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Abstract

Emergent interactive technologies — such as extended reality (XR) and its related subcategories augmented, virtual
and mixed reality— are increasingly used in interdisciplinary research endeavors. These technologies aim to explore
how smart glasses and headsets that overlay digital objects may support the design of collaborative experiences
that enhance human interactions in the physical world. In this short paper, we briefly outline the possibilities of
immersive technologies for research and how the Extrality Lab at Stockholm University serves as an infrastructure
to prototype state-of-the-art solutions that merge physical tangible interaction and virtual environments in novel
applications. We also describe how 3D digital tools may be used for research purposes, taking as an example
the project SECE, which aims to study novel interactions, technology-supported artistic expressions, and the
future of mobile computing in a cross-disciplinary team in Stockholm. More details about the Extrality Lab at
https://extralitylab.dsv.su.se/.
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1. Introduction

The interplay between technologists and humanities scientists has enabled the advancement of scholarship
in digital humanities, the interdisciplinary field concerned with the application of computational or digital
methods to questions in humanities research, along with the critical examination of how digitalization
shapes culture and society [1, 2]. Libraries and museums, which may be stereotypically attributed as
analog settings, have been early adopters in the technological disruption. Even the first optical character
recognition (OCR) algorithms were rapidly used for digitizing historical books at scales not possible
with manual methods [3]. Similarly, more recent advances in 3D scanning and computer vision are the
foundation for virtual tours of cultural heritage sites and creating digital replicas of archaeological artifacts
and relics that require delicate physical preservation [4, 5]. In this paper, we discuss the possibilities of
immersive digital media and tangible interaction as research methods in cross-disciplinary work. More
specifically, we refer to the emergent technologies named Extended Reality (XR) and the potential of
using the Extrality Lab at Stockholm University as a piece of infrastructure to support new research
endeavors in digital humanities [6].

The acronym XR is an umbrella term for several tools that combine digital 3D objects with physical 3D
space. It encompasses other technologies known as virtual, augmented, and mixed reality (VR/AR/MR,
respectively). VR fully immerses users in computer-generated environments, while AR overlays digital
information onto the real world, and MR allows digital and physical elements to interact in real time [7].
Researchers have largely studied the opportunities and challenges of XR experiences that are possible
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Figure 1: Resources at Extrality Lab: The multifunctional setup at Extrality Lab allows easy transition from
standard seated settings to open spaces for public demonstrations.Left: A person wearing a headset to explore a
single-user XR experience. Right: Two participants engage in a shared narrative that combines virtual worlds and
physical objects with tangible interaction.

beyond purely physical or digital spaces. More recently, policy makers have also outlined initiatives to
explore XR, such as the European roadmap for education and healthcare [8] or the Swedish funding in
XR for sustainable innovation'.

An underlying principle of these immersive systems is to create hands-free digital applications that let
users collaborate without diverting attention to physical screens, including phones. The main interface in
XR utilizes smartglasses and headsets as a medium to interact with 3D content through natural gestures
(e.g., voice, hands, eye movements) [9, 10]. For instance, a museum visitor wanting to know more about
a piece of art would get digital information projected directly onto their glasses, rather than reading a
label or a screen [11]. Similarly, a collaborative project with XR would let people maintain interactions
while standing and facing each other, where the relevant information appears seamlessly as virtual panels
in the physical room rather than having to sit in front of physical screens [12, 13].

Overall, XR may support digital humanities by creating immersive, interactive environments that
allow scholars and the public to experience cultural, historical, and artistic artifacts in new ways. For
researchers, it enables novel forms of data visualization, exploration of sensitive objects, or interactions
blending storytelling with embodied experiences that are aware of the physical space. In the remainder
of the paper, we describe Extrality Lab as a physical space that may be used as an infrastructure for the
exploration of XR for varied use cases, and also summarize the project SECE as a successful example
that leverages the infrastructure to explore questions related to interaction design, future 6G networks,
and technology-supported artistic performances in other words blending research from computer science,
engineering, and the arts.

2. Extrality Lab: Extended and Tangible Reality Lab

The Extrality Lab is a central research environment dedicated to advancing knowledge in immersive
systems, tangible interaction, and embodied computing, as well as enabling novel digital humanities
research approaches. It may be considered a suitable infrastructure for digital humanities [2]. Equipped

Thttps://www.vinnova.se/en/calls-for-proposals/emerging- technology-solutions/feasibility- studies-xr- sweden- 6g-2024-01699/

Proceedings of the second Huminfra Conference (HiC2025) 65


https://www.vinnova.se/en/calls-for-proposals/emerging-technology-solutions/feasibility-studies-xr-sweden-6g-2024-01699/

with a full suite of XR devices, professional media production tools, and a fabrication workshop for
physical prototyping, the lab provides researchers with the means to conduct systematic experimentation
on the design and evaluation of emerging interaction paradigms.

