovenia (Computer History Museum Slovenia,
2024) to actively seek out abandoned websites of
special cultural importance, contacting their original
owners and administrators to acquire complete serv-

er setups or disk images that would allow for a prop-
er reconstruction.

Deep Archive Example:
www.vest.si

One such site of special importance was vest.si, the
first independent online media portal in Slovenia

(Ku i, 20m). It emerged as a ,citizen journalism* plat-
form in response to political pressure on mainstream
media outlets and quickly became one of the coun-
try‘s most respected news sources. It was particu-
larly influential during the financial crisis, uncovering
several corruption scandals and becoming a primary
source of information for the public and politicians
alike. Technologically, it was cutting-edge for its time,
with an almost exclusively video-based format using
YouTube for hosting.

However, the Wayback Machine snapshots of vest.si
are incomplete (Vest.Si on Wayback Machine, 2007).
As the archived captures show, the embedded video
content, the very core of the site's journalism, was
not saved. Because automated transcription tech-
nology was not readily available at the time, no text
substitutes for the video content exist within the
archive. Consequently, all the interviews and field
reports that defined the news site were omitted
from the national web archive, leaving behind a func-
tionally empty shell.

The Reconstruction Process

When the Computer History Museum took on the
challenge of deep archiving vest.si, the initial mate-
rials saved by the site's producer consisted only of
hard drives with raw field footage and a box of news-
paper clippings.

The core digital components had to be sourced from
the original technical team.

The reconstruction was a complex undertaking. We
acquired the PHP code and database dumps for

the ten websites that formed the vest.si ecosys-
tem, along with project blogs and a mailing list. The
sysadmin had also preserved an online TV series
and a documentary film produced by the platform.
Although the video content on YouTube and Vimeo
was still accessible, it had been embedded on the
site using Adobe Flash, a technology that has been
discontinued and is no longer supported by modern
browsers (Adobe, 2017). This necessitated significant
code interventions: we scraped all video content,
patched the codebase to use modern embedding
standards, and built a custom navigation page. Fur-
thermore, the original domain name had been lost to
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squatters and had to be reacquired to ensure a fully
authentic restoration.

After a lengthy process, we preserved the complete
original assets and successfully restored the site to
a state of ,digital continuity of use” (UK National Ar-
chive, 2017). This process highlights that web crawler
snapshots are akin to photo-documentation of a live
performance. Such documentation is of course valu-
able, but gravely insufficient. For future researchers,
it is imperative that we preserve the code, the data,
and the user experience in order to represent the
object authentically.

Key Questions for Deep-Archived
Digital Objects

Working with complex born-digital objects forced
us to confront several fundamental museological
questions. (1) How do we define such an acquisition
as a museum object? s it the hard disk, a ZIP file, a
disk image, or a cloud instance? We concluded that
the museum object is the actual reconstruction, a
functional live webpage, with references to all the
fragments, ingredients, and processes required to
rebuild the experience. (2) How do we exhibit this
object correctly? The goal must be to present the
object in its native environment - that is, back online.
Exhibiting it on a dedicated offline machine presents
an inherently online experience as a piece of hard-
ware, a physical object, not as a web-native, interac-
tive but untouchable “object”, thereby stripping it of
its essential context. (3) When exhibiting the object
online, how do we label it properly? In a physical
exhibition, a label provides basic information and
contextualization. In an online reconstruction, it is
difficult for a user to distinguish between original
fragments and the curatorial interventions of the
reconstruction process. This lack of standardized
practice for labeling born-digital objects presents a
significant presentational challenge.

A Proposed Solution:
The museum.txt Microformat

A museum label is fundamentally metadata that
connects a physical object to its catalog entry and
associated documentation. This metadata should
be readily available but not interfere with the ex-
perience of the object itself. Current web archiving
practices often fail this principle. The Internet
Archive's Wayback Machine, for instance, adds a
prominent banner above the archived page. While
functional, this approach is designed to be obtrusive,
fundamentally altering the user experience and of-
fering information that is neither standardized nor

machine-readable. For deep-archived objects, this
method is insufficient as it fails to connect the object
back to museum procedures and documentation.

In search of a more structured and unobtrusive
approach, we examined existing web metadata
standards. Three techniques are prevalent: HTML
<meta> tags, root-level text files and HTML-attached
microformats. HTML <meta> tags are used by search
engines to improve discoverability. These tags are
embedded directly into the object's HTML code.
This is an invasive procedure that alters the original
object. Root-level text files include standards like
robots.txt (Koster, 1994), ads.txt, and sitemap.xml and
use simple text files in a site's root directory to pro-
vide instructions or data to automated systems. HT-
ML-attached microformats are formats like h-card,
which use class-name prefixes to attach structured
data to individual HTML elements. This approach is
designed to augment parts of an object, not describe
the object as a whole.

We argue that the use of existing metadata standards
brings with it more predictability and benefits at the
implementation level, than attempting to construct
new standards to implement in the museum context.
Of all the listed existing approaches, for labeling an
entire online exhibit, the root-level text file approach
presents itself as the most suitable, as it is non-inva-
sive and applies to the object holistically, while the
other two options do not satisfy both criteria.

Museum.txt

Based on this analysis, we propose the use of mu-
seum.txt. After restoring a website, we place this
simple text file in its root directory. The file contains
standardized fields with basic information about the
object:

- Object-Status: The current state
(e.g., active, archived, under conservation).

- Reference-Number: The museum'’s official catalog or
inventory number.

- Log-of-Interventions: A public record of all changes
made during the conservation and reconstruction
process, such as patching code for obsolete
technologies.

This method supports all museum procedures (doc-
umentation, conservation, and inventory) without
interfering with the user experience. The file is
independent of the object's code and can even be
generated dynamically from a museum’s collection
management system. The log of interventions serves
a purpose analogous to the use of colored plaster to
indicate repairs on a physical sculpture, introducing
transparency into the restoration interventions and
curator’s work.
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The benefits of the museum.txt approach are numer-
ous. (1) The simplicity of the museum.txt microformat
requires only an agreement on basic fields, which
can be based on established museum standards.

(2) The extensibility of the museum.txt microformat
allows institutions to add custom fields for their
specific needs. (3) It follows the conventions of ex-
isting online standards, making it a familiar tool and
reducing the need for education. (4) The museum.
txt microformat is fully machine-readable and easily
parsed by crawlers and other automated tools. (5)
But at the same time, the museum.txt microformat

is also human-readable, making it accessible to mu-
seum professionals and the general public alike. (¢)
Lastly, the ease of deployment of such a format is
very beneficial. It can be handled by any web server
without custom configuration.

Conclusion

The museum.txt microformat has proven to be a
useful and effective solution, enabling the Computer
History Museum Slovenia (Raunalniski muzej) to ex-
pand our collection with online-native objects with-
out compromising the integrity of our core curatorial
procedures. To truly preserve our digital heritage,
we must be able to exhibit websites in their original,
interactive environment, rather than reducing them
to offline artifacts and stripping them of the essential
context.

We believe this approach has the potential to ben-
efit a global ecosystem of digital preservation. If
other institutions adopt a similar standard, we can
collectively ensure that the authentic experience of
the internet's past is saved for future generations.
This is more critical than we might imagine. Younger
generations, such as the students visiting our muse-
um, already find the user interactions of the 1990s
and 2000s, such as the reliance on keyboards or the
concept of a ,click, as foreign as punch cards are to
us. By preserving these interactive web experiences
with clear and accessible documentation, we provide
the context necessary for them to be understood
long after their technologies have faded.
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Abstract

The Vienna Museum of Science and Technology (TMW) is one of Europe's largest and oldest muse-
ums. TMW's previous collection activities focused exclusively on physical heritage. In 2021, a new re-
search and collection focus was established as part of the museum's research institute: the Software
Archive and Collection (SAC). With it, a new adventure could begin, as the specific characteristics of
software heritage call for complex and innovative solutions in the museological field.

This paper presents insights into developing the SAC, which aims to preserve and communicate
Austria’s born-digital and software heritage and its associated hardware. These insights are supported
by two interdisciplinary research projects (2022-2024) that developed and tested new methods for
collecting, preserving, and exhibiting software through selected case studies.

Central themes include the development of an internationally coordinated collection strategy, the

establishment of specialized infrastructures for software archiving and media archaeology, and the
advancement of participatory collection practices through community involvement.
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software heritage, digital preservation, challenges, participatory collecting, science and technology
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Opening the Black Box:
Where We Began

In 2021, the Vienna Museum of Science and Technol-
ogy (TMW) established the first Software Archive
and Collection (SAC) positioned within the Muse-
um'’s Research Institute. The SAC has two roles: it

is both a collection department and a research unit
focused on developing new methods for long-term
preservation and exhibition (Technisches Museum

Wien, n.d.-f; Technisches Museum Wien, n.d.-e).

This strategic investment made TMW the first Aus-
trian federal museum to dedicate a department to
collecting, preserving, and communicating Austrian
software heritage and its associated hardware. This
mission began by taking a close look at the museum'’s
vast collection of historic hardware to understand
what was already there.

Because TMW's collection activities focused exclu-
sively on physical heritage, the majority of its objects
were treated as ,black boxes.” Their functional state
or digital contents were not documented in the mu-
seum'’s database. As a result, TMW unintentionally
accumulated a hidden collection of born-digital and
software-related objects in its depot.

The museum launched its first major digital preserva-
tion actions in 2022 with a systematic evaluation of
these existing physical objects. This effort identified
approximately 200,000 software-relevant datasets
in the database, including about 600 instances of
software stored on historic media or embedded in
hardware.

The existing collection mainly consists of mass-pro-
duced consumer-based technologies from the daily
lives of Austrian people, but it also preserves unique
inventions, art, personal estates, and prototypes.
Following the initial analysis, they were grouped into
two categories: industrial and unique museum ob-
jects which served as our representative case stud-
ies (Maltar & Schilling, 2023).

The Challenges We Encountered

The hidden software collection revealed a range of
challenges that can be summarized in three main
categories:

Technical Challenges: Much of the born-digital and
software heritage was stored on outdated storage
media such as punch cards, optical discs, floppy
disks, magnetic tapes, cartridges, removable drives,
and hard drives, or embedded in original hardware.

These storage devices are fragile and deteriorate
over time. If the content is not transferred, it may be
lost forever. Safely recovering and preserving soft-
ware requires specialized infrastructure, tools, and
methods.

Functional Challenges: Software can only be fully
understood and experienced when it runs on the
hardware it was originally intended for. Much of this
hardware at TMW consists of commercial propri-
etary products where the manufacturers no longer
exist, spare parts are difficult to find, and the know-
how to operate or repair the systems is disappearing.
This makes preservation both urgent and complex.

Legal Challenges: Even when preservation is tech-
nically possible, unresolved copyright, licensing, and
intellectual property restrictions limit how TMW can
offer it for public and academic access (Technisches
Museum Wien, 2023b).

Addressing the challenges of the hidden software
collection required practical intervention and ex-
ternal expertise. They formed the foundation for
two interdisciplinary research projects carried out
between 2022 and 2024: The Codebreakers and The
softwareLAB (Technisches Museum Wien, n.d.-a;

Technisches Museum Wien, n.d.-d).

Insights from The Codebreakers
Project (2023)

The Codebreakers: Digital Infrastructures in Every-
day Lives focused on researching new strategies for
industrial objects from the museum collection. The
case study used was a representative reliable tech-
nology: the Diebold Opteva 562 ATM1 (TMW Inv.-Nr.
100643) and the people who use and trust them
(Technisches Museum Wien, n.d.-b).

The main question we asked was: In times of fast
digital transformation, how should science and
technology museums collect, what, and for whom to
ensure digital technologies remain understandable,
researchable, and authentically communicated in the
future?

Guided by the Vienna Manifesto for Digital Human-
ism, users of different generations were placed at
the center of the research. We conducted qualitative
interviews to understand how they use these tech-
nologies, why they trust them, and which functional
parts are most important for the museum to pre-
serve, thereby involving them in the decision-making
process (Digital Humanism, 2019).

' Colloquially called “Bankomat” in German.
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Unser Workshop #Panzerknacker knackt
den Code digitaler Technologien! 1
Von einem Bankomaten aus unserer
Sammlung ausgehend, haben wir bei
den #DIDAYS23 den Umgang mit
digitalen Infrastrukturen erkundet und
hinterfragt.

Nicht nur in Workshops, sondern im
gesamtem Programm der Digital Days
wird sich digitalen Fragen gewidmet:
Was ist Digitaler Humanismus und wie
lasst er sich umsetzen? Welchen
digitalen Technologien vertrauen wir
und warum? Was sind die aktuellen
digitalen News?
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50 likes

Screenshot of a social media post from Technisches Museum
Wien [@technischesmuseumwien], (2023b).

The participatory nature of this project ensured that
multiple perspectives were included. User input,
along with interviews from software and hardware
manufacturers, producers, and maintainers, was ex-
plored in two transdisciplinary think tanks focused
on Technology and Rights and Content and Context.
These think tanks brought together a broad range of
experts, including researchers in the social sciences
and digital humanities, artistic research, media theo-
ry, museology, legal experts, and digital conservators.
Together, we developed a strategic roadmap for
long-term access and exhibition of functional objects
at TMW.

The project produced several other crucial results
that directly influenced the SAC's collection
practices:

A successful collaboration with the Austrian soft-
ware company SBS2 allowed us to collect the first
functional demo ATM with a modified installation
of their software. This was exhibited in the CASH
exhibition in April 2024 as a fully operational
museological object.

A strategic roadmap was developed, conceived as a
living document, for systematically collecting, docu-
menting, and preserving both the physical and func-
tional identities of software-based objects at TMW.

A new transdisciplinary methods package that en-
ables TMW to capture contemporary user experi-
ences as well as technical knowledge about outdated

November 21, 2023

Log in to like or comment.

software and hardware systems (Technisches Muse-
um Wien, 2024b).

The softwareLAB:
Playful Collecting (2022-2024)

Funded by the Vienna Business Agency, the project
was fundamentally community-driven. It involved
local video game artists, modders, and indie devel-
opers often overlooked by federal museums. TMW
intentionally relinquished its traditional interpretive
authority, making the local gamer community es-
sential actors in institutional knowledge production
(Technisches Museum Wien, 2024a).

A main result was the development of the first soft-
wareLAB for media archaeology in 2023, which initi-
ated the software collection and exhibition process
at TMW. The lab features three central workstations
for: extracting and long-term archiving of software
from obsolete media; software emulation using
Emulation as a Service (EaaS); and performance
documentation on historic systems. Using the soft-
wareLAB, TMW began systematically extracting, mi-
grating, and permanently storing contents from the
museum’s existing collection, accumulating around
200 supporting software that today serve as a toolkit
as part of the Software Archive (Maltar & Schilling,
2023).

2 Colloquially called “Salzburger Banken Software” in German.
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Objects from the Technisches Museum Wien, curated as part
of the softwareLAB project.

Focusing on Austrian experimental computer-based
art from the 1980s to the early 2000s, the lab's
technical capabilities were applied to case studies.
This included migrating and virtually rebuilding the
1980s experimental artwork from the Wladimir Nar-
butt-Lieven estate (TMW Inv-Nr. 77315/1) using EaaS.
This set the standard for expanding the collection
with new objects (Technisches Museum Wien, n.d.-c).

Through participatory collecting, a unique collection
of about 30 Austrian video games and pioneering
art was created. This includes early internet video
games by Margarete Jahrmann and Max Moswiz-

er (Mamax), and prototypes from influential indie

v @ Golden Frisbee x  + = o X

¢« > ¢

25 eaas.demo.tmw.at/golden-frisbee.html hid

Start Emulator

Run the emulator close to your location:

Screenshot of the Eaa$ platform provided by the TMW.

ASANQA _Zsd

studios (Neo Software, JoWooD, Max Design). This
initiative was made possible with the support of
SUBOTRON, Margarete Jahrmann, Rhizome, aBIT-
preservation, and Open SLX. With their support, we
succeeded in making Mamax's experimental artworks
Golden Frisbee and Tod dem Fernsehen playable
again at TMW for the first time since 1994.

What do we collect and how?

The development of the collection and preservation
strategy for the SAC began in 2022 with an inter-
nationally coordinated environmental analysis. This
analysis was later expanded and refined using the
results of the two research projects. From this pro-
cess, an initial framework of action emerged to guide
the SAC's work (Museumsbund Osterreich, 2023a).

+ The SAC collects software connected to hardware
already held in the TMW collection, focusing on both
industrial objects and unique objects.

- It also includes born-digital objects which are gen-
uinely digital material (UNESCO, 2003). Following
Rhizome's principle of “treating everything as soft-
ware,” TMW applies this approach to all born-digital
objects, regardless of type (Rhizome, 2021).

As an Austrian federal museum, TMW concentrates
on software heritage developed and/or used in
Austria. Whenever legally possible (considering data
protection and licensing), the developer, maintainer
and user experience is also collected to provide
context, history and specialised technical knowledge.
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Technologically, the SAC aims to be experimental, in-
novative, and interactive in its design. Growth in both
the collection and the knowledge base is envisioned
as participatory, achieved through the involvement
of underrepresented local communities.

SAC collects from the perspective of digital pres-
ervation, planning preservation measures from the
outset. The strategy therefore depends fundamen-
tally on technical and legal feasibility, and it is contin-
ually updated as knowledge advances through both
in-house and international research.

Unlike physical objects, software can only be pre-
served and made understandable through its de-
pendencies: applications, operating systems, drivers,
data libraries, and hardware. These must also be
collected and preserved. Obsolescence is inevitable:
the question is not if but when. Whenever possible,
both compiled and uncompiled source code are
collected, serving as a “blueprint” of the preserved
objects.

