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Figure 1: artMate — an app that connects museum visitors with one another, regardless of whether they visit physically or
virtually. Includes a matching section (a), an achievement system (b) and a matching platform for visually impaired users (c).

ABSTRACT

In this paper, we present the results of a participatory design re-
search project conducted together with the Art and Exhibition Hall
of the Federal Republic of Germany. In this collaborative design
research project, we set out to create new, location-independent
ways of making museums more accessible and approachable to peo-
ple who would or could not otherwise attend them, in particular
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those of younger age groups. We present three novel approaches
that integrate diverse educational and participatory concepts into
the museum visit. All are based on existing technology, allowing
for easy and low-cost implementation through cultural institu-
tions. These include a new way of discovering people with whom
to attend the museum, a new way of contributing remotely to a
collaborative exhibit and a new way of connecting school classes
to prepare jointly for a visit to the museum, including a digital
co-curation process. We explain our collaborative research and de-
sign process and present the results developed in exchange with
our project partners and through input from participating users.
We conclude by discussing our findings and by outlining future
research opportunities.

CCS CONCEPTS

+ Human-centered computing — Interaction design.
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1 INTRODUCTION

Historically, museums have presented themselves as a service to
the public as a whole, offering access to artefacts of culture for
everyone. For some time now, the modes and means of exhibiting
and mediating traditionally practised in museums have been subject
to criticism from many perspectives, among other reasons, for
their exclusivity. Thus, museum culture is undergoing a massive
transformation. Museums ought no longer to be understood as high-
cultural institutions, but instead should develop into more open
spaces for socially and culturally diverse groups of the population
[43, 51]. This development is in line with demands for accessibility
[14], inclusion [23], and radical democracy [48] as well as with a
new understanding of the museum as an informal space of learning
[9]. At the centre of this new take on museums are the people
[43, 51].

Participation has thus become a central topic for current mu-
seum research, museum management and exhibition design [8, 43],
including the use of corresponding interactive technologies [20, 22,
49].

According to Simon [43, 44], participatory design formats can be
used to engage with a diverse and heterogeneous public, thereby
making them relevant to different kinds of life-worlds. Opening
up to more diverse audiences over the long term is thus essen-
tial to maintaining the social and cultural relevance of museums.
Sketching the new relationship between institutions and citizens
clarifies one of the central questions of participatory design projects,
namely that of who is interested in strengthening participation, and
who should and can benefit from it? [31, 45] In the case of our project,
the answer is: both sides — the museum and the public alike.

In the future, it will therefore be necessary to address the spe-
cial needs, demands and concerns of different demographic groups.
The younger segments of the population will be of particular in-
terest here because it is precisely for them that today’s museum
world, especially those parts that tend to present themselves as
high-cultural or avant-garde, has little relevance to their socially
and culturally diverse lives [13, 51]. Today, these age groups are
more likely to engage in digital experiences and other spare time
activities than to attend a physical museum. However, Calmbach
et al. note that children and teenagers, although increasingly en-
gaged in digital communication, nevertheless also seek to balance
their digital activities with physical hobbies [6]. Consequently, the
potential for combining the benefits of a digital experience with
a physical museum visit, to channel these dual interests towards
museums, appears to be great.

To leverage this potential, we set out on a project together with
the Art and Exhibition Hall of the Federal Republic of Germany,

Hemmert et al.

funded by the German Minister of State for Culture and the Media.
The Art and Exhibition Hall of the Federal Republic of Germany —
the Bundeskunsthalle — is devoted to art, culture and science. The
program of the Bundeskunsthalle includes exhibitions of art from
all periods, and additionally presents an independent performing
arts program including theatre, dance and music. As is usual for
this type of exhibition hall, the Bundeskunsthalle has no standing
collection of its own. The Bundeskunsthalle faces challenges in
attracting visitors, in particular younger groups. Thus, key research
interests were the development of location-independent partici-
pation opportunities, and combinations of analogue and digital
formats.

