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Abstract

Museum labels are often looked at more intensively than the actual work itself. And whosays that the interpretation written there is the only possible one? ARt chat is anapplication that enables museum visitors to place their own opinions, knowledge or evenquestions as comments virtually in the exhibition space. Through the application, they canalso discuss the artworks with others and follow and respond to comments even afterleaving the exhibition. The application combines augmented reality, art andcommunication.
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Introduction

Digitization and social media are influencing our dailylives—the way we communicate with each other, makedecisions, learn, work and spend our free time. We havelong been accustomed to being able to expressourselves and participate everywhere. This tendencyhas not spared the cultural sector, were museums andother cultural institutions strive to keep up with the rapidpace of digital development. In fact, the explosion ofubiquitous technology has been developing hand inhand with the paradigm shift in the museum world,which was set in late 1980es as new museology, amovement in the museum studies marked by PeterVergo ́s seminal work of the same title.¹ The focus onthe social role of museums, new styles ofcommunication, inclusiveness and openness for activevisitor participation have been the hallmark of themovement and a plea for new values and beliefs to bestrived for in museum community. Forty years fastforward, there is still a lot of work to be done. In anenvironment characterised by participation andempowerment, many museums and cultural institutionsare still seen as elitist and aloof. However, mostmuseums did become institutions that are morecentered on the needs of their audience. They are tryingto fulfil not only the educational but also entertainmentdemands, reflecting the dynamics and the multiculturalnature of the 21st century and favouring dialogue,interpretation, and experience.² It has become clear thatit is no longer enough to exhibit objects and that thequestion of context should be central.
It has also become clear that in institutions that serve tocreate, identity and offer a space for representation,those who are to be represented should consequentlybe included in their work. The museum system and itstraditional concepts have long been questioned,counter-designs developed, collection structuresreconsidered and, with the involvement of thecommunities, new ways of telling stories have beeninvented. In this context the International Council ofMuseums (ICOM) discussed and approved a proposedresolution for a new version of the museum definition ata General Assembly in August 2022, concluding an 18-month participatory process of revision. The newversion of the ICOM Museum Definition reads as follows:
“A museum is a not-for-profit, permanent institution inthe service of society that researches, collects,conserves, interprets and exhibits tangible andintangible heritage. Open to the public, accessible andinclusive, museums foster diversity and sustainability.They operate and communicate ethically, professionally

and with the participation of communities, offeringvaried experiences for education, enjoyment, reflectionand knowledge sharing.”³ 
And though the bottom-up approaches have beenincreasing in the last decades, the idea that visitorsshould contribute to the museum creation with their ownvoices remains somewhat radical and provocative.⁴ 
At the same time, the process of museumtransformation has been immensely supported bytechnology development. The democratization of themuseum has been coinciding with the democratizationof technology, characterized by its accessibility toeveryone and everywhere. Moreover, due to its rapidexpansion in everyday life, technology is for the younggenerations of museum visitors an aspect more familiarthan any other in the museum context. To step into amuseum that is not offering a digital layer is seen almostas a kind of anachronism that breaks the continuity oftheir reality experience. So more than just accompanyingthe museum experience, new technologies are being sopowerful that they are clearly changing the very conceptof the museum. As Tomiuc argues, “the issue is nolonger whether to use this technology to recreate themuseum experience, but how to use it for a maximumimpact on the audience.”²
And though the expected digital literacy might pose abarrier to the older generations, which is a worthwhiletopic, the fact that museums are struggling to attractnew generations of visitors is posing a bigger concernfor their future. The continuity of daily experiences in atechnological society is interestingly described by PeterSamis in his essay “The Exploded Museum”:
In a technological world, the museum visit no longerbegins when a person enters the building, nor need itend when she or he leaves. The museum’s physicalspace is but one site—albeit a privileged one—in thecontinuum of the visitor’s imaginative universe.⁵
In a museum experience, this symbiotic relationship ofdigital and analog is not only enabling the melting andintertwining of the pre- and post-museum visit time, butalso of that which is presented/curated and understood/commented, and of that which happens behind thescenes and in front of the scenes. In the next chapters,we are presenting the process of development of amobile AR application for museum use that wasconceptualized with that incentive in mind and emergedas a product in a project dedicated to the empowermentof museum community.
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Project and goals