For technical systems already considered lost, al-

ternative implementations must be explored. For

longevity and risk prevention, TMW is applying open-

source frameworks and preservation methods on

selected case studies:

1. Migration into stable, and standardised archival
formats.

2. Emulation and virtualisation of obsolete
technologies.

3. Performance documentation of historic hardware.

4. Oral history interviews to capture contextual
and technical information.

The SAC maintains a clear and interdependent
distinction between the Software Archive and the
Software Collection, which serve fundamentally dif-
ferent purposes. The Software Archive is an internal,
uncurated toolkit for technical preservation and
emulation. The Software Collection is the curated,
rights-cleared, public-facing layer designed for exhi-
bition, study, and dissemination (Technisches Muse-
um Wien, 2023c).

Conclusions and Outlook

The establishment of the SAC marks an important
step towards a lasting department dedicated to soft-
ware heritage in an Austrian federal museum. Our
research confirmed the value of using interdisciplin-
ary and participatory methods to tackle the complex
challenges of conserving functional digital heritage.
The results of these initiatives, combined with ongo-

ing environmental analysis, ensure that our collection
and preservation strategy remains a living framework
that can adapt in times of rapid digital changes.
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Abstract

Digital transformation helps define how cultural institutions protect their heritage, engage the com-
munity, and strengthen their place within the tourism industry. This paper surveys the Moroccan ex-
perience with museum digitalization. Special attention is given to the Mohammed VI Museum for the
Civilization of Water in Marrakech. The institutional digitalization frameworks, the implementation
strategies, and the reception of visitors lay emphasis on the role of digital tools in increasing promi-
nence, ease of access, and educational impact. Results show that the modernization of Moroccan mu-

seums digitalizes their image, expands audience reach, and enables cultural exchange to cross borders.

This paper also addresses the balance between digitalization and the challenges of financial self-sus-
tainability, technological obsolescence, and the digital divide. It positions the digitalization of Moroc-
can museums as a means to enhance cultural tourism, with a primary focus on the need for inclusivity,
strategic long-term governance, and the introduction of emerging technologies like Al and immersive
media.
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Introduction

The increasing popularity of digital technologies in
the cultural and tourism industry has become one of
the trends which has become characteristic of the
last decades. Digital innovation, which is changing
patterns of communication and interaction, is trans-
forming the patterns of how heritage is preserved,
presented and promoted. No longer seen as passive
conservation spaces, museums are in the process of
reinventing themselves as dynamic environments in
which digital technologies are becoming the key ele-
ments of enhancing the visitor experience and mak-
ing the museum attractive as a tourist destination
(Asif & Fazel, 2024).

On one hand, the technological advancement has
contributed to the acceleration of digitalization on

a global scale, and on the other hand, the external
shocks have also led to the same effect. Virtual exhi-
bitions and immersive online storytelling have found
a home in flagship museums in Europe, including the
Louvre or the British Museum, and are now demon-
strating a new standard of cultural institutions across
the globe. Japan and South Korea have led the way
in the introduction of robotics and interactive holo-
grams in the museums, transforming the definition
of the experience of heritage. It was further trig-
gered by the COVID-19 pandemic that revealed the
weakness of museums which had only depended on
in-person access, and principles that led to the need
for hybrid and digital options to continue cultural
engagement (Pioli, 2024a)>.

This dynamic is incorporated in a larger process of
digital transformation in Morocco not only in public
but also cultural institutions. Digital technologies
have been slowly adopted in the country as a tool
toward modernization and openness, especially in
the form of programs like Maroc Digital 2020 and
the actions of the Fondation Nationale des Musiques
(FNM). The political intent can be viewed in this ori-
entation: to use technology to democratize access to
culture, increase the global presence of the Moroc-
can museums and keep up with the trends of cultural
innovation around the globe.

In this context, one of the key research questions
is the following: how much the digitalization of
Moroccan museums, and the one discussed in the
study in particular, the Mohammed VI Museum of
the Civilization of Water in Marrakech, will con-

tribute to the dynamization of tourism? In other
words, in what ways does the implementation of
digital tools not only enhance cultural experiences
but also make Morocco an innovative destination
in the competitive cultural tourism market in the
whole world?

The Digitalization of Museums in
Morocco: A Process in Motion

General Context and Institutional Impetus

The digitalization of the Moroccan museums cannot
be discussed out of context of the wider cultural
policies and national strategies, which are intended
to modernize the cultural landscape of the country.
Such programs as Maroc Digital 2020 have provid-
ed a framework of the integration of information
technologies into the public services, education and
culture. The Fondation Nationale des Musées (FNM)
established in 2011 has been at the center stage,
with the aim of harmonizing the management of the
museums and establishing the right priorities in mod-
ernization. Its mission will also involve the improve-
ment of infrastructure, augmenting the international
presence, and implementing new technologies to
improve cultural mediation.

The Ministry of Culture has been proactive in fa-
cilitating this process, offering digital initiatives re-
sources and promoting their cooperation with the
private-sector actors, such as the Moroccan startups
and foreign technology companies. Collaborations
with bodies like UNESCO, the International Council
of Museums (ICOM) and foreign cultural institutions
have also contributed expertise and funding to en-
able Morocco to make its museums meet interna-
tional standards. This institutional drive shows there
is a strategic effort to make culture a national identi-
ty and economic driver (Pioli, 2024b).

Forms of Digitalization Applied to Museums
Digitalization of Moroccan museums has been done
in various ways, encompassing international best
practices and national versions. Virtual tours enable
the international audience to manoeuvre through
collections remotely, transcending geographical
boundaries to be seen internationally. QR codes at-
tributed to multimedia databases provide multi-level
interpretations of artifacts and multilingual digital
audioguides provide an inclusive access to foreign
visitors. More developed work on augmented reality
and projection mapping has developed immersive

' Asif, M., & Fazel, H. (2024). Digital technology in tourism : A bibliometric analysis of transformative trends and emerging research

patterns. Journal of Hospitality and Tourism Insights, 7(3), 1615-1635.

2 Pioli, M. (2024a). Museums of the future : Digitalisation as a new form of communication.
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Fig. 1. Exterior view of the Mohammed VI Museum for the
Civilization of Water.

recreations of historical spaces, which makes heri-
tage more appealing.

Another large-scale initiative that is important is the
growth of museums into the online realm via web
platforms and the use of social media. Facebook,
Instagram, and YouTube are used in Moroccan muse-
ums to not only popularize the exhibitions but also
broadcast live events, hold webinars, and reach the
diaspora. The practices are a shift towards museums
from networks of isolated memory to cultural institu-
tions that become part of the global digital ecosys-
tem (Marini & Agostino, 2022)3.

Objectives of Digitalization

Digitalization has three objectives. Firstly, there is
accessibility: digital tools make culture more demo-
cratic: they focus on rural communities, audiences
in schools, diasporic communities, and people with
mobility limitations (Brischetto et al., 2023)*. Second,
the digitalization makes it more attractive, making
museums look like a modern and interactive insti-
tution that could attract the younger generations
and satisfy the demands of foreign tourists. Third,
digitalization helps preserve the heritage that could
be easily damaged, as fragile collections are stored
digitally and can be researched even in case of the
physical damage.

Simultaneously, digitalization assists in modernizing
the cultural image of Morocco and portrays an image
that does not contradict the tradition, but rather

blends it with innovative possibilities. Such duality
enhances the mission of museums as cultural insti-
tutions as well as the organization that markets the
image of Morocco as a tourist destination in the in-
ternational tourism economy.

Case Study: The Mohammed VI
Museum for the Civilization of
Water in Marrakech

Presentation of the Museum

The Mohammed VI Museum of the Civilization of
Water, which is situated in Marrakech, is placed in

a unique niche of the cultural and tourist activities

in Morocco (Selkani, 2023). It was developed with
the idea to underline the hydraulic legacy of the
country, which focuses on the symbolic and scientific
significance of water. The museum exhibits follow the
history of traditional irrigation systems like khettaras,
how water has been used in agricultural develop-
ment, and in the rituals and cultural practices.

The work of the museum is not limited to conser-
vation: it aims at educating the population about
sustainability and resource management, establishing
the connections between the traditional knowledge
and the modern problems of climate change. Its
thematic approach to water a universal and a crucial
component also makes it especially attractive to
foreigners, making it a distinctive cultural product in
Marrakech, which has already established itself as a
tourist destination with vibrant dynamics.

3 Marini, C., & Agostino, D. (2022). Humanized museums ? How digital technologies become relational tools. Museum Management and

Curatorship, 37(6), 598-615.

“Brischetto, A., lacono, E., & Becchimanzi, C. (2023). Digital technologies in museums : Critical issues and opportunities for equal

access to cultural heritage. AHFE INTERNATIONAL, 32-41.

5> Selkani, I. (2023). Aspectos educacionales en el Museo del Agua, Marruecos.
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Fig. 2. Interactive scenography inside the Mohammed VI
Museum.

The Museum’s Digitalization Strategy

Since its creation, the museum has incorporated
digitalization as one of the major aspects of its strat-
egy. Visitors can easily access complicated technical
material using interactive kiosks and touch screens.
Immersive audiovisual rooms are panoramic and
integrate sound and image together to recreate Mo-
roccan landscapes influenced by water. Introducing
virtual tours means that a remote audience can ac-
cess collections and the museum collaborating with
universities and foreign technology companies has
been able to experiment with projection mapping
and multimedia scenography (Fulop, 2020a)°.

Through these innovations, the museum shows that
it is not just determined to ensure that the hydraulic
heritage is preserved, but also reinterpreted to suit
the digital world. These decisions can be interpreted
as a selective stance: to be an upholder of tradition
and also a test-tube of cultural experiments.

Reception and Visitor Experience

The reception of these digital initiatives by the
visitors has been very positive. From 2017 to 2020,
attendance records indicate that there is a consis-
tent rise in attendance, as interactive devices are
implemented. The originality of the scenography, the
availability of content, and the emotional impression
of immersive installations are the characteristics
mentioned in online reviews on websites like TripAd-
visor. The visitors point out that the museum is not

merely a knowledge base because it is a place of
experience, the learning is supplemented by feeling
and sensation.

These reactions indicate that the digitalization has
changed the identity of the museum: it turned into
a museum with specialized content about the his-

tory of hydraulics to one of the large touristic sites
in Marrakech. This rebranding illustrates the way in
which the digital technologies may expand the role
of the museums both culturally and economically.

The Impact of Digitalization on
Touristic Attractiveness

Strengthening the Museum’s Modern and
Innovative Image

Digital transformation has also helped the museum
to gain a lot of reputation as a modern and innova-
tive institution. Its combination of immersive technol-
ogies, online platforms, and interacting devices has
made it build a stronger national image as well as the
international presence (Fulop, 2020b). Within a com-
petitive tourism marketplace across the world, with
cultural destinations competing to capture a share of
interest, such a positioning helps Morocco to empha-
size its capacity to combine tradition with innovation.
The Water Civilization Museum is, therefore, a lesson
on how heritage re-invented in digital form can both
become a cultural resource, and an economic boon.

¢ Fulop, Z. O. (2020a). « Liquid Heritage » of Museum Mohammed VI for the Water Civilization in Marrakech. Hungarian J. Afr. Stud., 14,

75.
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Expansion of Audiences

The audience of the museum has also been expand-
ed with the digitalization. Interactive and gamified
learning spaces attract younger generations whereas
multilingual guides and immersive scenography are
the features preferred by the international tourists.
School visits are becoming more and more part of
school programs, augmenting the educational goal
of the museum. Additionally, virtual tours and online
support allow to reach the Moroccan diaspora and
persons who cannot travel, making it inclusive and
creating a feeling of belonging to national heritage.

By these tactics, the museum has been able to diver-
sify its audience; no longer relying on the traditional
audiences, it has been able to emerge as a cultural
center that appeals to the world at large.

Limitations and Future Perspectives

Although it has these successes, there are still chal-
lenges. The digital divide threatens to marginalize
social populations that are not well equipped with
technology. The issue of financial barriers is also a
major limitation since the digital infrastructures re-
quire on-going investment and regular upgrades. The
lack of stable funding models puts at risk of the ob-
solescence or underutilization of digital devices.
Besides economic limitations, digitalization poses
some ethical and cultural challenges. Dependence
on technology can pose a threat to the originality of
the physical collections or prioritizing entertainment
over education. In addition, the introduction of arti-
ficial intelligence, although promising, brings up the
issue of privacy of data and the homogenization of
the experiences of different cultures.

However, the future is bright. With the implemen-
tation of Al, it is possible to provide special visitor
experiences based on personal interests. Augment-
ed and virtual reality would have the potential to

Fig. 3. Digital projection content
illustrating water heritage at the
museum.

recreate ancient irrigation methods or to re-create
past ritual experiences, which are educational and
entertaining. Such innovations have the potential to
secure Morocco as a digital heritage leader as long
as they are managed inclusively.

Conclusion

Moroccan museums on the net are a bold step to the
cultural modernization and development of tourism.
An example of how immersive technologies, interac-
tive technologies, and Internet solutions can convert
a museum into an active learning and attraction
venue is the case of the Mohammed VI Museum of
the Civilization of Water. Through these innovations,
accessibility has been enhanced, there has been
increased diversity in the audience and the interna-
tional image of Morocco as a cultural destination has
been enhanced.

The long-term sustainability of this change, however,
involves dealing with the endemic issues. The digital
divide and financial strain of sustaining sophisticated
infrastructures and the ethical dangers of excessive
technologization require some prudent governance.
The word inclusivity should be put at the core of
the future efforts so that digital tools are seen as a
way not just to attract but also to enforce cultural
democracy.

Moving forward, Morocco can stabilize its status

by investing in education, by creating partnerships

between culture organizations and technology sup-
pliers and by making certain that big and small mu-
seums receive equal funding. Related experience in
Europe, Asia, and North America demonstrates the
possibility of enforcing the educational, social, and

economic procedures of museums through the in-
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tegration of artificial intelligence, augmented reality,
and participatory platforms.

Finally, digitalization must be seen not as an objec-
tive but as an instrument that would help to attain
more significant goals: saving heritage, making it
more democratic and projecting the cultural identity

of Morocco to the world arena. The digital revolution
in the museums can also be the driver of tourism
competitiveness and a responsibility to future gen-
erations when managed inclusively and sustainably,
allowing the heritage of the people of Morocco to be
passed on both in its physical and digital form.
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Exploring New Realities

Bridging Society and Digital Technology through
Image Al Exhibition

Dr. Annabelle Hornung

Abstract

Using the exhibition-series 'New Realities' initiated by the Museums of Communication (Germany) this
essay shows the crucial role of (technohistorical) museums as mediators of Artifical Intelligence with
all the societal and cultural implications. Al-generated images are transforming our interaction with
visual media and challenging our culturally ingrained understanding of photographs, illustrations and
our image memory. The insights of the exhibition surrounding the opportunities and challenges of Al
could be a useful addition to the field and address the main questions of the conference: “how science
museums can bridge science and society” and “how museum practice and theoretical principles could
be evolved by digital technologies”.
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Al and/in (technohistorical)
museums

Artificial Intelligence (Al) is currently sparking wide-
spread discussions in society, culture, and media. It is
a revolution in all kinds of areas. Al has also found its
way into culture and museums, and as was the case
with the internet, Al is here to stay. While there are
often more questions than answers on the impact of
Al and its rapid developments (technohistorical or
science) museums can play a crucial role as media-
tors of this “new” digital technology. This idea and
other opportunities and challenges of Al are ana-
lyzed using the exhibition-series ‘New Realities’ initi-
ated by the Museums of Communication (Germany)
and its Al-generated images.

The Museums of Communication today have a more
cultural and societal approach, but as part of the Mu-
seum Foundation Post and Telecommunications their
historical roots go back to the 19th century and the
founding of the Reichspostmuseum in Berlin. The le-
gal mandate of the Museum Foundation is to collect
and present the development of communications
and the associated banking, goods and passenger
traffic in the postal and telecommunications sector
considerably expands the spectrum of collection
areas - all the way to the multifaceted manifestations
of communication in the present and the future. The
collections of the Museum Foundation document
the historical development of postal and telecom-
munications services in their many forms, especially
in technologies. Today, the Museum Foundation
maintains the Museums of Communication in Berlin,
in Frankfurt and in Nuremberg and two collection
departments and the Philatelic Archive in Bonn.

The Museums of Communication also address cru-
cial topics of our time: they help people understand
how media shape our perception of reality in an age
of Al, synthetic media, and mis- and disinformation.
By fostering media literacy, they empower citizens to
critically analyze information instead of being manip-
ulated by disinformation. In this way, media, visual,
and data literacy can contribute to democratic resil-
ience. The challenge is to help visitors improve their
communication skills.

Dealing with Al in museums, especially in technical
or science museums, could contribute to bridging
science and society. Taking this a step further: how
museum practice and theoretical principles could be
evolved by digital technologies to build this bridge.
The “New Realities” exhibition is one example among

many others in the museum sector of how we can
use this digital phenomenon - Artificial Intelligence

- for museums. In working with Al technologies and
in addressing societal and cultural implications the
museum can establish an ethical framework for an Al
culture as a part of digital ethics.