Our project was funded by the German Minister of State for Cul-
ture and the Media, to remedy the negative effects of the COVID-19
pandemic. It was our task to develop new, less location-dependent
museum experiences. We sought to combine the benefits of physi-
cally attending a museum with the potentials of digital platforms,
seeking to leverage the emergent synergies to improve accessibility
to the museum, especially for young people. We aimed for techno-
logical approaches that would be easy to implement for cultural
institutions; thus we favoured approaches that leverage existing
technology, but do so in a way that allows for new, innovative
user experiences. However, our project’s scope was limited to cre-
ating new concepts and at evaluating these with people, so a fully
functional implementation was neither planned nor achieved.

2 BACKGROUND

Fortunately, making museums relevant and accessible to non-visitors
is an active field of research. Likewise, bringing new experiences to
museums is a growing field of HCI research. In the following, we
present a brief overview.

2.1 Going to the Museum - or not?

In general, it is remarkable that despite the considerable theoret-
ical, empirical and practical work, there are still individuals and
groups who are not being reached by (high) cultural offerings. Ac-
cording to a recent non-visitor study, ‘Schwellenangst’ (literally
‘threshold anxiety’) still plays a role in this regard because people
will avoid going to an event where they fear they will feel ‘out
of place’ or simply bored [51, 52]. One reason here may lie in the
fact that the core audience for museums continues to be people
from well-educated population groups and of a higher average age
[4]. However, although age, background and socialization play a
central role in the development of one’s cultural habitus, they are
not determinant because non-visitors can be found across different
demographic groups [51]. On the other hand, the study does show
that non-visitors are difficult to address through the media typically
used by high-cultural institutions such as museums, theatres or
opera companies: newspaper feuilletons, newsletters or websites.
This applies to youth culture in particular. Furthermore, 96 percent
of interviewees in the study stated that they do not want to go to
institutions such as classic theatres or museums without company
[51]. Visitor research confirms this by presenting the exhibition
visit as a communicative social practice [39, 52] which is often
practised by friends and couples or in groups.
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Sociality (i.e. experiencing something together with other people)
in the museum can also be created purposefully. This is particularly
interesting regarding younger population groups. Young people
base their leisure activities primarily on their friends and the social
media channels they share. Accordingly, they are more likely to
choose new activities if friends or peers recommend them. Further,
for young people, it is particularly important that cultural produc-
tions of whatever kind can be linked to their everyday worlds. Here,
studies show in addition that teenagers strongly wish to identify
with the themes of art and want to be touched emotionally by them.
[13 51]. Or to put it in the words of Trondle: “The closer art is to
young people, the more likely they are to visit cultural institutions'
[51] (own translation).

Research in this eld actively investigates people's reasons and
motivational backgrounds for attending museums and for not
attending them. It suggests that new technology-mediated inter-
actions among people can be of great bene t when addressing the
aforementioned issues.

2.2 Digital Experiences in and around the
Museum

Museum experiences are increasingly being augmented in a vari-
ety of ways by digital connectivity between visitors and exhibits.
Regarding the exhibits themselves, Belluci et 8].jropose a see-
through display to digitally augment exhibits with additional in-
formation. Beyond purely visual augmentation, tangible interfaces
have also been used successfully to increase the interactivity of
museum exhibits T, 21] one approach to this is the provision of
digitally enhanced replicas of the exhibits for the visitors [26]. Of-
ten, the motivation behind increasing an exhibition's interactivity
is to improve its learning e ects g]. This has been demonstrated
to be the case in several projects, often in combination with as-
pects of gami cation p4. For example, increases in learning have
been observed in terms of memorizatioRq and exploration B1].