The physical and human resources available at Extrality Lab have served as a scientific and technical
framework for existing research projects at higher education institutions and through collaborative
partnerships. Some of the developed immersive experiences have targeted the design and evaluation of
educational tools to explain abstract concepts, such as learning introductory-level programming structures
[14] or encryption algorithms for cybersecurity [15]. Another line of research in interaction design
and user modeling has explored how novel 3D interfaces may affect human factors like the sense of
embodiment toward digital avatars [16] or the elicited emotions from virtual content [17].

Lastly, the intersection of XR and related immersive technologies with artistic performances has
facilitated the understanding of how performers and audience members interact in worlds with virtual
and tangible interaction (see Figure 1). These activities explore novel opportunities of participation, their
collaborative roles, and their agency within artistic productions [18]. The infrastructure at the Extrality
Lab has been available to keep exploring similar questions through the lens of emergent technologies,
such as in the SECE project described below, which represents the future of mobile computing and shared
engagement in immersive digital environments.

3. SECE: Shared Engagement in Cultural Events with Mixed Reality

3.1. Motivation

MR in the context of multi-user experiences is relatively unexplored due to technological restrictions that
were overcome only in 2024, allowing headsets to run colocated applications in a wireless mode without
depending on desktop computers for 3D rendering. Therefore, SECE is one of the first projects to build
MR collaborative experiences for shared engagement in digital environments and test them in a real-life
outdoor setting. The project is a collaboration between the Extrality Lab at Stockholm University, the
ConsumerLab at Ericsson Research, and Kulturhuset Stadsteatern. This project explores multidisciplinary
research questions related to XR interactions, telecommunications (5/6G, WiFi 6e and beyond), and
artistic performances, such as: how can immersive MR interactions enable new dynamics between actors
and audience in an interactive performance?, what are the network challenges when running a mobile
MR experience outdoors?, and how can MR support novel and meaningful social interactions when
designing interactive artistic performances?.

Previous XR research has primarily addressed either single-user experiences or collaborative systems
relying on multi-device configurations. Current headsets feature real-time see-through capabilities with
co-location features through the real-time matching of a room’s point cloud, allowing several users placed
in the same space to interact with the same aligned virtual content.

As for use of VR in both learning and the arts, as presented at HumInfra Conference 2024[19], new
technology brings opportunities but also challenges on how to organize the process of synchronizing the
work of all parties involved. XR comes with its own challenges that need addressing when designing and
implementing. For SECE, the core is the novel multi-user colocated application that allows transitions
between reality, MR, and VR using digital portals to support the study of how smartglasses and headsets
may work as a platform to perform synchronous and collaborative tasks that seamlessly transition between
fully digital and fully real settings (see Figure 2, and next section). A full description of the technical
setup has been published previously in a scientific conference [20, 21], and more related information
about SECE is available at the project’s website?.

Zhttps://www.su.se/english/research/research-projects/mixed-reality-shared-engagement-in-cultural-events-sece
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Figure 2: Snapshot of the XR colocated experience SECE: Leff: Several participants wearing XR headsets
interact with co-located virtual cubes (blue) to design an art performance combining real and virtual objects. Right:
Perspective of a participant not wearing XR headset and therefore unable to see the digital content in the physical
space.

3.2. Demo and Implementation

XR Interaction Applications: Previous work on multi-user XR systems for cultural heritage found
that object interactivity and user-generated content significantly enhance engagement [22]. Therefore, in
the SECE project, we developed applications to facilitate the design of artistic participatory experiences.
First, the leader of the artistic performance can perform object placement (see Figure 2-Left), where a
set of virtual 3D elements will float in the physical space and become interactable for anyone wearing
a headset. A second application enables mid-air drawing, where the virtual pens can be placed in the
3D space and the participants can create scribbles and traces in the 3D space. The third application
supports character control, where the movement trajectory of a character, a butterfly in the SECE case, is
controlled by the users to move the virtual elements in the physical room. Lastly, spatial audio sources
can be placed to complement a multisensory experience. All virtual elements are updated in real-time to
give all participants a synchronous immersive experience.