The Concept of “New Realities”

Our communication and interactions are already
influenced by Artificial Intelligence. That 's why this
phenomenon also has found its way into the perma-
nent exhibition of the Museums of Communication.
In the permanent exhibition of the Museums of
Communication in Nuremberg a new section about
journalism and social media was conceived in 2023.
This part also highlights the influence of Al. It shows
how newspaper reporting is already shaped by Al
the role Al can play in the spread of fake news, and
how Al-generated images are becoming part of our
visual culture and the media landscape. In the year
2025, the permanent exhibition in the Museum of
Communication in Frankfurt “Media history(s) told
anew” will receive a new section about the roots

of Alin communication: it will span an arc from
historical human-machine-communication systems
to today’s Al-generated communications systems,
smart devices and Al friends.2 Also, the challenges of
biases are shown and conveyed to visitors by an Al
trained, “talking painting” of Alan Turing. These ex-
amples show that Artificial Intelligence is one of the
most exciting topics in today’'s communication histo-
ry. The use of Al in words and images requires new
and adapted forms of media literacy. Media or digital
literacy is one of the main goals in the didactic work
of the Museums of Communication.

To accompany this media change Al is responsible
for and its great impact it was a logical step to create
“New Realities”. Together with the digital curator and
Al artist Maren Burghard the Museum of Communi-
cation Nuremberg started the exhibition-series in the
summer of 2023. The exhibition contains Al-generat-
ed images with a photorealistic aesthetic in different
image series and within different settings. One of
the main conceptual and design principles of “New
Realities” is ‘Reverse Remediation’. Which means
linking Al to traditional media to approach this topic
and the digital phenomenon in a more accessible,
barrier-free and straightforward way. So, the exhi-
bition presents Al-generated media by linking them
to familiar formats, such as photographs, but also
other media forms: posters, graphics, texts, etc. This
approach allows visitors to understand and evaluate
new technologies within the context of familiar me-

' Museum of Communication Nuremberg, Journalismus - Wie kommt Neues in die Welt, www.mfk-nuernberg.de/journalismus.
2 Museum of Communication Frankfurt, Kiinstliche Intelligenz und Kommunikation, www.mfk-frankfurt.de/ki-und-kommunikation.
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dia experience. This also means a low-threshold and
approachable access. “New Realities” also reflects
on the impact of generative Al on aesthetics, culture,
and society. A central goal is the critical examination
of these technologies and their influence on visual
culture. Promoting Al or media literacy is a key focus:
visitors are encouraged to gain a deeper understand-
ing of how Al works and the challenges it presents,
enabling them to critically assess its mechanisms and
impact.

The first exhibition with the title “New Realities -
How Artificial Intelligence Portrays Us” debuted in
2023, shortly after the generative Al hype sparked
by the release of ChatGPT3 At the same time,
diffusion models for image generation became sig-
nificantly more powerful, making the synthesis of
nearly photorealistic images accessible to the public.
At that time, Al-generated images were a hot top-

ic. Many visitors reported difficulty distinguishing
Al-generated from camera-based images. This was
also reinforced by the idea of reverse remediation
and choosing the setting a photo exhibition: framed
photos, white room, solid-colored highlights, classic
hanging. The image series were also embedded in
different stories. This storytelling was important to
become somewhat independent of the rapid techno-
logical development of Al. In other words, in addition
to the new hit Al-generated photorealistic images, it
was also important to provide an exciting dramatiza-

Impression of the “New Realities - How
Artificial Intelligence Portrays Us”, 2023,
Museum of Communication Nuremberg.
Idea/Prompt of the photos by Maren Burghard.
Photo by Tanja Elm for Museum Foundation
Post and Telecommunications.

tion of the pictures - otherwise it would have quickly
become boring for the visitors.

Equally important, alongside storytelling was the
principle of seriality—presenting the synthetic imag-
es in sequences that echo the visual continuity of
photographic series. The Al-generated images are
presented in a manner that resembles traditional
photography exhibitions with their very own idea of
storytelling, making these new media forms more ac-
cessible and easier to understand. This methodolog-
ical approach encourages visitors to critically engage
with the images by drawing on familiar visual practic-
es. Or as Merzmensch, author of the book “KI-Kunst*
wrote on his blog “Merzazine": “Here the machine
generation and human storytelling came together in
harmonious and mesmerizing ways. We need more
such takes on bringing human and machine imagina-
tion together.”

In the year 2024, nearly one year after the idea of
“New Realities” was born, the Museum of Commu-
nication Berlin asked to take over the exhibition.

But Al continued to develop and the discussion in
the media about challenges and opportunities was
already much more advanced. Nobody was interest-
ed in the mere Al-generated image anymore. So the
curators of the exhibition had to intensify the idea of
storytelling and created for the station Berlin: “New
Realities - Stories of Art, Al and Work”.5 As the title

* Museum Foundation Post and Telecommunications, Expotizer of New Realities, https://new-realities.museumsstiftung.de/ausstellung-

nuernberg/#ausstellung.

“Merzmensch, Merzazine (27. Januar 2024), https://medium.com/merzazine/finissage-new-realities-5220ee3f9e00.
> Museum Foundation Post and Telecommunications, Expotizer of New Realities, https://new-realities.museumsstiftung.de/ausstellung-

berlin.
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Co-Workspace in “New Realities - Stories of Art, Al and
Work”, 2024, Museum of Communication Berlin. Idea:

Maren Burghard and Dr. Annabelle Hornung, Prompts: Maren
Burghard. Photo: Kay Herschelmann for Museum Foundation
Post and Telecommunications.

already tells the focus shifted from questions about
authenticity, reality or creativity of Al to a more
critical examination and the underlying discourses
surrounding economic and work-related issues. The
introduction of generative Al is not only a techno-
logical shift but also a cultural one, a revolution com-
parable to the invention of the internet. It reflects
and shapes our cultural codes and values and has
the potential to reinterpret and analyze them in new
ways.

Karen Hao, a journalist and author of “Al empire”
investigated the working conditions of the Al Indus-
try: ,It (The Al Industry) has developed new ways
of exploiting cheap and precarious labour, often in
the Global South, shaped by implicit ideas that such
populations don't need—or are less deserving of—liv-
able wages and economic stability. “

The developed version of “New Realities” then
focused on a story around work, co-work, digital
work. As a part of the exhibition-series it also shows
Al-generated images around work, workspaces,
co-working but the process of ‘working together’
and co-creating with Al became more obvious. Al
tools were used in co-curation. This co-creation with
the machines was especially present in the fields of
assisting research, arranging and organizing content,

coherent storytelling, but also exhibition design. The
wallpapers of a co-working-space (built with three
exhibition walls) were created with generative Al.

All the content inside the workplace - from pizza de-
livery notes and desk yoga exercises to the posters
and slogans of the new Al United, a union for people
working in the Al industry, were created by Al (but
curated by humans). The ping-pong with the machine
in the role as a curator also shows the collage with
over 170 (Al generated) photos of people working

in the Al industry, so called data-workers or annota-
tors.’

The special thing about the exhibition in Berlin was
that it promoted reflection and critique in the recep-
tion of Al Art to inspire further thoughts. It also en-
couraged guests to reflect on Al-generated content
and interpret it in the context of their own media
experiences. The exhibition challenges conventional
viewing and thinking habits and motivates a critical
examination of Al-transformed forms of representa-
tion, leading to a deeper reflection on the role of Al
in art and media production.

Co-Workspace in “New Realities - Stories of Art, Al
and Work”, 2024, Museum of Communication Berlin.
|dea: Maren Burghard and Dr. Annabelle Hornung,
Prompts: Maren Burghard. Photo: Kay Herschelmann
for Museum Foundation Post and Telecommunica-
tions.

New Realities today: Museum:s,
Al and Ethics

“New Realities: Fashion Fakes - Al Factories” is the
newest version of the exhibition-series. It has been
hosted since spring 2025 by the Museum for Com-
munication Frankfurt. At its core, the exhibition ex-
plores what happens when Al reinvents the world of
fashion. Fashion has always been a cultural phenom-
enon defined by its representation and visual com-
munication—through media such as fashion photog-
raphy and staging. The exhibition will investigate how
generative Al is transforming this representation.®

With “New Realities” exhibitions the Museums of
Communication highlight the opportunities and
possibilities, as well as the challenges and limitations
of Al with an engaging approach through communi-

¢ Hao, Karen, Artificial Intelligence is creating a new Colonial World Order (19. April 2022), MIT Technology Review’s Series on Al Colo-
nialism, https://www.technologyreview.com/2022/04/19/1049592/artificial-intelligence-colonialism.

7 The digital curator Maren programmed a bot based on ChatGPT 4, which spit out answers in form of prompts to the question: “What
is the dark side of the work of data workers in the Al industry?” The prompts were then put in image Al Program Midjourney: https://

new-realities.museumsstiftung.de/the-annotators.

8 Museum Foundation Post and Telecommunications, Expotizer of New Realities, https://new-realities.museumsstiftung.de/ausstellung-

frankfurt/#ausstellung.
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Key Visual of the exhibition “New Realities - Fashion Fake - Al-Factories”, 2025, Museum of Communication
Frankfurt. Idea/Prompt: Maren Burghard, graphic: Martin Kiichle.

cation and storytelling. The exhibitions present(ed)
Al not only through a significant contrast but also
through our common understanding of media.
Through a shared understanding of media, visitors
could engage more critically with visual injustices,
stereotypes, and clichés—that is, with the biases em-
bedded in Al. All cultural institutions are called upon
to help shape the phenomenon of Al and the dis-
courses of media/Al literacy and media/Al education.
Furthermore, it is also the responsibility of museums
to (co-)create a framework of digital ethics. The goal
of bridging Al and society in (science/technohistori-
cal) museums must be to create numerous possibili-
ties to close accessibility gaps and to engage diverse
audiences through exhibitions and interactive tools.
But, if these institutions are interested in being ‘a
museum for all’ in this increasingly diverse society
they must recognize that this tool carries inscribed
stereotypes, biases, and forms of racism. Al should
therefore be used in a considered way to generate
images with which preferred target groups (diverse
visitors) can also identify. Then Al can be a powerful
tool to build a bridge between science and society
and to evolve museum practice and theory by digital
technologies.
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The Near Future

Using Al technology to create interactive sci-fi experiences
based on visitor interests in science and technology
museums

Yasaman Haji Esmaili & Kimia (Fatemeh) Amini Khoshouei

Abstract

This paper presents a hypothesis for Science Museums to encounter the new world through Artificial
Intelligence (Al) in order to strengthen their connection with audiences and enhance visitors' imagina-
tive powers. Science museum audiences, especially children, should be able to learn science through
imagination and creative thinking, and the museum's atmosphere ought to encourage them to spec-
ulate about the near future. The use of digital spaces in science museums provides opportunities for
the growth of scientific imagination and the creation of novel experiences.

This research examines the methodology that science and technology museums can adopt to utilize Al
as a creative platform for interaction with visiting children and teenagers. It proposes a methodolog-
ical-technological adaptation to nurture creativity and imaginative power in young museum visitors.
The paper investigates how science museums can use new technologies to create playful, gamified
science fiction experiences. Al can accompany these experiences from the start, imagine alongside
the audience, and guide them toward creative thinking. The purpose of these technologies is to create
conditions where individuals can imagine scientific facts and futures without being limited to the ex-
periences of real concepts. This approach is further analyzed by examining the "Earth Memory Boxes"
workshop (Iran) based on the Nina Simon model and FGI framework, and by comparing it with global
examples (Heureka, Miraikan, Science Museum London, and AAM).

Keywords

Near Future, Gamification, Artificial Intelligence, New Technologies, Imagination Training, Science and
Technology Museums.
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Introduction

Science museums in the contemporary era play a
role beyond mere preservation and exhibition; they
have transformed into platforms for participatory
learning, dialogue, and creative experience (Simon,
2010). Concurrently, climate change, the rise of
Artificial Intelligence (Al), and the need for digital
literacy present both challenges and new opportu-
nities for these institutions. Adopting innovative ap-
proaches to museum experience design is essential
in response to these developments.

A key theoretical framework in participation is the
Nina Simon model, which defines three escalating
levels of audience involvement. Alongside this, the
FGI (Focus-Generate-Implement) framework is used
as an effective tool for the qualitative analysis and in-
depth evaluation of visitor experiences and creative
processes within museums (Brown, 2009).

This paper analyzes the “Earth Memory Boxes” work-
shop at the Science and Technology Museum of Iran
to investigate how the integration of Simon's participa-
tory model and the FGI framework can lead to a
deeper understanding of museums’ educational po-
tential. Subsequently, by comparing this local expe-
rience with global trends at reputable centers such
as Heureka (Finland), Miraikan (Japan), the Science
Museum London, and AAM standards, the position
of participatory approaches in Iranian science muse-
ums will be elucidated.

Theoretical Framework

Nina Simon’s Participatory Model

In her book (The Participatory Museum, 2010), Nina
Simon defines three key levels of audience engage-
ment in museum activities, which reflect the degree
of audience control and ownership over content and
process:

Participation: Audiences contribute data, opinions,
or ideas, but the museum remains the ultimate deci-
sion-maker.

Collaboration: The museum and audience jointly
engage in designing or implementing parts of the
project. The power to decide is more balanced.

Co-creation: The audience and the museum are
equal partners across all stages, from conceptual
design to final implementation. This level establishes
the highest degree of joint ownership.

This model provides a conceptual tool for assessing
the depth of audience interaction with scientific and
technological content.

The FGI (Focus-Generate-Implement)
Framework

The FGI model, rooted in Design Thinking, is an
analytical and executive three-stage approach appli-
cable to examining the quality of participatory expe-
riences in museums (Kolko, 2015):

Focus (Problem Definition): The stage where the
main issue, educational need, or environmental chal-
lenge is precisely defined.

Generate (Idea Generation/Solution Production):
The stage where audiences create ideas, designs, or
creative solutions.

Implement (Execution/Solution Realization): The
stage where generated ideas are transformed into a
final product or tangible experience (such as a small
exhibition or an art/science project).

By combining this framework with Simon’s model,
one can analyze not only the creative process but
also the depth of audience involvement at each
stage.

Methodology

Approach and Analysis

The research methodology is qualitative and based
on a comparative case study. The “Earth Memory
Boxes” workshop was chosen as the primary case
study.

Data Analysis based on FGI

For analyzing the workshop data and outcomes
(including observations, artifacts, and group dis-
cussions), the FGI framework was divided into four
analytical components commonly used in user expe-
rience and focus group studies:

Feelings: Examining the emotional reactions and
generated excitement.

Goals: Comparing the educational objectives de-
fined by the museum with the participants’ personal
motivations.

Insights: Analyzing the new understanding formed
in the participants’ minds regarding the core theme
(climate change, technology).

Implications: Reviewing the practical outcomes of
the workshop for future program development and
the broader community.
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Comparative Cases
The comparative analysis involved four international
examples:

Heureka, Finland: Participatory projects focusing on
Al and digital ethics (“Me, Myself & Al").

Miraikan, Japan: The Science Storytelling approach,
focusing on future-oriented scientific narratives.

Science Museum London, UK: Interactive exhibi-
tions utilizing Augmented Reality (AR) and Al for
public science education.

AAM, USA: Strategic documents and reports from
the “Museum of the Future Labs” concerning the
role of museums in future ethical and social con-
texts.

Findings

Workshop Analysis based on Nina Simon’s
Model

The “Earth Memory Boxes” workshop transcended
simple participation:

Participation: Children contributed initial data in
the Focus stage by sharing personal memories and
sketching them.

Collaboration: During the Generate stage, facilita-
tors and children jointly worked on converting the
initial sketches into three-dimensional wearables.

Co-creation: In the Implement stage, children took
full responsibility for the finalization and public ar-
ticulation of the artifacts’ narrative and message,
demonstrating full ownership over the project’s final
content. This constitutes a successful instance of
co-creation in the region’s science museums.

Comparative FGI Table (Iran and Global)
Table 1- FGI Model Applied to Nina Simon’s

Participatory Framework

FGI Dimension Science & Tech Museum of Iran
(“Earth Memory Boxes”) Heureka Finland (“Me, My-
self & Al") Miraikan Japan (Science Storytelling) Sci-
ence Museum London (Al & AR Exhibits) AAM USA
(Museum of the Future Labs)

Feelings (F) Sense of empathy for the Earth and

emotional concern for the climate future. Sense of
curiosity and excitement from interacting with algo-
rithms and machine learning processes. Feelings of
imagination, wonder, and hope regarding the future
of humans and robots. Sense of immersion, joy, and

excitement from digital and gamified experiences.
Sense of responsibility and active participation in
future-focused museum scenarios.

Goals (G) Enhancing environmental awareness and
teaching critical thinking through design. Introduc-
ing Al concepts and digital ethics to citizens in an
engaging manner. Developing scientific literacy and
future-oriented imagination in the field of emerging
technologies. Public education on Al applications
and new sciences through interactive and engaging
tools. Identifying emerging trends and designing for-
ward-looking policies for museums.

Insights (1) Clarification of the link between wearable
design, storytelling, and environmental education.
Understanding that Al is a social and ethical phe-
nomenon, not merely a technical one. Scientific
narrative led to a multi-dimensional view of the social
impact of technology. AR and Al created a deeper
understanding of scientific and environmental data.
Insights aided administrators in rethinking the muse-
um’s role in cultural and social equity.

Implications (Im) Increased active participation of
children and creation of a local model for similar
workshops. Strengthening citizens’ digital literacy
and increasing responsible trust in technology. Ex-
panding social and public dialogue about humanity
and technology within the city. Increasing visitor
engagement and enhancing the quality of the learn-
ing experience with novel tools. Developing policy
recommendations for the future of museums globally
and locally.

Discussion and Analysis

Ascending to Co-creation in Science Museums
The FGI analysis alongside the Simon model con-
firms the “Earth Memory Boxes” successfully
reached the Co-creation level because children were
allowed to define the final narrative of their artifacts.
This is a significant achievement, as many museums
often remain at the “Participation” or “Collaboration”
levels (Simon, 2010). This active approach aligns
closely with the museum’s core goal of nurturing
“Active Citizens”.

