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Abstract: Writing is an essential cultural technique, and
the resulting artefacts are an important part of cultural
heritage. The Cluster of Excellence ‘Understanding Written
Artefacts’ is an interdisciplinary and cross-cultural long-
term project dedicated to studying so-called ‘written arte-
facts (WA)’. Our work introduces immersive technologies
such as virtual, augmented, and mixed reality to the re-
search cluster for the first time.

In this paper, we outline the scope of our research
project and present our current implementations of im-
mersive applications based on two scenarios involving in-
scribed spaces. So far, immersive technologies have not
been used in academia to create research focused appli-
cations for exploring, analysing, and understanding WA
within their inscribed space, including providing access to
appropriate spatial and temporal contexts. Thus, we col-
laborate closely with researchers from the humanities to
create interactive and immersive applications for the novel
field of WA research.

The results of our preliminary user study show high
ratings in the sense of presence in the virtual environ-
ments and indicate that immersive spatial context could
add new perspectives for understanding WA. We hope to
provide valuable insights on the design of immersive ap-
plications to support future research in novel fields.
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1 Introduction

Writing and inscriptions shape landscapes, cityscapes,
and interior spaces. They are an essential cultural heritage
that we consider as ‘Written artefacts (WA)’, which is a con-
cept being developed by the Cluster of Excellence ‘Under-
standing Written Artefacts (UWA)’ at Universitdt Hamburg.
It is a cover term for all objects produced by human be-
ings which carry handwriting or visual signs applied by
hands. Due to their cultural significance, increasing efforts
are made to catalogue, digitize, and provide access to WA
from all over the world [4, 9, 19, 24].

As an interdisciplinary and cross-cultural project, the
Cluster studies the cultural impact of WA on human so-
cieties and establishes collaboration between the human-
ities, natural sciences, and computer science, including
human-computer interaction (HCI). With our work in the
field of HCI, the usage of immersive technologies are rep-
resented in the Cluster for the first time. We explore the ap-
plication of immersive technologies such as virtual, aug-
mented, and mixed reality (VR, AR, MR) in the novel
field of WA research. Although spatial context is essential
when studying inscriptions, traditional documentation
and analysis methods in fields like archaeology or epigra-
phy are mainly based on 2D or non-immersive representa-
tions. Immersive technologies have so far not been used in
academia for creating interactive tools for analysing and
understanding WA. Therefore, we are developing research
focused, immersive applications that allow researchers to
access and study the inscribed spaces and the WA with the
appropriate spatial and even temporal context.

This paper outlines our interdisciplinary project in col-
laboration with researchers from the fields of classical ar-
chaeology, epigraphy, ancient history, literary studies, the-
ology, and materials science. We give an overview of our
current implementations and present the results of a pre-
liminary user study. We developed immersive and inter-
active applications based on two scenarios involving in-
scribed spaces:

1. A large-scale outdoor scenario revolving around the
ancient Roman theatre of Miletus in Asia Minor, and
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2. the interior of the church at the Rittergut Lucklum in
Germany.

2 Related Work

Immersive technologies have been used since the early
1990s for scientific data exploration and architectural vi-
sualizations in a historical context [20]. They have been
further discussed and utilized since the emergence of the
field of digital heritage [10, 21]. One current example is the
ongoing Ganjali-Khan research initiative that is using 3D
scanning and VR technologies for documenting large his-
torical landmarks [7]. Moreover, immersive technologies
are used for digital preservation and the production of vir-
tual heritage spaces [13, 30, 31], such as in the field of ex-
hibitions, museums, and tourism [2, 12, 22, 25].

Furthermore, there are immersive projects in the
emerging research area of digital epigraphy [24], such as
the ‘Digital Epigraphy and Archaeology Project’ of the Uni-
versity of Florida that explored the usage of VR, ARand MR
technology with head-mounted displays (HMDs) and mo-
bile devices to display 3D visualizations of inscribed ob-
jects [3, 5, 6].

While existing work focuses mainly on digitization
and visualization of places, buildings or collections of in-
scriptions, our research considers the inscribed space as
a whole, focuses on interactive research applications, and
places WA into a spatial and temporal contexts. In our pre-
vious work, we introduced our human-centred design ap-
proach for the two application scenarios described in this
paper [11] and introduced our iterative development pro-
cess with focus on our initial VR applications. In this pa-
per, we present the continuation of our work. It includes
further use cases and implementations of various immer-
sive and interactive applications for the study of inscribed
spaces and written artefacts, as well as a preliminary user
study of the developed VR applications.