It has been argued that physically interacting with contents, as
opposed to interacting with screen-based, hand-held versions of
them, fosters learning4Q. In this context, some innovative feed-
back mechanisms for young visitors have been proposed, such as
Nicol and Hornecker's concept of eliciting feedback on interactive
museum exhibits via children's drawings8g. Co-curation pro-
cesses (i.e. curating the content of an exhibition together with other
people, regardless of their level of expertise, and potentially even
without the o cial curators of the museum) are often considered to
be a promising area for crowdsourcing, and research in this area is
promising, such as, for example, "WeCurate' by Hazelden etld. [
and Roussou et al''s work on children as designers in the museum
[41]. Digital experiences, both in and around the building, can also
improve the museum's accessibility. Asakawa et 4].Use digital
localization and navigation techniques to lower the barrier to mu-
seum visits for visually impaired people. Robots, as well as exhibits
“awoken to life' 27], have also been proposed as a “digital-physical’
bridge in the museum. Their roles vary, but they include welcome
guides b9, free-roaming guides42 and learning assistants37].
Often, they are viewed with both curiosity and scepticisra{.
Most of this work focuses on the physical world, enhancing it with
digital capabilities, but there are other approaches, including the
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creation of 3D versions of museum3( and the use of Augmented
Reality technology to enhance the interactivity of museum exhibits,
as, for example, proposed in the “Interactive Antarctica' project
[10. Brown et al. ] investigate mixed-reality visits to a museum,
Wolf et al. [57] explore the gains and losses of virtual exhibitions. De-
spite this potential, we focused in this project on a “physical/digital’
hybrid approach, as we believe that this approach o ers the most
promising opportunities to appeal to a younger audience, in line
with Paananen et al.34, who highlight the importance of multi-
sensory and interactive experiences. In the following, we discuss
further considerations for our project's aim of designing sociality
into and around the museum. Some examples presented here come
directly from the eld of museum communication and education or
exhibition design, while others are currently popular social media
tools that provide compelling starting points for us.

2.2.1 Meeting and Connecting in and around the Mus&bmso-
cial aspect is important for people in the context of a museum visit.
The ability to share cultural experiences through social interactions
such as casual conversation, inspirational exchanges, or through
discussions with others is crucial to whether people decide to visita
museum or not. The quality of the shared interpersonal experience
also signi cantly in uences the museum experience. Therefore,
central questions are:low can we meet people with whom we can
share museum experiences? How might museums help people to nd
suitable companiong®oking to other domainsTinder[5( could
be a valuable inspiration. Its matching algorithm provides a good
starting point for the development of opportunities to connect in
and around museums. Its ease of use, especially the characteristic
swiping and predominantly image-based structure, allows users
to quickly get a feel for a potential match in a low-threshold way.
Other platforms, such aswitch[53 and LinkedIn[24], use di er-
ent mechanisms to engage users. Twitch allows for the addition
of shared audio commentary to live streams, whereas LinkedIn
rewards completion of the user's pro le with collectible badges and
saocial recognition.

TheBadisches Landesmusedndarlisruhe, Germany has launched
a project with the museum app PingB8p, a mix of the platforms
described above, which aims to improve the visitors' engagement
with the artworks by using the swipe motion. With the current
exhibitions and collection of the museum, the app provides a se-
lection of artworks that can be keyed to the individual interests
of the visitors. Interaction between artwork and visitor can take
place directly on site, but also online from home or elsewhere. As
in a chat, users can ask and respond to questions, and thus get to
know the artwork better playfully by digitally collecting objects etc.
This type of app o ers human-object interaction, but its basis of
changing editorial content can be demanding for the museum sta .
To adopt an inclusive approach from an educational perspective, we
looked at tools, digital extensions and plugirSuidePilo{ 18, for
instance, enables museums to provide prerecorded audio content to
visitors with physical or cognitive impairments. To further enhance
such experiences, other works use sensor technology such as
gaze tracking [59] and movement tracking [60].

2.2.2 Contributing to the Museuifhe ways in which we gather,
organize and validate information are rapidly changing and so
are the ways in which exhibits nd their way into museums. One
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Figure 2: artMate's museum type quiz, using a simple swipe-
based interaction technique to assess the user's preferred
style of visiting museums.

example for this is gather.town a virtual meeting place that also
enables the collaborative design of a virtual environment, including
exhibition spaces1y. Such endeavours foster the co-curation of
virtual exhibitions. Further examples of co-curation can be found
in other elds. The Global Art Project3§, for example, provides a
global network to people keen to express themselves through art.