The Role of Al in Multi-Sensory Experience
and Enhancing Co-creation

A key distinguishing and innovative aspect of the
“Earth Memory Boxes” workshop was the strategic
utilization of Artificial Intelligence (Al) as a tool for
creativity and participatory facilitation. The use of
Al in this project occurred on two significant layers,
deepening the level of participation:

Creativity and Materializing Imagination: Al served
as a creative assistant, helping children transform
their imaginations about “Earth’s memories” into
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a multi-sensory and tangible experience. This ap-
proach moved beyond mere wearable design to
establish a dimension of materialization of the
children’s imagination, thereby strengthening the
Co-creation level.

Al as a partner in the protection of the Earth: On the
second layer, Al went beyond a technical tool, acting
as an interactive companion to help children find
creative solutions for environmental protection and
message delivery. This function directly aligns the Ira-
nian experience with the focus of Heureka'’s (Finland)
projects, which emphasize human-Al partnership in
ethical matters, elevating the museum'’s role from
mere education to collaboration in problem-solving.

The Significance of the Emotional Component
(Feelings) in Education

The comparison of the “Feelings” row in Table 1 high-
lights a crucial point: learning in science museums

is not solely cognitive; it is profoundly emotional
(Falk & Dierking, 2016). While cases like Heureka and
London aim to instill wonder and excitement about
technology, the Iranian workshop aimed to elicit a
sense of empathy and responsible concern for the
environment. By emphasizing this component, the
FGI framework provides a powerful tool for fine-tun-
ing educational design in museums.

Conclusion and Recommendations

Conclusion

This research affirms that integrating Nina Simon's
participatory model with the FGI analytical frame-
work constitutes a comprehensive and effective
model for the design and in-depth evaluation of in-
novative educational programs in science museums.
The “Earth Memory Boxes” workshop was not only
successful at the Co-creation level but, through the
strategic utilization of Al as a creative tool and inter-
active companion, it also aligned the Iranian experi-
ence with major international trends in science, Al,
and environmental education. This success under-
scores the importance of focusing on global issues
with creative and participatory approaches in Iranian
science museums, transforming the museum into an
active platform for future-oriented exploration as
envisioned by the new research paradigm.

Practical Recommendations

Institutionalizing FGI: Museums should adopt FGI

as a standard tool for evaluating the emotional and
cognitive impact of their educational programs, mov-
ing beyond mere visitation statistics or satisfaction
surveys.

Developing Co-creation: Based on the Nina Simon

model, educational programs must consistently
involve children and teenagers in the Implement
stage (final execution and message transmission) to
strengthen the sense of ownership.

Expanding Al's Role: Science museums should de-
velop the use of Al on two important layers: a) as a
tool for multi-sensory experience and materializing
children’s imaginations and b) as an interactive part-
ner for participation and companionship in the pro-
tection of Earth and the environment, especially in
climate domains.

Networking: Given the convergence in approaches,
establishing direct exchange networks with global
centers like Heureka and Miraikan is recommended
for knowledge transfer and the development of local
models.

Annex

Analytical Framework: Integrating the Nina
Simon Model with FGI Findings for Al Studies
in Science Museums

Introduction

This paper presents an analytical framework that
integrates Nina Simon’s three-tiered participatory
model (Participation, Collaboration, Co-creation)
with the empirical findings structured by the Focus
Group Interview (FGI) method. This framework is
applied to analyze how science museums globally are
incorporating Artificial Intelligence (Al) into their
practices. The goal is to provide a unified methodol-
ogy that covers both the depth of audience engage-
ment (Simon) and the practical content and methods
used (FGI's What, How, Why).

The core hypothesis is that the FGI framework can
effectively measure the level of audience involve-
ment according to the Nina Simon model, demon-
strating a clear trend in science museums toward
higher participatory levels in the context of Al and
future-oriented content.

Analytical Comparative Table: Nina Simon
Model - FGI - Al Case Studies in Science
Museums

The following table adapts the FGI dimensions
(What, How, Why) to the three levels of participation
defined by Nina Simon, using key Al-related case
studies from major global science institutions.

Supplementary Analysis
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human-machine
relationship.

Participation | AAM - Muse- Museum Profes- Analyzing Al's Trend analysis, Strategic and Ethical
ums & Al sionals impact on the case studies, Framework for Al en-
future of museum | policy discus- try into museums; Pri-
work and profes- | sions. mary control remains
sional readiness. with the museum.
Heureka - Al: General Public Educating on Interactive exhib- | Visitor engagement
Me, Myself & Al | (esp. Children) fundamental Al | its, storytelling, in understanding and
(Finland) concepts and the | hands-on experi- | experiencing; Con-

ence.

tent framework is
designed by the mu-
seum.

Collaboration

Science Mu-
seum London
- Interactive Al
Projects

General Visitors,
Teenagers

Combining play,
AR, and Al for

scientific learn-
ing.

Applications,
sensors, digital
tools.

Active collaboration
of the visitor in the
game/experience;
Museum design +
Audience input
shapes the narrative.

Journey into
Participation

- Science Muse-
um London

Local Communities

Designing exhi-
bitions based on

community
perspectives.

Workshops,
participatory
dialogues.

Two-way interaction;
Local community and
museum share
decision-making.

Co-creation

Miraikan (Japan)
- Al Robotics

Programs

Children, Teenag-
ers, Artists

Designing Sci-Fi
and future-
oriented scenari-
os with Al

Co-creation be-
tween children
and robots, joint
narratives.

Museum and audience
are both creative
partners; Jointly pro-
duced experience.

National Gallery
X (UK)

General Public &
Artists

Co-creating
digital exhibitions
with communi-
ties.

Collaboration
among artists +
audience + mu-
seum.

The boundary be-
tween museum and
community dissolves;
The final experience is
the result of a shared
process.
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The comparative table clearly delineates the increas-
ing depth of engagement across the Simon model, as
validated by the FGI dimensions:

Participation Level

AAM and Heureka exemplify cases where the con-
tent framework is initially designed by the museum,
but the audience participates by contributing their
data, narratives, or experiences within that structure.
This stage is crucial for raising awareness and diver-
sifying initial narratives.

Collaboration Level

At the Science Museum London, whether in inter-
active Al projects or the Journey into Participation
initiative, the audience plays a more active role in
the project’s design and implementation. This col-
laboration strengthens the sense of belonging and
deepens the visitor experience by allowing them to
influence the outcome.

Co-creation Level

Miraikan and National Gallery X demonstrate the
movement to the final level, where the museum and
the audience are equal partners in decision-making
and experience creation. This level is highly inspi-
rational for the Iranian Sci-Fi Gallery project, as it
posits that children, with the help of Al, can be both
producers and consumers of content.

This adaptation suggests that the visitor engagement

Findings and Model Alignment

pathway for the museum project can be designed
incrementally:

- Starting with Participation (Al introduction, idea
collection).

- Moving to Collaboration (Joint design of stories
and games).

- Reaching Co-creation (Children and Al as co-cre-
ators of experiences).

Methodology for FGI Application
Theoretical Framework

+ Nina Simon's Participatory Model (2010): Three
core levels (Participation, Collaboration, Co-cre-
ation).

+ FGI: A qualitative method used to analyze the
perspectives of diverse groups, including visitors,
researchers, and museum staff.

Method

» Tool: Focus Group Interviews (FGI).

+ Sample Population: Visitors to Al-focused science
galleries, museum staff, and technology experts.

+ Data Analysis: Open coding of interview tran-
scripts, followed by alignment with the Nina Simon
participation levels.

Discussion and Conclusion

The tables below demonstrate how FGI data is positioned within each participatory level, confirming the utility

of FGI in assessing the depth of engagement.

FGI Data

Example in Science Galleries

Alignment with Nina Simon Model

Visitors express that the interactive
robot experience requires simpler
explanations.

Science Museum London Al section

Participation in providing feedback;
the design remains primarily in the
museum's hands.

FGI Data

Example in Science Galleries

Alignment with Nina Simon Model

Local groups proposed that Al exhib-
its should feature localized scenarios
(local contexts).

"Al and Society" project at the
Science Museum London

Collaboration in content design with
local groups.

FGI Data

Example in Science Galleries

Alignment with Nina Simon Model

Teenagers co-designed a simple Al
algorithm with museum researchers
which was then installed in the exhibit.

Gallery

Manchester Science Centre Al

Co-creation: Joint decision-making
and production of the final experi-

ence.
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The comparative analysis demonstrates that the FGI
framework is an appropriate tool for measuring the
level of audience involvement within the Nina Simon

participatory hierarchy. Findings confirm that science

museums, particularly in the domain of Al, are gradu-
ally moving from the level of Participation (feedback
collection) toward Collaboration (co-design) and
Co-creation (co-production).

This trajectory aligns with the principles of participa-
tory museums and is projected to enhance the social
and scientific sustainability of science museums in
the future by transforming visitors from passive con-
sumers into active collaborators and co-creators of
knowledge and experience.
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Are digital scientific collections collaborating
for science communication?
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Abstract

Online scientific collections play a key role in disseminating and promoting science, so it is essential
that those involved in these institutions consider ways to make information more accessible to the
public. This study aims to investigate the clarity of the texts used by scientific collections with digital
content available via open access. The study also seeks to evaluate the relationship between the con-
tent conveyed and its presentation, and to explore the potential for summarising and simplifying
information without compromising its fundamental value. To this end, the research drew on concepts
from various fields, including museology, education, and linguistics. A survey of digitised scientific
collections available via open access was conducted, and the texts were analysed according to plain
language guidelines. It was possible to see how this type of text associated with scientific collections
can play an important role in scientific dissemination, as well as the challenges, limitations, and
possibilities that the internet presents for the popularisation of these collections.

Keywords

Scientific Communication. Science Museums. Language Studies
Biography

Jodo Paulo Santos holds a Master's degree in Science, Technology and Health Communication and a
Bachelor's degree in Art History, and is a trained clinical analyst. He is part of the team at the Oswaldo
Cruz Institute's Museum of Pathology, where his work involves maintaining anatomical specimens, or-
ganising items in the collection and updating databases related to the museum's collections. He is also
responsible for developing and implementing actions to disseminate and popularise science.

Barbara Dias holds a degree in Microbiology and Immunology, as well as master's and doctoral de-
grees in Science. She is a public health technologist at the Oswaldo Cruz Institute, where she is also
the curator of the Museum of Pathology. In this role, she works with scientific collections in areas such
as research, heritage, scientific dissemination, teaching and technological development.

Diego Bevilaqua holds bachelor's and doctoral degrees in Physics. He is a technologist at the Oswaldo
Cruz Foundation and currently serves as Deputy Director of Cultural Heritage and Scientific Dissem-
ination at Oswaldo Cruz House. He also lectures on the Master's programme in Science, Technology
and Health Communication and on the Specialisation Course in Science Popularisation at the same
institution. His experience in the field of scientific dissemination covers the following topics: art and
science, science museums, social impact, new technologies and interactivity.



J.P. SANTOS / B. DIAS / D. BEVILAQUA: ARE DIGITAL SCIENTIFIC COLLECTIONS COLLABORATING FOR SCIENCE COMMUNICATION? 85

The aim of science and technology museums is to
make scientific knowledge more accessible to visitors
and encourage public engagement. However, this
remains a significant challenge for these institutions.
Despite their relevance, many scientific collections
remain unknown to the public. This lack of visibility
means these collections are not recognised as an
important part of scientific knowledge production
(Martins & Martins, 2020). The use of digital tech-
nologies has been considered an important resource
not only for ensuring the organisation of information
associated with these collections but also as a means
of promoting access to these collections for a wider
audience, bringing museums and universities clos-

er to their accessibility and inclusion goals (Devitt,
2019). This transformation, driven by a new dynamic
in the digital environment, demands a repositioning
of institutions that maintain collections, where the
dominant focus shifts from exclusively managing the
collections to seeking a balance between this prima-
ry role and a new agenda involving issues of democ-
ratisation and citizenship, reflected in their communi-
cation strategies (Semedo, 2010).

Digitising scientific collections and making them
available online enables greater democratisation of
access to the information generated, processed and
stored by these collections. In order to achieve this,
it is necessary to develop and implement science
communication strategies that raise awareness of
digital collections, encourage access to them, and
promote them. Sharing these collections via digital
tools can raise awareness of their social value, and
providing access to them is a contemporary necessi-
ty that justifies their preservation. Therefore, improv-
ing the quality of this information is essential.

This study focuses on the linguistic elements used to
communicate scientific information relating to digital
collections in museums and science centres. The aim
is to evaluate the clarity of these texts and consider
how scientific language may exclude certain audi-
ences. For this exploratory study, we analysed the
language used in the virtual environments of Brazil-
ian science museums with online collections to un-
derstand how this contributes to establishing these
museums as spaces for scientific dissemination.

Our findings suggest that the language used in these
spaces is overly technical and unappealing to the
general public. Our observations indicate that the
process of communicating science is failing to engage
the public in scientific discourse, as a predominance
of technical language and unappealing presentation
prevails in these spaces.

When communicating and raising awareness about
science, accessible language that reflects everyday

life should be used as a matter of course, and this
should be widely considered in dialogue with society.
Information should be contextualised based on fun-
damental concepts about the nature of science, em-
phasising its processes, historical development, and
its relationship with people’s lives. Effective science
communication is essential for providing access to
knowledge and sparking interest and curiosity in im-
portant personal, socio-political and cultural issues.
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Specifics of the Management of Technical
Heritage Collections and their On-Line
Accessibility

An Example of an Ongoing Research Project at the
Technical Museum in Brno, Czech Republic
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Abstract

The project (and this paper too) focuses on the unique phenomenon of museums of applied art and
technology, which in their history were among the most progressive museum types in the Czech lands.
The project aims to present the basic aspects of these museums and development of their collection
activity. The identification, categorisation and digital accessibility of museum collections responds

to the need to explore the potential of cultural and industrial heritage through the perspective of
collection objects stored in memory institutions that were acquired to enhance the quality of pro-
duction, develop contemporary style and knowledge or document the level of technology in a given
time period. The outcome of the historical-museological research will be a large, specialised scientific
database that will enable professionals and the public to get a good overview of the different types of
collections and their contents based on predefined criteria. The preparation of this digital database
and its use in open access mode allows its further use in the public space, including tourism, local gov-
ernment, etc. The work on the implementation of the database already reveals a number of method-
ological problems that the researchers have to cope with.
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Introduction - basic project
information

The Ministry of Culture of the Czech Republic sup-
ports research projects dealing with the protection,
creation and use of cultural heritage from different
perspectives within its research programme on na-
tional and cultural identity'. For the period 2023 to
2027, support was granted to the research project
PUTM: The contribution of applied arts and technical
museums to the economic development and cultural
education of Moravia and Silesia: foundations - situ-
ation - perspectives. The project involves staff from
three institutions - one museum and two universities
- and colleagues from other museums in Moravia and
Silesia are invited to work on partial topics and studies
to varying degrees during the project.?

Objectives of the project

The objectives and content of the project can best
be explained by focusing on the tasks of the individ-
ual project participants. With regard to the theme of
the CIMUSET conference, | am also focusing on one
of the many planned outcomes of the project, the
so-called specialised digital database.

Department of Archaeology and Museology,
Faculty of Arts, Masaryk University

This academic institute for museology and museum
studies has long focused on research into the devel-
opment and transformation of museums and their
function in society. Museums and museum collec-
tions in Moravia and Silesia were created in the 19th
century in the context of the national emancipation
process and - more importantly for technical mu-
seums - in the context of the transformation of an
agrarian society into an industrial society. The growth
of economic and industrial activity placed demands
on the increase in the level of education and the
distribution of technical knowledge from the centres
to the regions. In addition to professional technical
schools, local elites created space for the develop-
ment of art and industrial museums and concentrat-
ed evidence of technology, production and science
in them. After the establishment of independent
Czechoslovakia (1918), the connection of business
elites to regional collecting and educational institu-

tions weakened. After the Second World War, many
museums were transformed into museums of the
so-called patrimonial type, i.e. museums with a multi-
disciplinary and more generally focused collection.
The team of the university workplace is investigating
the phenomenon of art, industrial, technical and tech-
nological museums in Moravia and their educational
potential. In doing so, it focuses primarily on the initial
phase of the art and technology museums from their
inception to the interwar period. This includes topics
such as the connection between the museums of the
time and representatives of industry, the influence of
the educational activities of museums on industrial
production and its design, the influence of progressive
personalities, such as founders of industrial enterpris-
es, scientists and inventors on the formation of the
museums of the time, etc. Another major theme is

the analysis of the collection holdings of the time and
possibly also tracing the future fate of selected collec-
tions. It is this information that will be concentrated in
a separate part of the large digital database and made
available to the public in the form of open access digi-
tised cultural heritage.

Department of Theory of Architecture,
Faculty of Architecture, Brno University of
Technology

The relatively small team of workers involved in the
project focuses on the issue of purpose-built muse-
um buildings in Moravia and Silesia and their trans-
formations, from the emergence of modern art and
industrial museums in the 19th century to the pres-
ent day, and the issue of adapting industrial sites for
the needs of cultural institutions and museums.