nextmuseum.io is a cross-institutional digital communityplatform for swarm curation and co-creation, initiated byNRW-Forum/ Kunstpalast Düsseldorf and Museum Ulm,funded by the Digital Culture Programme of the GermanFederal Cultural Foundation as well as by the FederalGovernment Commissioner for Culture and Media.
On nextmuseum.io, curators or institutions can call forjoint work on exhibition projects via an Open Call. Artistscan submit artworks and participate in discussions, ascan art enthusiasts, who have various opportunities toparticipate throughout the entire process. We believethat the multitude of opinions and concentratedknowledge that characterizes the online communitycreates an intelligent, powerful swarm that wants to beinvolved in shaping things. The platform offers tools andsupport for collaborative work in the art and tech sector,digital experiments developed with the project partnerMIREVI (Mixed Reality and Visualization) from theUniversity of Applied Sciences Düsseldorf andcommunity events for exchange and empowerment.
Since its launch in July 2020, more than 30 Open Callsfor collaborative exhibition projects have been made vianextmuseum.io and more than half of them have alreadybeen shown physically or digitally. The community nowhas more than 500 members and participated in about75 events - from meetups with curators and expert talkson current topics (e.i., AI, sustainability, XR, NFT) to thetech art late night show “It's tech time!”.

Related Work

The use of Augmented Reality (AR) technology inmuseums has been on the rise during the last decade.⁶,⁷In comparison with other types of technologies on theMixed Reality spectrum,⁸ AR has gained popularity in thecultural sector in general because of its broadavailability and the simplicity of its use. Unlike VirtualReality (VR) technology, which often requires expensivehardware and a more complex setup, mobile ARexperiences only need a handheld device in the form ofa (personal) smartphone or a tablet and are usuallydownloadable as applications. Furthermore, the App-based AR is increasingly being replaced by Web-basedAR, which provides an even more accessible experienceand on which great hopes are pinned in the comingyears.⁹ In this chapter, however, we want to give a shortoverview of the use of AR technology in museums,independently of its individual technological

characteristics, primarily focusing on the multitude of itspotentials and benefits for the mediation of museumcontent.
The typical feature of AR is the superimposition of adigital, usually visual content on top of the content thatalready exists in the real-life scene in front of theperson. This sort of layering enables a myriad ofpossible symbolical uses, such as apparent overlappingof different times in the same space, a comparisonbetween reality and image, notation or marking on thesurface of reality, an image of hallucination or fantasy, anotion of transience and instability, an illustration ofinvisible processes, or telepresence of people orobjects, to name just a few. When used in an exhibitioncontext, these symbolic potentials open enormousopportunities, both for the exhibited content as well astheir interpretation and mediation of the same.
In her text from 2017, Shelley Mannion, the DigitalLearning Programmes Manager at The British Museum,reports on the conclusions that her team had drawnfrom their several years-long exploration of AR’spotential in museum education. Acknowledging theinability to include all its variations, they attempted toclassify different types of uses of AR in museums bysuggesting four categories: (1) Outdoor guides andexplorers; (2) Interpretive mediation; (3) New media artand sculpture; and (4) Virtual exhibitions.⁷ While the firstcategory relates to the museum content outside of itswalls and coincides with the GPS based AR applications,the second one refers to some of the first interactivemuseum applications that engaged the visitors inphysical interaction by combining wearables and facialrecognition with the marker-based AR technology. Thelast two categories are jointly described as ones comingfrom artists, which were “the first to recognize AR’spotential to challenge the curatorial hegemony overgalleries.”⁷ The work of the artist collective Manifest.ARhas here been a well-known example of guerrillainterventions in the museum space enabled by ARtechnology. ¹⁰ As Mannion emphasizes, this and similarexamples illustrate “one of the strengths of AR formuseums: its ability to provide multiple layers of invisibleinterpretation in galleries.”⁷ In a similar attempt to offeran overview of the use of AR technology in museums,Charlotte Coates lists several types of its adoption inmuseum contexts. Along with accompanying examples,these include adding explanation to museum pieces;bringing objects or scenes to life as a sort of artintervention; interactive and immersive projections;taking collections beyond their walls in a digitalized formand using AR for learning experiences, especially indifferent types of scientific museums.⁶ 
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Figure 1: The view of the artworks commented with the [anonymized]application