Besides such collective approaches, many promising apps and

challenges have been introduced recently, especially through the
museums' lockdown during the pandemic. One example worth
mentioning is the challenge #dubistkunst (#youareart) which the
Austrian TV showkulturMontaglaunched in 2020. It was a call to
action to visually reconstruct and mimic famous or canonical paint-
ings, playfully turning contributors into classical portraitists. The
Paul Getty museum in Los Angeles launched a similar challenge

under the hashtags #gettychallenge or #gettymuseumchallenge,

inviting users to reinterpret famous works of art and post the re-
sults online, often to great comic e ect. These challenges were
not only successful in terms of the sheer numbers of people en-
gaged, but were also of great marketing value and created a point
of contact between the world of the art gallery and that of social
media. An illuminating insight into how museums can manage
their transformation successfully is provided by the Cooper Hewitt
Interaction Lab. The guide 'Tools and Approaches for Transform-
ing Museum Experience'’q] provides thoughts on why internal

transformation in museums is desperately needed and gives in-

sights into approaches and tools that can be used to e ect the
transformation successfully. The toolkit is based on the merging
of interactive design and museum practice and shows strategies
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"Neue Oberstufe’(or 'new high school3d. This questions the
current mode of learning in schools and aims to establish a more vi-
brant means of knowledge transfer through workshops and projects.
The second project in this eld is "Digital Sparksi4f]. The idea
of Digital Sparks is that of an online workshop for students from
di erent schools. This new educational format is focused on one
theme, but combines several school subjects. The third example is
"Minecraft Babel' 2§. This is a competition which anyone can join,
initiated by three German Bible institutions. Participants rst have
to read the Babel story and then build their own interpretation
of Babel in the online game Minecraft. The playful approach of
using a digital game platform appears promising. At the same time,
the competition is limited to one topic and is driven by a religious
rather than a purely educational initiative. A project in the context
of museums is “The Xponat Databasg§. This is a collection of
methods for educators and teachers which enables the transfer of
the content of a museum exhibit in a creative way. This project is
a living database, but it does not give advice on how to integrate
it into a project or a school lesson. "Digiclass:labl] is a more
technical project. This digital app works as a tool for a participa-
tory museum experience. Teachers or curators can create questions
and tasks around an exhibition. Connecting people online is an
important aspect of our project. The question is how to transfer
the content users have generated digitally into a larger group.
Researchin this eld provides great inspiration for how museum
visits can be augmented with digital experiences. However, it is
mostly aimed at active museum visitors, not at motivating non-
visitors to attend the museum. However, the two areas presented
above motivating non-visitors to come and new, digital museum
experiences are rarely combined. The combination is what we set
out to achieve in this project.

3 DESIGN AND EVALUATION

After the initial brief (formulated together with our research part-
ners from the Bundeskunsthalle), we set out into a three-weeks
research phaseonducting desk research about people's motivations
to attend museums (or not), as well as about new, digital enhance-
ments of the traditional museum experience. Then, we identi ed
the biggest potentials to be leveraged. Here, we focused our e orts
at non-visitor, even though it was the goal to create interactions
that also cater to existing visitors, enriching their experiences. After
that, a four-weeksconcept phadellowed. Expert interviews were
conducted in this phase to further sharpen our concepts. Three sub-
projects were developed. During the four-weettesign phastnat
followed, numerous prototypes were built and tested with di erent
participants (see below). Lastly, a two-weeltscumentation phase

which have been designed in an open process focusing on cross-wrapped up the project and led to the production of a short video

disciplinary thinking, transparency and a regard for both internal

and external audiences. In conclusion, the main challenge for muse-

ums lies in understanding the necessity for change led by the shift
in visitors' needs, enabling the necessary agility and exibility to
react to these changes and, overall, developing into entities that
are continuously developing by placing the visitors at the centre of
their focus.

2.2.3 Education in the MuseuBducation is a key element in the
DNA of a museum. One initiative in the context of education is

prototype for each of the three concepts. We sought to answer one
central research questiotiow can digital experiences be used to
make educative museum experiences for non-visitors richer and less
dependent on physical presence?