Performance Preparation: The first participant entering the XR experience acts as the session’s leader
and should set up a digital scan of the physical room to be processed in the headset. This process captures
point-cloud data from the physical space and the contextual information of the surrounding physical
objects, such as tables, doors, or plants. The room’s contextual data creates the spatial anchor, enabling
the colocation of other participants. When the other participants access the same application in their
headsets, the room data is synchronized to let everyone see the virtual objects in the same place, despite
looking at them from different perspectives.

Artistic Storyline: The leader of the artistic performance can use the available XR interaction appli-
cations to control the narrative of the immersive experience. The preliminary performative storyline of
SECE unfolds in three acts.

Evaluation: The objectives of the SECE project involve analysing how XR reshapes sensemaking,
artistic expression, and audience engagement in collaborative performances. The first analysis moment
was conducted indoors at Kulturhuset in June 2025, and the final outdoor performance is planned for June
2026 at Sergelstorg. The data collected is primarily qualitative, with interviews and video recordings
that inform the possibilities for the future design of mobile digital experiences with immersive systems,
specifically in artistic settings.
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4. Conclusion

This paper describes Extended Reality (XR) as a tool or method that may support current research in
digital humanities. More specifically, we describe how the Extrality Lab can serve as an infrastructure
for the design and development of such projects at the Department of Computer and Systems Sciences
(DSV) of Stockholm University. Lastly, we present the SECE project as a case of multidisciplinary
work that creates a complex MR interactive experience to address questions related to interaction design,
telecommunications, and performative arts.

Acknowledgments

The authors would like to acknowledge all team members of the research project “Mixed Reality
Shared Engagement in Cultural Events (SECE)” at Kulturhuset Stadsteatern, Stockholm University,
and Ericsson Research. This work is funded by DSV at Stockholm University and Digital Futures (see
https://www.digitalfutures.kth.se/).

References

[1] C. Warwick, M. Terras, J. Nyhan, Digital Humanities in Practice, Facet, 2012, p. xiii—xx. doi:10 .
29085/9781856049054.

[2] D. M. Berry, A. Fagerjord, Digital Humanities, Polity, 2017.

[3] M. J. Wachowiak, B. V. Karas, 3d scanning and replication for museum and cultural heritage
applications, Journal of the American Institute for Conservation 48 (2009) 141-158. doi:10.
1179/019713609804516992.

[4] H. Wang, Z. Gao, X. Zhang, J. Du, Y. Xu, Z. Wang, Gamifying cultural heritage: Exploring the
potential of immersive virtual exhibitions, Telematics and Informatics Reports 15 (2024) 100150.
doi:10.1016/7j.teler.2024.100150.

[5] S. Robson, S. MacDonald, G. Were, M. Hess, 3D recording and museums, Facet, 2012, p. 91-116.

[6] M. S. Anwar, J. Yang, J. Frnda, A. Choi, N. Baghaei, M. Ali, Metaverse and xr for cultural heritage
education: applications, standards, architecture, and technological insights for enhanced immersive
experience, Virtual Reality 29 (2025). doi:10.1007/s10055-025-01126~z.

[7] P. Milgram, F. Kishino, A Taxonomy of Mixed Reality Visual Displays, IEICE Trans. Information
Systems E77-D, no. 12 (1994) 1321-1329.

[8] European Commission, Directorate-General for Communications Networks, Content and Technol-
ogy, C. Boel, K. Dekeyser, F. Depaepe, L. Quintero, T. Daele, B. Wiederhold, Extended reality :
opportunities, success stories and challenges (health, education), Publications Office of the European
Union, 2023. d0i:10.2759/121671.

[9] P. Manakhov, L. Sidenmark, K. Pfeuffer, H. Gellersen, Gaze on the Go: Effect of Spatial Reference
Frame on Visual Target Acquisition During Physical Locomotion in Extended Reality, in: CHI *24 :
Proceedings of the 2024 CHI Conference on Human Factors in Computing Systems, Association
for Computing Machinery, 2024, pp. 1-16. doi:10.1145/3613904.3642915.

[10] K. Pfeuffer, B. Mayer, D. Mardanbegi, H. Gellersen, Gaze + pinch interaction in virtual reality, in:
Proceedings of the 5th Symposium on Spatial User Interaction, ACM, Brighton United Kingdom,
2017, pp. 99-108. d0i:10.1145/3131277.3132180.

[11] Y. Shu, Virtual tours in digital museums: Vr and ar technologies in the modern cultural space,
International Journal of Human—Computer Interaction (2025) 1-17. doi:10.1080/10447318.
2025.2537799.

[12] M. K. Bekele, R. Pierdicca, E. Frontoni, E. S. Malinverni, J. Gain, A survey of augmented, virtual,
and mixed reality for cultural heritage, Journal on Computing and Cultural Heritage 11 (2018) 1-36.
doi:10.1145/3145534.