Technical Museum in Brno (TMB)

TMB is the second largest technical museum in the
Czech Republic, which has been operating as an
independent institution since 1961. In short, it docu-
ments the development of technology, industry and
science in Moravia and Silesia from the perspective
of more than three dozen collections. The museum’s
collection is not extensive, comprising about 65,000
numbers, but it is very diverse in terms of material,
time and subject matter, literally from a needle to a
locomotive. The TMB team aims, in simple terms, to
obtain information about the collections of tech-
nology, industry and science in the contemporary
museums of Moravia and Silesia. These collections

' NAKI 11l - Programme for the support of applied research in the field of national and cultural identity for the years 2023 to 2030, see
more at https://mk.gov.cz/program-naki-iii-program-na-podporu-aplikovaneho-vyzkumu-v-oblasti-narodni-a-kulturni-identity-na-leta-

2023-az-2030-cs-2500.

2 Moravia and Silesia (its Czech part) are historical lands of the Czech Crown, which today have no legal relevance or representation
within the political and administrative structure of the state, but still figure in cultural awareness and historical and social scientific dis-
course. According to the current regional organisation, there are 111 museums in Moravia + 35 museums in the Vysocina Region, which is
located in the historical country of Moravia and the historical country of Bohemia.
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can be found in all museums of the so-called patri-
monial type, they are constantly being processed by
the museum and are added every year by acquisition
activities. The information concentrated on these
collections in the digital database will be many times
higher than the information obtained by the team
from the Masaryk University museology department.
This part of the database is also being prepared by

a larger number of people - not only TMB staff, but
also and above all by collaborators from regional
museums. This part of the database is filled with data
that can be transferred from the electronic record
systems of individual museums.

Methodological problems related
to the digitization of technical
collections

In the initial phase of the project, we worked with a
professional company on how to technically ensure
that the export of data from various record systems?
would be as simple as possible and would take only
the minimum amount of time for our collaborators.
Subsequently and gradually, the collaborators are
trained and now we are at the stage where they
provide us with their data in the database. During
this training we have encountered several meth-
odological problems that we are still facing. A fun-
damental, almost philosophical and museological
problem has been to agree on what we consider a
collection object - a document of technology, indus-
try and science. In the Czech environment, there
are no classification schemes; the disciplinary divi-
sion is intertwined with the historical development
of the collection, i.e. mainly with the person of the
curator who created the collection, had their pref-
erences, possibilities and acquisition opportunities.
This is also the case in other countries, as | found
out. Sometimes the motivation for acquisitions is

a research or exhibition project. The division into
collections or sub-collections is based on different
aspects; in the case of technical museums, this can
be a division according to materials, technical field,
but also, for example, the area of human life that
technology intervenes in (e.g. technical education
and technical toys, household technology, transport,
communication technology, etc.). In smaller, non-spe-
cialised regional museums, the situation is even more
complex. Here, objects in the field of technology are
part of quite distinct collections. These are usually
historical collections or sub-collections labelled, for

example, as local production, crafts, education, etc.
Nomenclature is also problematic, while for exam-
ple for ethnographic collections in Czech there are
dictionaries including regional names, for the field of
technology there is no such thing and for example
library aids, dictionaries and thesauri have proved to
be completely inadequate for our purpose. Another
methodological problem we faced was what type of
museum object, to include in the database. Would it
be just 3D objects, or would it also include accom-
panying documentation of an archival nature, films,
or even past exhibitions and publications about, for
example, local factories, personalities of engineers
and inventors, and the like? If it is a local industrial
enterprise - will we document its technical facilities
(machinery, equipment, etc.) or also related docu-
mentation including production samples? It is clear
from these issues that the human factor is quite cru-
cial to populate the database. We mostly leave it up
to the curator himself to evaluate his collection, what
will be considered “technology” and what will no lon-
ger be considered “technology”. The depth to which
an object has been processed in a museum, i.e. de-
scribed in detail and documented photographically,
certainly plays a role in their decision.

About the database of art, indus-
trial and technical collections of
Moravia and Silesia

The specialised public database is the result of
so-called applied research. It is therefore very im-
portant not only that some basic research is going
on - data collection, evaluation and processing - but
also that the database will be usable in further re-
search practice and by the general public. In the
Czech Republic, only a small part of the collections
is accessible online. The basic database of museum
collections in the Czech Republic (subjects under
the law protection” is the so-called Central Register
of Collections administered by the Ministry of Cul-
ture of the Czech Republic.®

It is a database that serves to provide an overview of
collections that enjoy legal protection in the Czech
Republic and whose custodians are also subject to
legal obligations, such as regular inventory of collec-
tions, records of export of collections abroad, etc.
This database can be used only to a limited extent
for the purpose of on-line access to collections for
the public.

*In the Czech Republic, there is a law on the Central Record of Collections, but due to its concept, this record could not be used. Indi-
vidual museums use their own registration systems and programmes for the systematic registration of collections.

4 Act No. 122/2000 Coll. on the Protection of Museum Collections

5 This is how the record of the Technical Museum in Brno's collection looks in the Central Collection Register: https://www.cesonline.
cz/arl-ces/cs/detail-ces_us_cat1-sb0000389-Shirka-Technickeho-muzea-v-Brne/?disprec=1&iset=1

https://www.cesonline.cz/arl-ces/cs/detail-ces_us_cat.2-psb0000673-23-Veda-technika-a-prumyslova-vyroba/?disprec=2&iset=4
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Another major database that can be used by custodi-
ans and owners of collections in the Czech Republic
is the portal called eCollections, which is managed
by the National Museum.®

It is a voluntary activity, and this portal can serve as
an official repository of digital records for collections
that have been digitized with the financial support of
various donors.

Museums in the Czech Republic often deal with the
digitisation of their own collections and possibly
individual sub-issues of cultural heritage on an indi-
vidual basis. The financial resources for the creation
and maintenance of these databases come either
from the budget of the institution or its founder, or
from various programmes. This can be illustrated
again by the example of the various individual online
databases of the TMB. The institution’s budget paid
for an application that enables the web presentation
of selected collection items in connection with our
electronic record system Museion.’

But back to the database of technical collections of
Moravia and Silesia and its benefits:

1) Allow museums to share data about their col-
lections with a simple online tool to their founder
and the public. As | have already mentioned, in the
Czech Republic there is a law on museum collections
and publicly supported museums. These museums
and the owners or custodians of these collections
have a duty to provide information to the public

and to liaise with researchers. If they have digitized
collections, they do not have to answer researchers’
questions individually, but refer to the database and
provide information quickly and easily through the
database. It is therefore in their interest to present
as many objects as possible in the database.

2) Sharing digital collections will contribute to re-
search and presentation of cultural heritage, but also,
for example, to saving financial resources. The state
spends considerable resources on each object in the
collection, its acquisition, storage and preservation. It
will be essential for the sustainability of cultural her-
itage protection if multiples in museum collections
are reduced and only the necessary evidence of the
historical development of technology and industry is
selected for acquisition and permanent preservation.
3) The database will be used for effective tourism
management (it will be linked to an interactive map
and simple search engines).
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Abstract

The issue of digitisation of collections is currently one of the most frequently discussed topics in

the museum sphere, rejected by some and uncritically admired by others. It also raises a number of
practical and theoretical problems. In our contribution we offer a brief introduction into the topic of
digitisation of museum collections in Slovakia - how it was organised, what projects were created, what
were the results. We use the collections of Slovak Technical Museum and its branches, especially the
Museum of Transport, to illustrate these processes. The digitisation process was finalised in 2015 with
approximately 177 000 digitised collection objects, and while it brought many positives, it still leaves
us - both museum professionals and the public - with a lot of issues to be dealt with in the future,
whether related to its usefulness, accessibility, practicality, or sustainability.
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Introduction

The issue of digitisation of collections is still one of
the most frequently discussed topics in the museum
sphere. Nevertheless, in our opinion, some issues are
still underdeveloped, especially from a museological
point of view. In the sphere of presentation (exhibi-
tions, museum education programmes, etc.), modern
technologies, including digital ones, are very popular,
and if they are an organic part of the scenario, their
use cannot be rejected. Less attention has been
paid to the evaluation of digitisation in the context
of selection and especially thesauring processes.

A number of problems arise in the acquisition and
preservation of what is already digitally created - es-
pecially whether to consider these digitised objects
as regular collection objects recorded in the main
collections register.

The term digitisation itself is used somewhat incon-
sistently. In the field of museology, however, digitisa-
tion is mostly considered to be a form of visualisa-
tion of an object (a photograph, 3D projection, etc.)
accompanied by a text. The question of digitisation
raises a number of practical and theoretical prob-
lems. Apart from the technical equipment, there are
also issues of documentation and protection (pres-
ervation, including the quality of records, colours,
conversion between programmes, etc.) - everything
we digitise today will one day be incompatible with
any future software. Therefore, our actions should
be very deliberate, paying greater attention to the
problems of selection - how, what and according to
what criteria will be digitised. Moreover, we should
consider the answer to a seemingly simple question:
Why and for whom are we doing all this? What do
we want to achieve with digitisation?

Digitisation has a number of undeniable positives in
the internal workings of the institution. Through its
application, museums communicate better with each
other and with their researchers. If an object is sto-
len or destroyed, at least we are left with the basis
for creating a faithful replica, etc. Another important
area is the mobility of collections. Here too, digiti-
sation is a great help. The main aim of digitisation,
however, is to foster an educated and competitive
society, by making museum collections and the asso-
ciated knowledge system accessible to the public. To
achieve this, we must consider strict selection crite-

ria, a museological grasp of the subject, and probably
the inevitable centralization, conception, and coordi-
nation of our entire endeavour.?

Digitisation and Slovak museums

The Slovak Republic has been gradually adopting EU
legislation since the end of the 1990s as part of its
approximation with the European Union, including

in the field of informatisation and cultural heritage.
These efforts culminated in 2004, when the Slovak
Republic joined the European Union. The digitisation
process itself - the Digital Cultural Information Sys-
tem, later named SLOVAKIANA - started at the end
of 2007. The project involved the Slovak National
Library, the Slovak National Gallery, the Slovak Na-
tional Museum, the University Library in Bratislava,
the Slovak Film Institute, the Press Agency of the
Slovak Republic and the Monuments Office of the
Slovak Republic.3

Museums were the focus of the project “Digitisa-
tion of movable three-dimensional cultural objects
and conservation and restoration works” under the
Operational Programme Informatisation of Society
(OPIS), Priority Axis 2 (PO 2) - Development of mem-
ory and fund institutions and renewal of their nation-
al infrastructure, adopted by the Government of the
Slovak Republic in 2006 and approved in 2007.4 On
the basis of this document, support could be provid-
ed for informatisation projects from the Structural
Funds of the European Union. The OPIS document
defines the global objective, priority axes, measures
and activities that were supported in the years 2007-
2013. The main objective was to improve the quality
of systems for the acquisition, preservation and use
of knowledge and digital content, modernisation and
completion of the infrastructure of memory and fund
institutions at national level. This objective was to

be achieved through two measures: Improvement of
systems for the acquisition, processing and protec-
tion of content from the resources of the memory
and fund institution (MFI); and Digitisation of MFI
content, archiving and access to digital data.®

2 See: Doldk, J. (20m) Digitalizace sbirek z pohledu muzeologie. Muzea, autorsky zékon a digitalizace. Praha : Asociace muzei a galerii
Ceské republiky, pp. 74-78. Dolék, J. (2018) Shératelstvi a sbirkotvorné éinnost muzef. Bratislava: Univerzita Komenského, pp. 120-125.
* Antalik, P. (2009) Digitalny informaé&ny systém kultiry MK SR - SLOVAKIANA. In Sullové, Z. (ed.). Digitalizécia mizejnych zbierok: :

vizie a vychodiska, Kosice, pp. 7-10.

“Later, the project was supplemented by further regulations and additions, which partly changed its content and focus.
5 Sullov4, Z. (20m) Digitalizacia kultirneho dedigstva a STM. STM-AKTUALNE, pp. 2-3. Digitélne mizeum - o s digitdlnym obsahom

muzei? (2016) Banska Bystrica: Mizeum SNP, pp. 10-15.
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The project was implemented by the Slovak National
Uprising Museum® (Museum SNP) in Banska Bystrica
and its digitisation department; the Slovak Nation-

al Museum in Bratislava was the expert guarantor
through databases CEMUZ’ and ESEZ.® The project
involved a total of 31 Slovak museums and digitised
over 174,000 artefacts and 3,000 documents of
intangible cultural heritage. The digitisation was final-
ised in 2015 and cost almost 24 million euros.?

However, a thorough evaluation of most Slovak
digital projects has not yet been carried out. Some
believe that there is not enough culture for a lot of
money, others that the Digital Museum project lacks
a precise formulation of the objectives of the whole
action. Thus, it still leaves us with many issues to be
dealt with in the future, whether related to its useful-
ness, accessibility, practicality, or sustainability.

Digitisation and the Slovak
Technical Museum

Slovak Technical Museum (STM) also took part in this
project. Focusing on the documentation of science
and technology, it primarily collects larger and heavi-
er objects, which are difficult to store and manipu-
late (and thus digitise). Zuzana Sullovd, then Deputy
for Professional Activities, regularly informed about
the process of digitisation of collections from the
STM in the journal STM-AKTUALNE [STM - Current
Topics].©

The Slovak Technical Museum in KoSice digitised
3,064 artefacts - approximately 5% of the total
number of its collections (2309 accessible via Slo-
vakiana). The objects document, for example, the
history of metallurgy, mining, electrical engineering
and transport, including road and air transport. The
digital imaging of the collections was preceded by
professional treatment of all included items. This
process took over a year and the actual scanning
began on 30 October 2014 in converted museum
spaces - a part of the Geodesy and Cartography
exhibition turned into a preparation room, while the
process itself took place in the lecture hall, where

the robotic scanning technology was placed. The
actual process was carried out by the digitisation
teams from the Museum SNP. Coordination with the
individual curators provided the basis for the quali-
ty of the process." Different imaging methods were
used - from simple imaging, through planar imaging
of 2D and 3D objects to object panoramas.

Scanning was also carried out in other specialized
exhibitions of the STM. The time demand and the
desire to make the most of the digitisation tech-
nology led to the introduction of a 3-shift, 24-hour
operation. This process required consistent logistics,
coordination and administration of all processes.

Digitisation in numbers:”

Collection Selected [ Conservation
treatment

Astronomy 87 14
Aviation 301 57
Blacksmithing 149 21
Chemistry 88 13
Electro 276 12
Engineering 102 30
Geodesy 179 27
Industrial Design 152 1
Mining 66 9
Metallurgy 316 40
Office Machinery 281 70
and Polygraphy

Photography MM 204 28
Photography-cinema 410 41
Physics 91 20
Transport 121 o
Watchmaking 241 64
TOTAL 3064 447

¢ Slovak National Uprising (SNP) - military action of the domestic resistance against the Slovak government supporting Germany and
the Axis countries and as a defence against the German occupation army. It broke out on 29 August 1944 and was suppressed on 27

October 1944, switching to the guerrilla way of fighting.

7 CEMUZ - Central record of museum collections, a unified and comprehensive knowledge system of museums in the Slovak Republic;
ensures the preservation and accessibility of all relevant information related to museum collections. See: https://www.snm.sk/odborne-

pracoviska/muzeologicky-kabinet/cemuz

8 Information system ESEZ 4G - an electronic system in Slovak museums used for the management of collections. See: https://www.

snm.sk/odborne-pracoviska/muzeologicky-kabinet/cemuz

? Labani&, E. & Sullova, Z. (2017) Slovenské technické mazeum - ako ho (ne)pozndme. Muzea vedy a techniky. Zbierky dejin techniky

Ill. Kosice : STM, pp. 28-29.
© See bibliography.

n gullové, Z. (2015) Digitalizacia - Eéte stéle nie sme v cieli. STM—AKTUA,LNE, pp- 1-2.

2 |bid., pp. 1-2.



J.DOLAK / L. KACIREK / L. VARGOVA : DIGITISATION OF COLLECTIONS IN SLOVAK MUSEUMS 93

Digitisation of the transport
collection in the STM - Museum
of Transport

The Museum of Transport in Bratislava was estab-
lished in 1999 as a specialised branch of the Slovak
Technical Museum. Initially, it focused on road and
rail transport and the building of the transport col-
lection (DB-D). In 2015, after acquiring tugboat Stu-
rec, a separate collection of railway and water trans-
port (DB-Z) was established, dividing the collection
fund into road transport documentation, and rail and
water transport documentation. At present (end of
2024), the DB-D and DB-Z collections consist of 228
and 168 items respectively.