3.1 Methodology

All three concepts were designed in accordance with participatory
design methodology47] with potential users in semi-structured
interviews and co-creative conversations, including Thinking Aloud
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Figure 3: The mynd map system, a way of contributing location-based content to an exhibition. Contains a chatbot-based
interface (a), a digital world map of contributions (b) and an exploratory walk-on exhibit (c).

sessions. In this following, we give an overview of this process and 3.2 artMate

the users’ reactions. ArtMate (Fig. 1) is a matching app, allowing people to meet and
The selection of our participants was done in accordance with  expjore art and exhibitions that match their interests. To start, users
the principles of theoretical sampling, i.e. in an iterative process complete a “‘museum type quiz' (Fig. 2), aimed at assessing what
between empirics and theorylfd. We augmented the young partic-  kind of visitor they are. It contains questions like "How do you
ipants with individuals from other age groups to widen the range  tend to go through an exhibition' and “Do you generally read a
of perspectives on our designs: even though we designed for a |t of text at exhibitions?', providing two possible answers to ev-
young target audience, we wanted to include a wider social context ery question. Based on their answers, users are assigned one of
(parents, grandparents, etc.) in our interviews. eight “visitor types' (e.g., the “silent observer' or the “adventurer’).
However, initially, our project began with co-creation sessions  agter that, users browse through a catalogue of personal recom-
of the core project team, consisting of nine strategic design mas- mendations, indicating which exhibitions they have seen already,
ter's students and three members of the Bundeskunsthalle team 5nd which they'd like to attend (Fig. 1a). Based on their choices,
(management, curatorial and social media department), guided by the system recommends another user they can jointly visit an ex-
two design professors. The overall project lasted for 20 weeks. The pipition with. ArtMate also provides an achievement system for
challenge was to involve our project partners from the museum  5qding and validating tags, recommendations and other metadata
as informants and collaborators at the same time. Thus, specic apout exhibitions after visiting them (Fig. 1b). This mechanism is
team sessions were conceptualized using creative methods suchiptended to crowdsource the maintenance of the database. In addi-
as the "What, if ... ?' question method and various other methods jon artMate serves as a platform to connect people who might be
from the GameStorming collectiorl[] but also using visual stimuli unable or unwilling to physically visit an exhibition for example,
(photographs, drawings) to structure communication and foster pecause of impairments or because of the necessary travelling
inspiration. Only once we had decided together on three concepts \yith volunteers, who o er to walk through an exhibition as a visual
for further development were three corresponding working groups guide while being remotely connected through the artMate app's
formed. live audio connection (Fig. 1c). This may be especially relevant in

Due to the constraints of the Corona pandemic, we were unable  the context of pandemic-related limitations to physical presence.
to invite people for on-site participation in the research and design

process, but had to conduct almost all co-creation workshops, inter- 3.2.1 ReactionértMate was developed in three research steps,
views, group discussions, prototype testing, and Thinking Aloud involving eight participants. The process started with ve semi-
sessions online via Zoom and Miro board. In the following, we structured interviews, each with one external participant (average
present the three design subprojects that we conducted. Each ad-age 25 years) and a research tandem of two students. Core to this
dresses a di erent aspect of our research question, all three were research step was the presentation of a visualized user journey.
conducted with di erent test user group setups and constellations. Participants were invited to discuss the criteria they felt necessary
For all three subprojects, we narrowed down our target group to  for the creation of so called "'museum types' to elicit characteristics
young people aged 16-25, even though we also included individual for the matching algorithm, such as art preferences, but also indi-
experts from other age groups in the process. vidual habits, such as walking speed or conversational preferences.
In addition, participants were asked whether they would go to the
museum more often if such an app existed. One signi cant quote is:
“I believe this is an innovative feature that will allow like-minded
individuals to come together and bond over similar interests.' Sur-
prisingly, users would also like to have a 'solo mode' as they would
like to discover new exhibitions on their own from time to time.
Further, and to learn more for the subsequent design and re ne-
ment process, a click dummy of the matching process was tested
by using the Thinking Aloud method. In so doing, two further
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