While both authors provide useful and interestinginsights into the topic, they do not include any examplesthat would illustrate the use of AR technology for directparticipatory practices of visitors in museums. All theexamples refer either to a digital extension andtransformation of usual interpretation tools, or to a formof AR artworks. The AR tools that would enable activitiesor support values related to visitors' engagement in aform of expression and exchange of their opinions orcommunication with the curators and the artists are notmentioned. Without wanting to conclude that suchprojects do not exist in AR form, this does show us thatthey are not yet common or influential enough to includethem in such analysis as a separate category.
Similar attempts have, however, been carried out withother types of interactive and mobile technologies. Byusing digital technologies for creation of a personalizedand interactive visitor experience through contributionand exchange of user-generated content, theinstallation called “The Cell” (2015) at the InformationAge Gallery of The Science Museum London¹¹ and“Debatorial” (2020), an interactive online platformlaunched as part of the digital exhibition “Beyond States.The Boundaries of Statehood” at the Zeppelin Museumin Friedrichshafen,¹² bare some important similarities toour project. “The Cell” enables visitors ́ participation inthe installation by sending a text or adding an image viatheir mobile phones, which then unlocks additionalcontent or include them in live polls. The contributionsand the information gathered help in buildingupananonymizedlivedatarecordofthe Gallery’svisitors.The “Debatorial” is, on the other hand, a fully digitalplatform intended to facilitate exchange on severalthematic areas via various formats. In addition to artistand curator talks, the formats include podcast, chats,quizzes, zoom meetings, surveys, and animated maps,all of which aim to promote visitors ́ participation andtransparency.
The application ARt chat that we present in the followinglines merges the advantages of AR—its generalaccessibility and presence of content in real 3D space—with the qualities of participatory and personalizedvisitor experience comparable with the ones exemplifiedin the two mentioned projects.
Description of the functions

and added value

Exhibition visitors can download the application free ofcharge from Google Play Store¹³ or App Store¹⁴ while inthe museum or before the visit by following a link on thewebsite. For using the application, they have to log in orregister with their Apple, Facebook or Google account,or their email address and password. After that, a button“Start AR” appears for accessing a step-by-step guide.After reading the instructions for use and closing theguide, a QR code placed next to selected artworks in theexhibition can be scanned. After scanning the code andpointing their mobile device at the correspondingartwork, a small figure in the top corner is indicatingwhen they can start entering their comments (Figure 1).Those can be placed anywhere in the 3D space bymoving in the room and using drag-and-drop functionon the screen (Figure 2, 3). 

If one wants her/his comment to no longer be publiclyvisible, it can be deleted via the trash icon. Visitors canalso react to comments of other users by clicking onthem and typing an answer. The reply appears in theapplication and is visible for all other users immediatelyafter sending. Inappropriate comments by other userscan also be reported and deleted after reviewing ifnecessary. For scanning a new artwork, users just haveto click on the QR code symbol. By going back to themain menu, users can find the FAQs for more information
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Figure 2: Placing a comment in 3D space in the exhibition

Figure 3: The cloud of AR comments in an exhibition

about the application and their account. On this page,also, a button leading to the already scanned artworkscan be found, including the related user comments. Viathe “my comments” button, users can see their owncomments as well as the reactions of other users. Thosetwo functions can also be used at home, after visitingthe exhibition (Figure 4).
The conditions necessary for a cultural institution tobecome a place for participation, which were outlined byNina Simon, are a good summary for some of the maindriving forces in our project and can be recognized inthe function of the described application. These include:(1) desire for the input and involvement of outsideparticipants, (2) trust in participants’ abilities and (3)responsiveness to participants’ actions andcontributions.¹⁵
Unlike elements that have already been implemented inthe museum, visitors can choose to use or not to use theapplication without having information withheld. Art chatis intended to stimulate discussion among visitors. 

Since the content is freely configurable, the target groupranges from interested first-time visitors toprofessionals. During and after a museum visit, there isthe possibility to interact with the exhibition and leaddiscussions with other visitors. In addition, one has a

sustainable storage of museum visits and one’s owninteractions, which can be retrieved long after the actualmuseum visit. As nicely put by Carey Jewitt in his essayon digital technologies in the museums—the hand helddevices enable possibilities for innovative interpretation,especially in regard to decreasing curatorial control andallowing audience narratives “to override the search fora single authoritative voice.”¹⁶
Also, the museum can collect, answer, and evaluatequestions and comments, whereby only anonymizeddata regarding interaction with artworks and theircomments are stored and evaluated.This data can behelpful, for example, in planning further exhibitions oroptimizing a permanent exhibition. In the longer term,the application can be used and adapted for severalmuseums and exhibitions. This has an advantage for theusers who only need one application, but also for themuseums, because they do not have to develop theirown museum-specific application.
Finally, the application can also be used by the curatorsand artists themselves, enabling them not only to reactand answer to visitors’ questions and comments, butalso to participate in the exhibition in a very personaland immediate way, pulling down the boundary wallbetween the official and authoritative museum discourseand the individual perspectives.
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Figure 4: The view of the application's UI