At the museum, the actual digitisation took place in
February 2015, focusing on the collections from the
field of road and rail transport. The most significant
digitised exhibits included prototypes produced in
the development centre of the Bratislava Automo-
bile Works (BAZ) in the 1980s: the Tatra 603 minibus,
the BAZ MNA 900 minibus, the BAZ SNA 4x2 Devin
|orry, the Skoda 762 B, the Skoda 742 Official and the
Skoda 743 Lucusta. Their production was suspended
due to the social changes at the end of the 1980s.
The BAZ itself disappeared when most of its factory
capacity was acquired by Volkswagen in 1991.%

Conclusion

The digitisation of museum collections brought forth
both positive and negative issues for Slovak muse-
ums. More attention was paid to selected objects
that have undergone basic treatment or restoration.
At the same time, the inadequate staffing of muse-
ums and the insufficient quality and equipment of
storage facilities became apparent. The digitised
objects should be made available on the national
web portal SLOVAKIANA.* However, only a fraction
of them is accessible here. Thus, the ambitions of
the project have not been truly fulfilled to this day.”
The Digital Museum project struggled to modernise
museum practices. Museums were supposed to use
the digitised copies in their own presentation activ-
ities, but the copyright issues between museums as
custodians of original collections, and the maker of
the digitised copies is still not legally settled. The
involved museums still lack direct access and control

over the digital content produced. The Slovakiana
platform’s results have fallen short of professional
expectations, and the original vision has not been
realized.”
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Between Real and Virtual
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Abstract

Science museums are vital places to shape understanding of the world and ourselves. Embodied dig-
ital design, combining reality and virtuality, provides a new key to enhance the audience’s experience
both on and off the site. On the site, embodied digitalization is deployed during exhibitions’ design. To
build more accessible experiences, Guangdong Science Center has balanced between physical and
virtual technologies in exhibits’ design to achieve a continuum from physical to digital interaction. Off
the site, to initiate the encounter between museum and audience, GDSC has cultivated a media matrix
to extend multiple audiences. For the public who want to explore in depth but do not have the op-
portunity to visit, more online course resources are also provided, including at-home science course,
videos, lectures, etc., to establish a communication channel between the public, experts and museum
educators.
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Science museums are vital places to shape under-
standing of the world and ourselves. Exhibits are the
blocks constructing the display content and connota-
tion of science museums. Compared with textbooks
(in the formal education field) transmitting the dis-
embodied knowledge and methodology, exhibits (in
the informal education field) simulate the embodied
sensory experience of the real world and stimulate
the audience’s curiosity to explore the principles
behind the phenomena. Fully demonstrating science
museums’ informal science education features and
functions, exhibits become the hard core of science
museums and builds the essence of science muse-
ums, in this sense, each exhibit’s birth revitalizes and
continues its museum’s life. As an object-in-itself,
exhibit should be self-evident to attract the audience
on the site, and for audiences off the site, it is neces-
sary to initiate the encounter between exhibition and
audience by mass media. Embodied digital design,
combining reality and virtuality, provides the new key
to enhance the audience’s exhibit experience both
on and off the site.

Embodied Digitalization Design
On the site

Embodied digitalization is deployed during exhibi-
tion's design. Physical display alone is disadvanta-
geous in conveying enough amount of information,
while virtual display is difficult to achieve the effect
of real experience. To build more accessible experi-
ences, Guangdong Science Center (GDSC) has bal-
anced between physical and virtual technologies in
exhibits’ design to achieve a continuum from physical
to digital interaction.

Combining physical interactive devices, scenes,
props, etc. with various technical means derived
from multimedia technology, it provides a compre-
hensive display technology that integrates ,real” and
wirtual“ demonstration and experience effects for
the display content. Compared with other kinds of
display (physical objects, models, scenes, graphic
versions; simple mechanical interactive facilities;
mechatronics interactive facilities; theater, film and
television, multimedia, etc.), this kind of display tech-
nology has the advantages of convenient content
display, rich information expression, easily editable
and strong interactivity.

Combined types of physical+virtual display means
including “special-shaped white model+3D projec-
tion”, “physical props+transparent screen”, “VR/AR/
MR” are deployed in recent years’ exhibitions such
as Guangdong Food and Drug Experience Hall(2022
CIMUSET Award Nominated).

1.1 Physical interactive installation+display
screen/projection

This kind of technology form is to use the physical
interactive device as the operation experience end,
and the display screen/projection as the information
display end of the virtual results produced by the
operation experience, and the two are combined
into a complete interactive exhibit to realize the
demonstration and experience function of virtual
and real integration. For example, in the exhibition
“Approaching Pharmaceutical Production Line”,

the audience can experience the pharmaceutical
production process of material selection, crushing,
mixing, granulation, tableting, coating, inspection and
packaging by pressing buttons, turning hand wheels,
wrenches and other operation modes acting on
physical interactive devices, triggering dynamic mod-
els/displays, simulating the specific pharmaceutical
production process.

The pharmaceutical tablet model is located in the
center of the exhibit, surrounded by 6 groups of
interactive devices for drug production process,
including crushing, mixing, granulating, tableting,
coating, inspection and packaging, and the 6 groups
of interactive devices are connected to each other
through transparent pipes, and are surrounded by
the tablet model in the order of the production
process, simulating the production line of drug
production.

Fig. 1. “Approaching Pharmaceutical Production Line” exhibit
(photo by the author)
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Fig. 2. "Medicine’ Journey inside the Human Body" exhibit
(photo by the author)

1.2 Special-shaped white model+3D projection
This kind of technology is in the form of 3D MAP-
PING technology on the special-shaped surface of
the white solid model, using 3D MAPPING technolo-
gy to project pictures and images, forming a demon-
stration effect that integrates realistic thinking and
dream vision. For example, medicines’ mechanisms
inside the human body are abstract and difficult to
be understand by conventional display, the exhibit
“Medicine’ Journey inside the Human Body” pres-

ents an intuitive and vivid demonstration effect
through the combination of human body models and
special-shaped surface projection images, allowing
the audience to understand and learn the common
dosage forms of medicines and the mechanism of
their efficacy.

The human body model is a 3D solid model with a
double-layered structure. The inner layer is the main
organs of the human body, such as stomach, kidney,
intestine, etc., as well as the shape of nerves, mus-
cles, and blood vessels, which is a special-shaped dis-
play surface, demonstrating the circulation pathways
of medicines in the body and images of their effects.

1.3 Scene Modeling + Phantom Imaging /
Holographic Projection

This kind of technical form is based on the combina-
tion of optical imaging of “real scene modeling” and
“phantom”, and the captured images (people, ob-
jects) are projected into the main model landscape
in the set box, and the development process of the
story is interpreted. For example, the “The Discovery
of Artemisinin” exhibit shows the process of discov-
ering artemisinin and the extraction method and
principle of artemisinin led by Tu Youyou, a Chinese
pharmacologist and Nobel laureate in physiology or
medicine, through a phantom imaging system and
experimental miniature scenes.

The phantom box contains experimental miniature
models and phantom devices. Press the button to
activate the phantom in the viewing box, and use
virtual animation and model to show the experimen-
tal scene of scientists extracting artemisinin, so that
the audience can understand the discovery process
of artemisinin, the extraction method and principle
of artemisinin, and the change of malaria death curve
after the discovery of artemisinin.

Fig. 3. “The Discovery of Artemisinin” exhibit (photo by the author)
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Fig. 4. WeChat Online Game “5 Characteristics’ Exploration Journey” (Source: GDSC'’s official WeChat account)

Embodied Digitalization Design
Off the site

To initiate the off the site encounter between mu-
seum and audience, GDSC has cultivated a media
matrix to extend multiple audiences. In 2021, GDSC
set up a science popularization integration studio
and gradually created a science popularization media
platform integrating planning, collection, editing and
distribution. Up to now, GDSC has built more than 10
self-owned media platforms such as the official web-
site, the WeChat official account, the video account,
Tik-Tok, microblog and the applet, publishing more
than 10,000 pieces of popular science information
and more than 1 million fans on the platform.

Embodied digitalization is also the principle guiding
us to develop the medias’ integration online resourc-
es which function as a link between the physical
venue and its virtual derivatives. For example, on our
WeChat account, we designed a mobile game which
is based on the 5 excellent qualities of scientists:
curiosity, confidence, patience, carefulness, and per-
severance. There are 5 tasks and each is related to
the content of one GDSC'’s gallery. After the player
completes all the tasks, they can check the rankings
and get digital collection rewards. Through games,
the audience can understand the content of the ex-
hibition hall in advance and stimulate the interest of
offline visits.

For the public who want to explore in depth but do
not have the opportunity to visit, more online course
resources are also provided, including at-home
science course, videos, lectures, etc., to establish a
communication channel between the public, experts
and museum educators.

For instance, the “Learn Science with Famous Teach-
ers” is a popular science research course jointly
created by GDSC and famous teachers of primary
and secondary schools in Guangzhou, and carefully
developed to carry out in-depth exploration based
on the exhibits of the venue.

It is presented through a combination of “online
‘cloud’ school and offline inquiry class”. Online,
famous teachers from science and education vividly
explain the scientific mysteries behind the exhibits
of the Science Center; Offline, the science tutors of
GDSC guide the research and exploration activities.
This series of courses combines students’ cognitive
level and skillfully guides them to open a new way
to learning science, so as to better cultivate young
people’s scientific inquiry ability, innovative thinking
and hands-on ability.

In the daily operation and management, GDSC also
used MES display item system for daily maintenance
of the exhibition. The system has detailed and accu-
rate recording, able to track maintenance progress
and is functioned for maintenance supervision. The
process goes as follows: our customer service staff
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submits a maintenance request, and maintenance
personnel receive the request, then take the deci-
sion either accept the maintenance immediately, or
ask the group leader to send an order. In the repair
stage, further decision on whether the exhibits need
major repair or accessories purchasing is made, and
when the maintenance is completed, the system re-
cords the content. Take Food and Drug Exploration
Hall for example, it has a total of 109 display con-
tents, by using MES display item system, the average
completion rate in 2023 is as high as 92.53%, while
the average opening rate is 99.29%.

To sum up, In line with the emerging theory of em-
bodied cognition as well as other advanced science
education trends, GDSC has developed its own
exhibit design and science communication principle
balancing between real and virtual to both respond
to the needs and face the challenge of the digital
era, willing to share and learn from other science
museums around the world.
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Digital and screenless

The Compass, a portable experience in a science exhibition
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Abstract

For its 2023 exhibition, Explorer I'infiniment ...(Explore the infinitely...), the musée des Arts et Métiers
wanted its visitors to become explorers themselves. Combining a treasure hunt with RFID technology,
the team created the Compass, a nomadic and screenless experience closely integrated into the
scenography and using the items on display as findings in a visitor-centered exploration journey.

This device was the keystone of an interpretive strategy that aimed to place the visitors in an active
position through their visits and to approach exploration as a dynamic experience. The Compass also
drew on popular culture and offered a Pokémon look-alike keepsake, in an attempt to help its younger
audiences connect with a complex topic.
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Explorer l'infiniment... or how to
bring the visitors close to the
edges of exploration

In 2023, the musée des Arts et Métiers in Paris
opened its yearly exhibition, Explorer l'infiniment
... (Explore the infinitely ...), dedicated to the explo-
ration of extreme environments and how science
and technique helped us overcome the difficulties
of these complex worlds (Fig. 1). The exhibition was
divided into 5 sections: the poles, the abysses, ex-
ploring time, particle physics and Beyond the Moon.
There were 120 items, from a kayak to a neutrino
telescope, deep-sea fishes like the abyssobrotulae
galathea and Cassini's 1679 map of the Moon.

Most of the objects and ideas shown in the exhibi-
tion were unfamiliar to our general audience. We
used interpretive devices to help them tackle diffi-
cult concepts like the Standard Model or carbon-14
dating and obscure natural phenomena like underwa-
ter hydrothermal vents. The devices were also there
to keep our visitors entertained and awake through
a rather quite dense exhibition. By searching into a
giant sandbox or driving with a joystick a submarine
in the Marianna Trench, we maximized the chances
to see our public going through the entire exhibition
without feeling bored or lost. Interpretive devices
are also a great way to make sure that our core au-
dience, families with young kids, can go through the
visit with enough accessible content, especially con-
tent that it is not based on reading.

But these devices and displays were immovable.
We wanted to add a moving one, something you can
keep with you during your visit, like a leaflet or an
audio guide, but different, of course.

From an exhibition on explorers to
becoming the explorers

The musée des Arts et Métiers wanted its visitors to
become explorers themselves. We sought a device
that would encourage visitors to wander through the
rooms, to search carefully for clues and to look upon
the items on display with a fueled curiosity. In a way,
to explore the exhibition beyond the traditional vis-
iting stance. One idea was to create a treasure hunt
throughout the exhibition but one where you would
choose what you keep according to what you have
seen and prefer in the exhibition. Thus, we wanted
to work around the notion of collecting: what you
chose, what you bring with you... The device would
then work both as an entertainment tool and as a
way to experience the same choices and questioning
explorers face.

Choosing what you like meant that the result would
display the choices made during the visit. So each
visitor would get a personalized outcome that would
reflect their journey and make the experience some-
thing special and unique.

The shopping list was there: the device had to be
nomad so it can be moved around the exhibition, dis-
crete so you can still enjoy your visit without feeling
overwhelmed, robust and complex enough to offer a
personalized ending to each visitor. A digital solution
was necessary to fulfill these requirements, especial-
ly the personalized part, as we did not want to em-
phasize the already numerous presence of screens in
the exhibition.

Fig. 1. view of the exhibition Explorer... I'infiniment,
© Musée des Arts et Métiers - Le Cham / photo Franck Botté
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Figu. 2. the Pokémon-inspired card with a sort of marine
sponge © Musée des Arts et Métiers - Ely Bessis

Creating the hunt... and the
treasure

We wanted something accumulative, something that
you build gradually during your visit, but how the
collected elements would create a result that would
make sense and be consistent? We needed to think
about what was at the end of the display, what the
visitors would arrive at and how they could find out
about their exploration and the choices they made.
There were two possibilities: mix or combine. You
can mix all the elements to create something entirely
new, like a cake recipe so the more choices you have,
the more recipes you can get. Or you can create a
system where each answer has a specific place in
your result and you combine them to create some-
thing where you can still see each original element,
like a Potato Head. We have learned, from past expe-
riences that the mix solution is way more expensive,
as you have to create a visual for each possible result
and we wanted to have almost a dozen elements to
collect which would have ended up needing more
than a thousand possible outcomes. So we went

the other way.

We first thought of an instrument or an exploration
vehicle. You would collect the different parts during

your visit and assemble your own machine at the
end. It was logical in our technology museum to have
a technical item centered solution but the themes

of the exhibition were too different for us to create
something plausible and we could not really wrap
our minds around this idea. We then thought that the
result could be a specimen, as we displayed several
ones, loans from the National Museum of Natural
History, in the exhibition which is unusual for us. The
characteristics of the creature would be defined by
what visitors would gather and we could fit the dif-
ferent themes of the exhibition (polar, ocean, past,
subatomic world, space). It seems a little bit challeng-
ing to assemble various information from different
backgrounds around one creature. Until we found
the solution: creating our own customized Pokémon
cards.

Pokémon cards felt like the perfect medium for this
device. You can assemble different information with-
out them interfering, like a mosaic so it would work
with combinatory system we imagined. You can have
both texts and images and therefore distinguish dif-
ferent type of content. As an ID-card, there is room
for numerous technical or scientific information like
weight, size, age, and strength...information that can
be scattered around the exhibition to be collected
by visitors. And it is a very popular object, familiar to
a wide range of visitors, which would help make the
result desirable (Fig. 2).

RFID or how to hide technology
and keep the magic

Once we knew what the outcome of the exhibit
would be, we looked for a technical solution that
would allow such a nomad and personalized expe-
rience to take place. As there were already several
screens in the exhibition and we did not want to add
new ones, whether it would have been the visitors’
smartphones or screens inside the scenography. All
this led up to embrace a RFID (radio frequency iden-
tification) based solution, a light and mobile tech-
nology with no screen interaction needed, that can
be discreetly integrated in the scenography while
embedding a complex programing. RFID works with
a label known as a tag, which includes an antenna
and a microchip. When you approach the label with
an RFID reader, it sends an electromagnetic signal
carrying information to the tag. You do not need to
push any button or do anything more than get your
tag close to a reader. When the reader sends infor-
mation to the tag, a little LED lights up to let the
visitor know that their choice has been recorded.
This technology allowed us to create a device both
complex and easy to handle. To enhance the immer-
sive side, the “let’'s become explorers”, we inserted
the RFID tag inside 3D-printed token that looked like
a compass (Fig. 3).
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Fig. 3. 3D-printed compasses with RFID tag inside, the compasses
are given to young visitors at the front desk without an additional
fee. ® Musée des Arts et Métiers - Anais Raynaud

To make sure our visitors can see the result of their
exploration, we put a printing station as the last point
of interest, at the end of the exhibition. We chose
the on-site printing solution over the email one
because we did not want the result to sink into the
depths of our endless mailboxes and also because a
Pokémon card is a fun thing to have with you, not just
to look at. It acts as a keepsake and a communication
tool for the museum, especially as the verso of the
card was printed with the exhibition poster. Printing
the result on site also allowed children to complete
the activity without the help of an adult filling out an
email address for them.

Simple to use and offering a little surprise at the end,
revealed “just like magic”, the compass offers a great
visitor service while ensuring that the exhibition is
really looked at and explored. It helped us bring our
visitors closer to the content of the exhibition by
inviting them to not only see and learn about great
stories of exploration and discoveries, but somehow
to be a part of the adventure themselves.
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Introduction

Museums play a vital role in preserving heritage,
educating the public, and inspiring communities.
Traditionally, they offer physical spaces to explore
art, history, and science, but digital technology has
introduced a new dimension, the virtual museum.
These platforms transcend geographical and physical
barriers, allowing a vast audience to access collec-
tions anytime and anywhere. Beyond accessibility,
they enhance education through interactive tools
and support preservation by creating lasting digital
archives. However, challenges such as limited inclu-
sivity, high technological costs, and the unique value
of real-life encounters remain.

Definition of Museum

A museum is a not-for-profit, permanent institution
in the service of society that researches, collects,
conserves, interprets and exhibits tangible and in-
tangible heritage. Open to the public, accessible and
inclusive, museums foster diversity and sustainability.
They operate and communicate ethically, profession-
ally and with the participation of communities, of-
fering varied experiences for education, enjoyment,
reflection and knowledge sharing.

Virtual Museum

A virtual museum is a collection of digitally recorded
images, sound files, text documents and other data
of historical, scientific or cultural interest that are
accessed through electronic media.

Virtual Museums: Revolution in
Cultural Access and Preservation:

In a time when digital transformation is reshaping
every aspect of life, virtual museums have emerged
as a groundbreaking innovation in the preservation
of cultural heritage and the advancement of educa-
tion. These digital platforms offer a novel approach
to experiencing and interacting with art, history and
science.