Proceedings of the second Huminfra Conference (HiC2025) 68


https://www.digitalfutures.kth.se/
http://dx.doi.org/10.29085/9781856049054
http://dx.doi.org/10.29085/9781856049054
http://dx.doi.org/10.1179/019713609804516992
http://dx.doi.org/10.1179/019713609804516992
http://dx.doi.org/10.1016/j.teler.2024.100150
http://dx.doi.org/10.1007/s10055-025-01126-z
http://dx.doi.org/10.2759/121671
http://dx.doi.org/10.1145/3613904.3642915
http://dx.doi.org/10.1145/3131277.3132180
http://dx.doi.org/10.1080/10447318.2025.2537799
http://dx.doi.org/10.1080/10447318.2025.2537799
http://dx.doi.org/10.1145/3145534

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Y. Li, R. Yang, J. Zou, H. Xu, F. Tian, Human-centric virtual museum: Redefining the museum expe-
rience through immersive and interactive environments, International Journal of Human—Computer
Interaction 41 (2024) 8426—8437. doi:10.1080/10447318.2024.2408861.

J. Ekman, J. Solsona, L. Quintero, Codeseum: Learning Introductory Programming Concepts
through Virtual Reality Puzzles, in: ACM International Conference on Interactive Media Experi-
ences, ACM, 2024, pp. 192-200. doi:10.1145/3639701.3656306.

M. Bernsland, A. Moshfegh, K. Lindén, S. Bajin, L. Quintero, J. Solsona Belenguer, A. Rostami,
CS:NO - an Extended Reality Experience for Cyber Security Education, in: ACM International
Conference on Interactive Media Experiences, Aveiro, Portugal, 2022, pp. 287-292.d0i:10.1145/
3505284.3532971, series Title: IMX ’22.

J. Ulrichs, A. Matviienko, L. Quintero, Effects of Third-Person Locomotion Techniques on Sense
of Embodiment in Virtual Reality, in: Proceedings of the International Conference on Mobile and
Ubiquitous Multimedia, MUM °24, Association for Computing Machinery, New York, NY, USA,
2024, pp. 72-81. doi:10.1145/3701571.3701598.

L. Quintero, User Modeling for Adaptive Virtual Reality Experiences: Personalization from Behav-
ioral and Physiological Time Series, Department of Computer and Systems Sciences, Stockholm
University, Stockholm, 2023.

A. Rostami, Interweaving Technology: Understanding the Design and Experience of Interactive
Performances, Department of Computer and Systems Sciences, Stockholm University, Stockholm,
2020.

HiC-2024 Abstract Submissions, Géteborg Universitet, 2024. URL: https://ecp.ep.liu.se/index.php/
hic/issue/view/84/88.

L. Quintero, A. M. B. M. Pinheiro Braga, N. Petersson, U. G. Fors, Transitional Portals for
Participatory Co-Located Cross-Reality Experiences, in: Proceedings of the 2025 ACM International
Conference on Interactive Media Experiences, IMX ’25, Association for Computing Machinery,
New York, NY, USA, 2025, pp. 368-371.doi:10.1145/3706370.3731708.

L. Quintero, E. Bennaceur, L. Ahlnis, M. Bjorn, Hands-On Orchestra: Hand-based Interactive
Manipulation of Spatial 3D Audio in Mixed Reality, in: Proceedings of the 2025 ACM International
Conference on Interactive Media Experiences, IMX °25, Association for Computing Machinery,
New York, NY, USA, 2025, pp. 342-345.doi:10.1145/3706370.3731713.

Y. Li, E. Ch’ng, S. Cobb, Factors Influencing Engagement in Hybrid Virtual and Augmented Reality,
ACM Trans. Comput.-Hum. Interact. 30 (2023) 65:1-65:27. doi:10.1145/3589952.

Proceedings of the second Huminfra Conference (HiC2025) 69


http://dx.doi.org/10.1080/10447318.2024.2408861
http://dx.doi.org/10.1145/3639701.3656306
http://dx.doi.org/10.1145/3505284.3532971
http://dx.doi.org/10.1145/3505284.3532971
http://dx.doi.org/10.1145/3701571.3701598
https://ecp.ep.liu.se/index.php/hic/issue/view/84/88
https://ecp.ep.liu.se/index.php/hic/issue/view/84/88
http://dx.doi.org/10.1145/3706370.3731708
http://dx.doi.org/10.1145/3706370.3731713
http://dx.doi.org/10.1145/3589952