Background Information

The project was initiated as part of the partnershipbetween nextmuseum.io and the MIREVI Lab of theDüsseldorf University of Applied Sciences (HSD), wherestudents of media informatics and communicationdesign took on the challenge of developing threedifferent prototypes for interactive museum labels. Aftertheir successful development, the prototype of the ARtchat application was selected to be further developedwith the HSD ́s MIREVI Lab and tested in the partnermuseums (Figure 5).
The exhibition “Kunstreichgewächse” in Museum Ulm(September 2021) served as the first test site for theapplication. The prototype version only worked on alocal smartphone or tablet with a demo version of theapplication that the visitors could get in the museum. Byclicking on the AR button, the camera of the respectivedevice opened to scan the QR code of an artwork. Afterscanning the QR code, visitors could write a commentand place it as a 3D element in AR using drag-and-dropfunction. The chat between different visitors was not yetpossible at this stage. User tests and feedback helped indetection of the remaining bugs which were then fixedby the tech team.
In the advanced test version, the application continuedto run only on locally installed tablets that could beborrowed from the museum. Here, the comments ofother visitors who had already visited the exhibition orwere currently in the museum have been displayed andupdated in real time, and one could also reply to them. 

It was possible to create a personal account that visitorscan reactivate for each new visit. However, it was notyet possible to activate and manage the account fromhome. Finally, a handover to external partners forcompletion and release in the Google Play and AppStore took place, making ARt chat accessible on users ́own mobile devices in the exhibitions “SubversivesDesign” in NRW-Forum Düsseldorf (2022) and “Wirmüssen reden!: Die Münster-Krippe im Meinungsstreit”in Museum Ulm (2022). The final version is available fordownload in both stores and can be used on all AR-enabled devices. User accounts can be registeredautomatically via an existing Apple, Google or Facebookaccount. After visiting an exhibition and commenting onthe artwork, visitors can continue the conversation fromhome and receive information about the chat activitiesthey are involved in.
Technical Implementation

The application is based on several components: theMapping App Immersal¹⁷ was used to scan the artworksand to link it to the database and the corresponding QRcode. The scanning process that is enabled by theImmersal App consists of taking several dozen photos ofthe artwork. Unity Immersal Software Development Kit isrequired to download scanned artworks (maps) from theImmersal online database via ID and needs to beintegrated into the project. MongoDB database¹⁸ wasused to store data about the exhibition, the artworks,the users and the chat. Auth0¹⁹ was used to handle alllogins via email or social media. Heroku ²⁰ was used torun the Representational State Transfer ApplicationProgramming Interface (REST-API) and ManagementApp. Unity²¹ served as a development environment forthis repository and was used to compile the application.Following the open-source approach, the code as wellas the technical documentation is made available onGitHub for other interested museums to use theapplication in their own exhibitionshttps://github.com/nextmuseum/unity-artchat. 
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Figure 5: The original concept prototype from the student workshop

Visitors ́ feedback and future
directions

Starting with the idea of ARt chat as a tool for visitors tocreate their own version of museum labels, we offered awriter's workshop every few weeks in the exhibition“Subversives Design” in NRW-Forum Düsseldorf (2022)to provide space for creating texts as well as technicalsupport when needed. It became obvious that visitorspreferred to use short form and entertaining commentsto interact through the application, similar to socialmedia, rather than elaborate texts. So, we changed theoutreach format by having a staff member walk throughthe exhibition, making people aware of the application,and providing support when needed. At the exhibition“Wir müssen reden!: Die Münster-Krippe imMeinungsstreit” in Museum Ulm (2022) guided tourswere offered, where visitors could learn somethingabout the exhibition and instantly share their thoughtsvia the application. Overall, visitors enjoyed using theapplication and had fun commenting on the artworksand interacting with other visitors as well as museumstaff in the exhibition and at home. In a few minor parts,we could observe difficulties in the UX section, whichare to be fixed in the next step. We are also planning toimplement a swear filter, so that inappropriate contentcannot be uploaded in the first place. There will also besome graphical customization and we will offer aselection of emojis to react to comments, which shouldmake the application even more fun and intuitive to use.

In 2023, the extended version of the application wasused in the exhibition “Protest! gestalten” in MuseumUlm. As mentioned, the documentation of theapplication has been published on GitHub and a severalother museums have already expressed interest in usingit in-house. 
Conclusion

The ARt chat application exemplifies an innovativeapproach in using AR technology in museum context,focusing on active visitors’ participation and experiencesharing that extends the usual spatial and temporalgivens determined by the institutional framework. In thatsense, it provides a digital symbiosis of the realexhibition scene set in front of the visitor, with theimaginary one which unfolds in their mind ́s eye. Thetechnological possibilities are here purposefullycapturing the feelings, opinions and questionings of thevisitors, creating a moving sculpture of the exhibitionatmosphere and the response it provokes.
Moreover, the application is enabling an uninterruptedmuseum experience, encouraging discussion andparticipation even after the actual museum visit. With itsopen-source character, it presents an extension of thenextmuseum.io platform dedicated to the swarmcuration that aims at a wide community outreach andembraces its further use and development throughmuseum and visitor communities.
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