Benefits of Virtual Museums:

a) Increased Accessibility: One of the most signif-
icant advantages of virtual museums is their ability
to make cultural content accessible to a global au-

dience. Physical museums are often limited by geo-
graphical location, physical space and accessibility
issues. Virtual museums transcend these barriers,

allowing anyone with an internet connection to ex-

plore exhibits from anywhere in the world. This de-
mocratization of access is particularly beneficial for
individuals who are unable to travel due to physical,
financial or logistical constraints.

b) Enhanced Educational Opportunities: Virtual
museums offer interactive and multimedia-rich
experiences that can enhance learning. On the
other hand, traditional museum visits, where

the educational experience might be limited to
physical displays and static text, virtual museums
can integrate video, audio and interactive elements.
For educators, virtual museums offer a versatile
tool for teaching complex subjects in an engaging
and accessible manner.

c) Preservation and Conservation: Digital technolo-
gies play a significant role in the preservation of cul-
tural artifacts. Virtual museums can create high-reso-
lution digital archives, especially for collections that
are rare, unique, extremely fragile, or susceptible

to degradation over time, ensuring that even if the
physical item is lost or damaged, its digital counter-
part remains accessible.

d) Cost-Effectiveness: Operating a physical muse-
um involves significant expenses related to building
maintenance, staff salaries, security etc. whereas
virtual museums can be more economical in terms
of overhead. They can also reach a larger audience
without the need for physical space and associated
logistical challenges.

Challenges and Limitations

a) Despite their many benefits, virtual museums
face several challenges. One primary concern is the
digital divide: not everyone has equal access to high-
speed internet or advanced technology, which can
limit the reach and inclusivity of virtual museums.
Additionally, the experience of interacting with a
physical object is inherently different from engaging
with a digital representation. Virtual museums can-
not fully replicate the emotional impact of viewing
artifacts in person.

b) Another challenge is the need for substantial re-
sources to create and maintain high-quality virtual
exhibits. Developing detailed 3D models, integrating
interactive elements and ensuring a user-friendly in-
terface require expertise and investment. Moreover,
virtual museums must continuously update their con-
tent and technology to keep up with advancements
and user expectations.

c) Lastly, if visitors can experience exhibits virtually
from their homes, they might be less inclined to
visit museums in person. This could impact museums
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financially, because most museums rely on ticket
sales.

Health and Safety Concerns

There are also health and safety concerns associat-
ed with the prolonged use of VR. Issues such as eye
strain, headaches and physical discomfort from wear-
ing headsets are common complaints. Ensuring that
VR stations are regularly sanitized and that visitors
are informed about potential health risks is essential,
especially in a post-pandemic world where hygiene
has become a significant concern.

The Future of Virtual Museums

The future of virtual museums holds exciting possi-
bilities. As technology continues to advance, virtual
museums will likely become even more immersive
and interactive. Innovations such as Al-driven per-
sonalized experiences, more sophisticated VR en-
vironments, and enhanced AR applications could
further enrich the virtual museum experience.
Collaboration between institutions/countries and
technology developers will be crucial in addressing
current limitations and expanding the potential of
virtual museums.

Experience of the Virtual Museum
at NMST, Dhaka

National Museum of Science & Technology (NMST),
Dhaka, Bangladesh has recently transformed its gal-
leries to offer virtual gallery visits alongside its physi-
cal exhibitions. But the number of people visiting the
virtual gallery is much lower compared to physical
visits. To date, less than 2000 people have visited
the museum virtually in the last 20 months, while on
average about 400 people visit the museum physi-
cally each day.

Conclusion

Virtual museums can break down geographical and
physical barriers, enhance educational opportunities
and contribute to the preservation of artifacts, offer-
ing a transformative approach to engaging with art,
history, and science.
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Abstract

This paper explores the evolving roles of science museums and science and technology centers
(sci-tech centers) as they shift toward inclusivity and participation. Historically rooted in top-down,
object-centered practices, these institutions are now embracing more democratic and community-
oriented approaches. The transformation is driven by five key dimensions: diverse representation,
interactive learning, community involvement, accessibility, and collaborative opportunities. Museums
are reimagined not as formal “dining rooms” where content is passively consumed, but as “kitchens”
of shared production, where diverse audiences co-create knowledge and meaning. Emphasizing the
importance of digital accessibility, the study highlights how museums must ensure that their digital
content is usable and engaging for all audiences, including those with disabilities. Outreach programs,
citizen science initiatives, and participatory exhibit design all contribute to deeper community engage-
ment and inclusivity. The paper draws on global examples and key scholarship, including works by
Nina Simon, Kenneth Hudson, and Christine Litz, to illustrate how participatory and accessible
practices redefine the museum as a socially responsive institution. Ultimately, the study argues that
inclusivity and participation are not mere enhancements, but foundational shifts requiring ethical,
epistemological, and practical changes in how museums operate. By fostering active collaboration and
embracing digital and physical accessibility, science museums can fulfill their potential as platforms
for civic engagement, lifelong learning, and social transformation.
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Introduction

Over the past few decades, science museums and
science and technology centers (sci-tech centers)
have undergone significant transformations in how
they conceptualize their role within society. No lon-
ger merely temples of knowledge or repositories of
scientific artifacts, these institutions have increasing-
ly embraced the challenges of democratization, in-
clusivity, and participation. This shift reflects broader
changes in museological thinking, as well as growing
public demands for more accessible, engaging, and
socially responsive spaces of learning. The redef-
inition of science museums from passive, didactic
institutions into dynamic environments for dialogue,
co-creation, and civic engagement has marked a sub-
stantial paradigm shift that aligns closely with con-
temporary values of equity and social justice (Falk &
Dierking, 2013; Dawson, 2014).

Traditionally, science museums were designed
around a one-way transmission model in which ex-
perts presented facts to a lay audience, often assum-
ing a homogeneous visitor base. However, this model
has been widely critiqued for its exclusivity, both in
terms of whose knowledge is represented and who
feels welcomed or empowered to participate. In re-
sponse, many institutions have begun to adopt more
participatory practices, involving communities in the
development of exhibits, integrating diverse cultural
perspectives, and designing programs that cater to
underrepresented groups such as women, ethnic
minorities, people with disabilities, and those from
socioeconomically disadvantaged backgrounds
(Simon, 2010; de Oliveira and Bizerra, 2024).

As Tilli (2008) says the notion of inclusivity has also
expanded beyond physical accessibility to encom-
pass cognitive, emotional, and cultural dimensions
of engagement. Sci-tech centers, in particular, are
increasingly seen as potential platforms for fostering
dialogue about science in society, addressing global
challenges such as climate change, health crises, and
technological ethics. This requires a shift not only

in institutional policy but also in the epistemological
frameworks through which science is communicated.
As this paper will explore, the evolving paradigms of
inclusivity and participation are not merely enhance-
ments to existing practices—they represent a funda-
mental reimagining of the mission, design, and social
function of science museums and sci-tech centers.
Understanding these shifts is critical for develop-
ing more equitable and responsive institutions that
serve the diverse publics of the 21st century.

Museums and the community

Museums are gaining popularity in terms of offering
content-rich home entertainment. Museums have
edutaintment centers since the millennium. These
institutions tell a lot and have changed many things
in people’s lives. Kenneth Hudson said ‘The museum
refuses to stand still’and with the support and belief
of all the museum professionals around the world
(Hudson, 1998). Hudson emphasizes that museums
are “actively rejecting pressures to remain static”,
reshaping themselves to meet contemporary soci-
etal demands. He argued that museums have trans-
formed dramatically over the decades—from being
simple repositories of objects to becoming respon-
sive platforms that reflect national identities, social
issues, and community engagement.

Tips on how to succeed in a museum have been
shared through various best practices by including
community work, emphasizing educational activi-
ties, and addressing visitor needs, but they are es-
pecially prominent in the latest museum definition
announced by ICOM in 2022. “A museum is a not-for-
profit, permanent institution in the service of society
that researches, collects, conserves, interprets and
exhibits tangible and intangible heritage. Open to
the public, accessible and inclusive, museums foster
diversity and sustainability. They operate and com-
municate ethically, professionally and with the partic-
ipation of communities, offering varied experiences
for education, enjoyment, reflection and knowledge

sharing.” (ICOM, 2022).

Making museums more inclusive involves creating

an environment where everyone feels welcome,
respected, and valued. This encompasses not just
physical accessibility but also cultural, social, and in-
tellectual inclusivity. It is crucial for making museums
more relevant and engaging to diverse audiences.
Traditionally, science museums have often been per-
ceived as spaces for passive learning, where visitors
observe and listen. But they first started participa-
tory activities for diverse sections of society. Nina
Simon wrote the book “The Participatory Museum” it
is a practical guide to working with community mem-
bers and visitors to make cultural institutions more
dynamic, relevant, essential places (Simon, 2010).
Basically, the shift towards inclusivity and
participation initially emphasizes: Diverse Represen-
tation, Interactive Learning, Community Involvement,
Accessibility and Collaborative Opportunities.

The shift towards inclusivity and participation in
science museums and sci-tech centers is driven by
a critical need to reimagine these spaces as open,
equitable, and socially responsive institutions.
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This transformation begins with diverse representa-
tion, ensuring that the narratives, exhibits, and staff
reflect the wide array of identities, experiences,
and perspectives within society. Rather than pre-
senting science as a neutral, universal endeavor,
museums now seek to highlight historically margin-
alized voices, such as those of women, Indigenous
peoples, and other underrepresented groups in

STEM fields.

Interactive learning is another cornerstone of this
paradigm shift. Traditional, text-heavy displays are
being replaced with hands-on exhibits, digital inter-
faces, and participatory experiences that encourage
visitors to engage actively with content. This ap-
proach not only increases retention and comprehen-
sion but also fosters a sense of personal connection
and agency in the learning process. The third key di-
mension is community involvement, where museums
collaborate with local groups in curating content,
co-designing exhibits, and developing outreach ini-
tiatives. This participatory model strengthens public
trust and transforms museums into platforms for
dialogue and mutual learning. Accessibility, in both
physical and intellectual terms, is essential to
inclusive museum practice. Institutions are now
prioritizing barrier-free entry, inclusive language,
sensory-friendly experiences, and materials avail-
able in multiple languages and formats. These
efforts ensure that visitors of all ages, abilities, and
backgrounds can engage meaningfully with museum
content. Collaborative opportunities expand partic-
ipation beyond the museum walls, involving schools,
universities, NGOs, and civic bodies in co-creating
educational and community-based projects. Through
such collaborations, science museums and centers
become dynamic hubs that not only communicate
scientific knowledge but also empower visitors to
contribute to shaping its meanings and applications

(Dita & Sekar, 2021).

Participatory practices in the museum setting validate
visitors’ contributions, feelings, thoughts, reactions,
and emotions, which, in turn, confirms the significance
of visitors’ affective experiences. Participation in mu-
seums starts by asking visitors questions or by asking
them to participate in certain activities that require
their input in relation to science objects in the gal-
leries, visitors are notified that their reactions to or
experiences of museum objects are valid. Accessibility
is making sure that all aspects of the museum, from
physical spaces to digital resources, are accessible

to people with various disabilities and needs. Acces-
sibility also concerns inclusion. They are crucial and
evolving topics in museums. Accessibility refers to
making museum content and experiences usable by
all people, regardless of their abilities or disabilities.
Inclusion means ensuring that diverse audiences feel

welcome and valued in museum spaces, both physical
and digital (Starr, 2016).

Community Involvement, Inclusion and
Participation

Museums are increasingly engaging communities

in the development of exhibits and programs. This
approach ensures that the museum’s offerings are
relevant to the interests and needs of the community
(West, 2013).

An outreach event of a museum is an initiative
designed to engage with communities outside the
museum’s physical location. These events aim to ex-
tend the museum’s educational, cultural, and social
impact to a broader audience, often reaching people
who might not typically visit the museum. Outreach
events can include traveling exhibitions, workshops,
lectures, and interactive programs held at schools,
community centers, or public spaces. The goal is to
make the museum'’s resources and expertise acces-
sible to a wider public, fostering greater awareness
and appreciation of the museum’s mission and
collections.

Citizen science has grown as a form of public en-
gagement in science. Middle-aged citizens who are
already consuming scientific information should be
a potential outreach group. Citizen science is a form
of scientific research or data collection that involves
members of the general public, often non-profes-
sionals, contributing to scientific projects. These
volunteers help scientists collect data, make obser-
vations, analyze results, or even co-create research
questions. Ballard et al. (2017), emphasizes that nat-
ural history museums (NHMs), with their extensive
collections, scientific expertise, and public trust,

are well-positioned to bridge conservation science
and public education through citizen science. While
NHM-based citizen science programs have expand-
ed in recent years—building on a long tradition of
amateur naturalist involvement—their conservation
impact has not been systematically compared. Their
study examines 44 citizen science programs from
three NHMs (in the UK and US) to evaluate their
contributions to conservation. The findings show that
these programs support conservation both directly
(e.g., species and habitat management) and indirectly
(e.g., research, education, and policy influence)
(Ballard et al. 2017).

Digital Accessibility and participation

Digital accessibility refers to the practice of designing
and developing digital content, tools, and technologies
in a way that ensures they can be used by all individu-
als, including those with disabilities. This encompasses
websites, mobile apps, software, digital documents,
and multimedia content (Lisney et. al, 2013).
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Digital accessibility has become a critical priority for
museums in the 21st century, both as a legal obliga-
tion and an ethical commitment. In many countries,
such as the United States, laws like the Americans
with Disabilities Act (ADA) mandate that digital con-
tent must be accessible to people with disabilities.
Ethically, museums bear the responsibility to ensure
that all individuals—regardless of their physical or
cognitive abilities—can access and benefit from their
resources and services. Beyond legal compliance,
digital accessibility significantly broadens a museum's
audience reach. It enables access for people who
may be unable to visit in person due to physical lim-
itations, geographic distance, or financial constraints.
Moreover, accessible digital content—such as
screen-reader-friendly websites, captions on videos,
and easy-to-navigate virtual exhibitions—enhances
the overall visitor experience for everyone. By pri-
oritizing inclusive design and technology, museums
can create more meaningful, equitable, and engaging
experiences that reflect their commitment to serving
diverse publics.

However, museums must consider that they face
challenges when using technological/digital acces-
sibility and participation tools, such as technical
barriers, resource allocation, awareness and training,
adopting standards, user-centered design, inclusive
content and technology use. As Kidd (2017) states
the ethics of digital museum accessibility involve
several key principles aimed at ensuring that digital
resources and experiences are inclusive and equita-
ble. Here are some core aspects: inclusivity, equity,
privacy, transparency, user-centered design, continu-
ous improvement and cultural sensitivity.

Conclusion

The transformation of science museums and science
and technology centers into inclusive, participatory,
and community-centered spaces reflects a broader
shift in contemporary museology. As this paper has
demonstrated, institutions are increasingly moving
beyond traditional, object-focused and didactic
models to embrace a more dynamic and socially re-
sponsive approach. The integration of participatory
practices, such as community co-curation, citizen
science initiatives, and outreach programs, ensures
that museums not only serve their audiences but
actively engage with them as collaborators and
knowledge producers. These efforts enhance public
trust and make science more accessible and relevant
to diverse communities. Digital accessibility emerges
as both a necessity and an opportunity within this
transformation. By ensuring that digital content is
designed with inclusivity in mind—from virtual tours

and e-learning modules to social media and online
collections—museums can reach audiences beyond
their physical walls and remove barriers to participa-
tion. However, embracing digital tools also requires a
strong ethical framework and attention to user-cen-
tered design, technical infrastructure, and inclusive
content creation.

Ultimately, inclusivity and participation are not iso-
lated strategies but interwoven commitments that
demand structural, epistemological, and operational
shifts. As Kenneth Hudson noted, “The museum
refuses to stand still”; in today’s context, this means
continuously evolving to reflect the needs, voices,
and aspirations of a pluralistic society. By fostering
environments that are inclusive, participatory, and
digitally accessible, science museums and sci-tech
centers can redefine their social role—serving not
only as places of learning, but also as platforms for
civic engagement, social justice, and collaborative
knowledge-making. The future of museums lies in
their ability to co-create with their communities and
to remain responsive, ethical, and inclusive in both
physical and digital realms.

It should be remembered that Litz (2017) argues that
museums must continually reinvent themselves to
remain relevant in a non-static future. She vividly
contrasts the “Dining Room” museum—where every-
thing is formally arranged and visitors are passive—
with a “Kitchen” museum: an open, co-creative space
where participants bring ideas, ingredients, and skills
to cook up experiences together. Litz urges that
imagining museums as kitchens compels institutions
to rethink their role: from serving polished experi-
ences to catalyzing communal creation, dialogue, and
innovation. Since this paper appears in the collection
Museum Futures, the kitchen metaphor forms a cor-
nerstone of contemporary museological discourse.
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Collecting The Digital
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This essay is a slightly expanded and linearized version of my keynote of the same name presented at
CIMUSET, 3 September 2024, at the Vienna Museum of Science and Technology.
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The Rhizome Condition

The following article proposes how digital art and
culture can be meaningfully and sustainably col-
lected and preserved in an institutional context.
Discussed are the role of an institution’s mission, the
communities it interacts with, and the required infra-
structure.

This is written from my perspective and experi-

ence as the Preservation Director of Rhizome, a
non-profit arts organization founded by the artist
Mark Tribe as an email list in 1996. Already in 1999
the archive-slash-collection ArtBase was launched,
which today contains more than 2000 works - a lot
of internet art, software art, some games and general
digital culture items, such as excerpts of social media
profiles, etc. These works are frequently displayed

in online exhibitions and in physical space, Rhizome
strives to keep them accessible on the web at any
time.

While Rhizome's headquarters are located in New
York, operations are rather distributed with the team
spread across the US and Europe. Rhizome's digital
infrastructure is located on public cloud services;
there is very little room to store and maintain com-
puter hardware, peripherals, or any other type of
equipment. Rhizome's permanency is mostly manifest
online and in its digital collection.

Rhizome partners with and provides consulting and
services to estates, collectors, and larger institutions,
such as art and technology museums, among them
the Walker Art Center in Minneapolis, The Whitney
in New York, ZKM in Karlsruhe, and the Vienna Mu-
seum Of Science And Technology.

With its roots in the media art community reaching
back into the 1990s and its strong digital focus, Rhi-
zome can serve as an illustrative example about what
can be considered “special” about operating a mem-
ory institution for digital culture, at this point in time.
Hopefully some of the ideas presented are helpful
for existing institutions that want to expand their
collection practice to digital items, and perhaps even
for new institutions dedicated to digital culture. You,
dear reader, are always welcome to get in touch via
the website https://rhizome.org/ to discuss further.

“The digital” and “complexity”

Approaching “the digital” from a perspective of col-
lection, memory, or any kind of continuity appears
challenging. How can “slow” institutions cope with
the constantly changing, “fast” landscape of online

trends, apps, social media, “Al,” and whatever else
might be happening at the moment? On top of that,
any of these phenomena are technically and socially
dependent on each other, yet those dependencies
are in constant flux as well.

This is all true and not true at the same time. Indeed
the number of things that can be done with comput-
ers and networks approach infinity, entities produc-
ing these things hardly even understand how they
work exactly, everything happening on a computer
might go differently the next time you try it, and the
future, apart from the need to pay your Microsoft
365 subscription fee, seems uncertain in general.
However, that is less an indicator for unmanageable
chaos, but a clear mandate to make decisions about
what digital collecting and memory should meanin a
particular (institutional) context.

Depending on what goals should be achieved with
collecting digital items, capacity and relationships
need to be built inside and outside an institution.
When engaging with this field most institutions will
find themselves in a set of default relationships

and having access to some kind of existing capac-
ity, bringing with them a set of assumptions. In the
following sections, | want to examine and reflect on
them from Rhizome's point of view and decade-long
learnings, and note possible alternatives.

Everything is software

As a ground rule | want to propose that everything
digital is software. Simple files, such as JPEG images,
websites that are made of multiple “files” and run-
ning programs, an artistic video game, or a social me-
dia service are kind of the same and can be treated
following the same principles.

Software exists “at rest” as a stream of bits on some
kind of storage, like a USB drive or a cloud space.
In this state, the software is a digital artifact, which
can be easily copied, catalogued, and stored in dig-
ital repositories. It can be considered stable, but is
not presented in the form that it was collected for:
a string of bits doesn’t make sense and cannot be
perceived with the naked eye. Software needs to
be performed, meaning, it needs to be placed in an
environment that provides all the capabilities the
software expects to find. That means if a piece of
software was released for Windows 98, a machine
running Windows 98 needs to be available to get it
going. Once that's happening, the software will be
legible as an object, something that makes sense.

Artifact © Performance © Object
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Each of these states requires increasingly specific
capabilities and knowledge:

The artifact can be handled by established digital
preservation methods. It is nothing more than a
series of bits, like any other file. While storage is its
own field of research for large-scale use cases, it
can be assumed that some kind of storage is already
available. Practical knowledge on how to do storage
is required beyond digital collection and preserva-
tion, hence designing and maintaining storage sys-
tems or offering them as a service is an established
type of business, which is great. Sometimes stories
about outlandish digital storage projects surface in
the press, in which bits are transferred to an exotic
material like nickel or crystals; stories about sending
data to far away celestial bodies or arctic vaults also
capture people’s imagination. At least for the conser-
vation of software, these undertakings have no rele-
vance and can safely be ignored.

The stage when software is performed requires
knowledge about different (legacy) systems which
also need to be available to execute software with.
For instance, a Windows 98 machine should be able
to reproduce any software from the collection that
was created for Windows 98. Emulation is a practi-
cal way for managing such environments. Since all
computers are based on the same principle—they
are symbol manipulation machines that execute
instructions encoded with the same symbols they
are supposed to manipulate—every computer can in
theory do what any other computer can do. Differ-
ent computer chips expect particular symbols in a
particular order to do certain things, such as setting
a point in memory to a particular value, which could
be interpreted by graphics hardware to have a red
pixel appear on screen. If that computer becomes
unavailable, for instance because it breaks and can-
not be fixed nor replaced, the software needs to be
performed on another computer instead. An emula-
tor is a program that translates in between different
symbols, or, “instruction sets,” while a software is
running, making it independent from the exact com-
puter it is running, moving it to an abstract machine.

Each machine needs to be equipped with secondary
objects: software that is not in collection focus, but
required to handle the software that is in focus. For
instance, an institution that collects web sites also
needs to collect browsers; a collection of digital
architectural plans won't make much sense without
a collection of AutoCAD, Lumion, VectorWorks ver-
sions; and of course most software requires systems
and graphic drivers handy. Knowledge about which
secondary objects are required for a particular set-
ting makes sense to share within the software pres-
ervation community.

The object that appears during performance re-
quires unique, object-specific knowledge that con-
cerns the website, architectural plan, computer
game, or whatever else is being considered. How to
navigate it, who made it and why, how to interpret
what is visible on screen? Unless an item is collected
by more than one institution, this knowledge is typi-
cally only available in one place.

While the artifact © performance © object cas-
cade is generalizable for any digital object, it seems
like a lot of effort for browsing a few archival PDFs.
However, digital objects rarely deal with isolated
items or “files.” A single artifact can contain multiple
JPEG images that might be shown while exploring
an interactive CD-ROM or visiting a website, be part
of an animation, or serve as a data source for color
palettes, etc. Even a modest looking PDF can embed
videos with obsoleted codecs or even interactive
parts implemented with the outmoded Adobe Flash
product. Dividing an object into parts runs the risk of
making available an utterly distorted version.

For a collection this means to 1) build or use existing
storage capacity to store and retrieve bit streams

of software artifacts, 2) create capacity for contain-
erization, virtualization, and emulation, 3) collect
secondary objects that are needed to build environ-
ments for the software in collection focus, and of
course 4) collect primary software objects.

The described process can be adapted to different
collections and their mandate or mission. For an
institution that collects productivity software, the
legacy WordStar word processor is the primary ob-
ject that is placed into environments, which would,
apart from the operating system and required driv-
ers and tools, contain some sample documents that
represent WordStar’s feature set. In case digital
documents are collected, WordStar would be the
secondary object that supports the performance of
files created with WordStar.

It might also be needed to run several machines
at a time to perform objects such as web sites
that require a server and a particular browser, or a
multi-player game.

An emulation framework can support these work-
flows - Rhizome uses Emulation as a Service, Eaa$,
which allows for interactive emulation environments
to be constructed or imported, forked, managed and
embedded into web pages almost like a YouTube
video. Alternatively, local tools, such as VirtualBox,
gemu, incus, UTM, etc. can be practical tools to get
software collection going.
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Whatever choice of tools, the main learning is to
turn most attention to the environments software
objects are performed in, rather than the objects
themselves.

Tangible consequences of software
historicization

When implementing the approach above, software
is historicized. Its performance will remain reproduc-
ible, and it will keep its ability to use a wide range of
inputs to produce an equally wide range of outputs,
provide interactive use, and generally feel alive. But
it will become tied to environments that only have
consciously enabled touch points with the outside
world: For instance, during access, users will want to
use the keyboard and a pointing device on a screen
to interact with an encapsulated software object. But
most likely we wouldn't want that environment to be
connected to the outside internet, or have its inter-
nal clock set to the current time; an update might
come from somewhere, or technical protocols that
were established long after the software was made
might cause unwanted crashes.

For Rhizome, the encapsulated, historicized ap-
proach with emulation environments being present-
ed on the web is a great fit. The ArtBase collection
for the most part contains software that was situated
or made to be distributed in networks, copied on
diskettes, or passed around on CD-ROMs. Websites
were made to be accessed via standard browsing
setups of their time, games and artistic screensavers
or other apps were designed to be easily download-
able and ready to run, no special hardware or exotic
configuration required. With a comparatively small
number of environments, Rhizome can make a large
number of artworks accessible on its website. The
German National Library and Yale University Library
use a similar system for reading room access.

Still, this might not be ideal for every possible collec-
tion effort at every point in time.

For instance, a collection focused on action games
might find that using original hardware or hardware
substitutes is what they want to focus on, with peri-
od-adequate input and output devices such as Joy-
sticks and CRT TVs providing a particular experience
of button pressing and on-screen movements fully in
sync with the monitor’s refresh rate. If the capacity
for hardware maintenance is available, or if there
simply is no emulator available for a particular com-
puting system, focusing on hardware can be a mid-
term historicization approach.

Another position is to reject software being histori-
cized at all, insisting on its situatedness in the now,
looking at it more as manifestation of a concept that
is re-implemented in different contexts as needed
rather than as an immutable artifact. Following that
position further, some argue that if transfer to a cur-
rent context isn't feasible or possible anymore, the
project should conclude and only continue to exist
as documentation. If software development resourc-
es are available to repeatedly fix and re-implement
collected items, this approach can produce a few
short term activations for software that is dependent
on outside resources such as news articles from
websites or social media data - as long as these out-
side resources remain accessible independently. For
software that is self-contained and indeed a clean
implementation of a concept this approach might
work long term.

However, continuing to develop collected software
items as a strategy is typically a huge challenge for
any institution’s capacity regarding funding, knowl-
edge management, and talent retention, and would
even be desirable for only a tiny fraction of possible
objects. While it may be agreeable and feasible for
a poetry generator that draws from a list of words
and a fixed grammatical structure to be ported

from a 1970s mainframe computer to a contempo-
rary Samsung Galaxy phone, the bulk of software is
best situated, encountered, and interpreted in the
environment it was created for. Many techniques
developed in projects that used to startle audiences
at SIGGRAPH or Ars Electronica in the 1980's were
incorporated into everyday products and services;
location tracking, 3D environments, and video con-
ferencing come to mind. Meticulously created visuals
that pushed the envelope on, let’s say, an early MS-
DOS system appear tiny, sometimes garish, and for
sure totally foreign when viewed next to 10-bit color
icons, soft drop shadows, and glass effects that are
commonplace in the latest macOS. Re-creating such
projects to better fit into new systems doesn’t make
sense. Emulations of legacy systems bring with them
a whole lot of narration that make legible what used
to be special about a digital object, what obstacles
its creators had to overcome, and how it was made
to integrate or distance itself from its surroundings.
The older a digital object is, the more apparent this
effect becomes.

What others want

Digital culture comes with a few “default” relation-
ships that institutions can try to embrace to support
them in their collection and preservation mission.
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For instance, artists, or more broadly “creators,” use
digital tools to produce objects that will be collect-
ed. Perhaps their production knowledge could be
leveraged for preservation purposes. What usually
might be called an “audience” is in a lot of cases
people that participate in digital culture and some-
times use artistic techniques without thinking of
themselves as artists. They float in and out of roles,
an ambiguity that can be great for education pro-
grams, or activation of an old piece of software that
was made to function again. And since many digital
culture participants are organized in communities of
enthusiasts, one might want to leverage their knowl-
edge for preservation on that level as well. Of course
there is the tech industry that perhaps would be able
to help with infrastructure and services to keep digi-
tal objects accessible over time.

These are just three examples of possible relation-
ships, and critically examining them below doesn’t
mean that any collaboration between mentioned
groups and memory institutions should be disregard-
ed or is absolutely necessary. It is important to re-
member that nothing in preservation is ever perfect.
Memory institutions are more often than not un-
der-resourced and suffer from knowledge gaps. They
can use and should appreciate outside help, and
many communities are more than willing to lend their
support. Still, community relationships can be com-
plicated and don't just click into place automatically.

Let’s look at them in order from the most to the least
powerful.

Tech industry

The global tech industry has a hard time providing
continuity. For instance, why is Windows 98 not
available for purchase anymore? Because even an
organization as mighty as Microsoft can only main-
tain a limited amount of operating systems. Memory
institutions largely operate outside a market logic, so
the industry cannot provide specialized products for
them that would make the preservation job easier.
Additionally, interests of corporations and memory
institutions seldom align. Wouldn't it be great for
software conservation if Google kept Google Earth
online and Intel still produced Pentium chips? You
cannot tell corporations how to run their business,
they have their own set of defining responsibilities.
In many cases, people in the tech industry sincerely
want to support digital memory, sometimes even to
help write the industry’s own, exciting history, but
have to acknowledge the structure they're acting in.

If a company offers an institution to sponsor a pro-
gram that uses their latest, highly proprietary equip-

ment or service that is currently in competition
with similar products from other companies, the
likelihood that a sustainable, preservable thing is
produced is quite low. Dependable tech industry
support is complicated to maintain over time, but
single, high effort reimplementation projects using
a new product might be structured in a way that
collects valuable knowledge about an item in the
collection that will lead to a more permanently
preserved version.

In general, any digital object that depends on arti-
facts which are impossible to bring under institu-
tional or community stewardship—social networks,
mapping services, sufficiently complicated software
products—require strategies that extract and main-
tain relevant fractions of these artifacts that indeed
are manageable. For instance, while it isn't possible
to maintain a fully functioning copy of the instagram
platform as a preservation project, it is possible to
capture and later re-perform relevant parts by re-
cording network traffic between the remote service
and a local point of access. (It doesn’t make sense
to go into the details of this process here, it is just
meant as an example of how challenges that look like
a great fit for industry collaboration sometimes are
approached best in a different way.)

Maybe ironically, the tech industry is not only re-
sponsible for many of the challenges software con-
servation faces as a discipline, it also happens to
produce some of the most powerful tools to address
these challenges, under open source licenses. The
most versatile and thorough emulators are useful

to virtualize servers in data centers, contain and
connect legacy business applications, and test new
hardware designs, so the industry is putting resourc-
es into their production the preservation community
could never muster.

Enthusiasts

Digital communities that are interested in the history
of digital culture appear closer to memory institu-
tions and seem to be easier to work with. People are
often and rightfully proud of their at times obscure
expertise and are happy to contribute to something
they believe can help preserve and narrate the histo-
ry and achievements of their communities.

A key thing to keep in mind when working with free-
range outside experts is that they might have differ-
ent motivations and approaches to software than
institutional conservators. For instance, their ideas of
preserving authenticity (perhaps focusing on highly
specific aspects of hardware) might carry elements
of nostalgia and be at odds with an educational mis-
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sion of a public institution, or be unsustainable for an
institution long term.

Many enthusiast communities skew towards being
well-educated, well-resourced, well-connected peo-
ple who can spend their leisure time on projects
they find exciting. Some of them value their pas-
sion enormously and are not interested in having it
spoiled by getting paid or being told what to do in
their free time.

It is not possible for an institution to maintain sep-
arate approaches for every piece in a collection,
so not every practice in enthusiast communities is
something that is possible to just import. Yet if it is
possible to align interests and motivations of ent-
husiasts and a memory institution, both sides can
mutually and fulfillingly benefit.

Enthusiast communities also contribute to larger
open source emulation tools, and sometimes are
able to produce their own emulators of simpler “ret-
ro computing” systems, typically focusing on a set of
particular aspects that are important to them.

Artists and creators

Many digital artists have their own networks and
techniques for keeping their projects functioning,
some artist studios make a business out of main-
taining their own software work for collecting insti-
tutions. Yet not many artists can have the required
means to offer such services. And a great value insti-
tutions can provide to artists is relieving them from
the burden to maintain their old work, freeing them
to pursue further projects.

Ultimately, artists’ and institutional perspectives on
digital objects are quite different and might be in-

compatible. When looking at a single artwork from
the perspective of its creator, of course that object
usually depends on a software environment that is
beyond your control: operating systems, authoring

tools, remote web APls, etc. These tools and services

provide valuable abstractions that make it possible
to create the unique object in the first place. Yet that
environment is constantly changing. It makes eco-
nomical sense to over time modify the artifact that
you have the most control and knowledge of, the one
representing your own work. It is about managing
one unique artifact versus a much larger number of
things that exist independently.

Now, when you work with a collection, the unique
objects will outnumber the possible dependencies.
The amount of versions of, let’s say, Microsoft Win-
dows, Unity, Google Chrome, etc. are finite. In this

situation it becomes more economical to focus
on software environments rather than the unique
objects.

Sometimes, starting out a software collection with

a very small amount of items can make techniques
established by artists seem attractive to adopt full
scale at an institution. Of course artists are always
interesting sources to look for ideas on how to do
things, still it remains important to fully reflect on the
context they work in and if it matches with the goals
defined for a collection.

Institutions in a digital age

The role of memory institutions is to provide identity
and continuity. Computers and computer networks
by themselves don’t contain any of that. Instead,
they are incredibly receptive for every type of idea
that can be projected onto them. Computers can
behave like paper archives, enact fluxus practices, be
endlessly variable, decentralized, heavily controlled,
all at once without any contradiction. To provide
continuity it is meaningful to engage at a lower layer
and understand computers as symbol manipulating
machines, come to terms with how software and
hardware is created and disposed of at industry
scale, and be realistic about capacity that will be sus-
tainably available and useful for a broad set of items.

Work on a software collection should pursue two
goals: to improve collection items’ fitness for the
available infrastructure, or expand infrastructure
capabilities so existing items benefit at large or new
types of items can be collected.