3 Understanding Written Artefacts

The Cluster of Excellence ‘Understanding Written
Artefacts: Material, Interaction and Transmission in
Manuscript Cultures (UWA)’ was established in 2019 and
is part of the Centre for the Study of Manuscript Cultures
(CSMC)! at the Universitit Hamburg. The Cluster follows

1 https://www.csmc.uni-hamburg.de/
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a holistic and interdisciplinary approach with close col-
laboration of researchers from the humanities, natural
sciences, and computer science. It is dedicated to study-
ing so-called ‘written artefacts (WA)’, a cover term for
all objects produced by human beings on which visual
signs are applied by hand. This includes manuscripts from
shopping lists to copies of literary works, and inscriptions
ranging from kingly dedications to anonymous graffiti.

The concept of ‘written artefacts’ was established fol-
lowing nearly two decades of research at the CSMC and
its predecessors. The realization that traditional distinc-
tions made in Western European manuscript studies disre-
gard important aspects of manuscript cultures resulted in
a shift towards a closer study of the artefacts themselves.?

The Cluster is structured into five research fields: (A)
Artefact Profiling, (B) Inscribing Spaces, (C) Creating Orig-
inals, (D) Formatting Content, and (E) Archiving Artefacts.
While Artefact Profiling focuses on the scientific methods
of material analysis and the development of preservation
methods, the four other fields address cultural practices
and the impact of WA on culture production and transmis-
sion. As part of (B) Inscribing Spaces, we incorporate im-
mersive technologies into this research field and explore
new methods and perspectives for the study of WA in rela-
tion to spatial and temporal contexts.

4 Scenarios

4.1 Immersive City Scripts: Inscriptions and
the Construction of Social Spaces in
Miletus

This large-scale outdoor scenario focuses on inscriptions
in the ancient theatre of Miletus in Asia Minor (Turkey)
(see Figure 3) from the Greco-Roman period, which range
from hastily engraved graffiti to carefully carved letters.
Their perception is influenced by the particular text and
their formal design, material, and location, which reveal
the spatial constructions of the public space. For example,
so-called topos-inscriptions were created to permanently
represent different groups of people in the cityscape and
structure public spaces. This project involves researchers
from classical archaeology, epigraphy, ancient history,
and HCI. Over 300 inscriptions and other incised signs
of usage, such as game-boards, will be comprehensively
recorded and analysed in their entirety for the first time.

2 https://www.csmc.uni-hamburg.de/sfb-950/about.html
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Figure 1: Archaeologist doing field research and recording an in-
scription in the ancient theatre of Miletus. ©A. L. Osthof.

While most of the WA are located on top of the seating
stairs, others are found in the profile of the stairs and on
walls or columns inside the remains of the ancient theatre.
Field research for collecting and recording the WA data is
being done at the theatre of Miletus, as illustrated in Fig-
ure 1. To give some simplified examples, the WA are carved
into the stone and can be an inscription written in ancient
Greek, a game-board consisting of squares or circles, or a
little drawing among others. They can be large, for exam-
ple, spanning across a whole seating stair or tiny and shal-
low or hidden inside the profile of stairs which makes them
hard to detect. The recorded findings include the location,
carrier, size and a detailed description of the WA among
other information. In addition, photos of the WA are taken
from different angles and distances for documentation. All
findings will be digitized and integrated into a digital ver-
sion of the theatre, where the real-world positions of the
WA are mapped to the digital 3D model. We created the
model from 3D scanning and photogrammetry data cap-
tured at the theatre. The theatre of Miletus used to have a
seating capacity of about 15,000 people on three tiers’ but
today, only the first tier and parts of the second tier remain.
Therefore, former structures such as the stage and third
tier of the theatre were digitally reconstructed. During the
project, we are implementing immersive applications, for
example for virtual reality headsets, and integrate the digi-
tal data. The VR application allows the researchers to walk
around and explore the virtual theatre and view the re-
constructions. Furthermore, researchers can interact and
view the collected information on each WA. We are test-
ing various functions for visualizing, analysing, and cat-
egorizing the recorded data on the WA inside the virtual

3 http://www.fhw.gr/choros/miletus/en/theatro.php
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Figure 2: Left: XRF-scanning of an area of an emblematic painting;
right: intensity image of one scanned area. ©S. Bosch.

theatre. With the applications, we create an immersive in-
scribed space in which researchers can gain new perspec-
tives, study the WA with spatial and temporal relation, and
visualize ancient social practices over time.

4.2 The Interior of the Church in Lucklum:
A Compendium of Early Modern
European Emblematics

The church in Lucklum (located in Lower Saxony, Ger-
many) houses an outstanding collection of 209 Latin in-
scriptions and 156 emblematic paintings from the early
eighteenth century (see Figure 4), collected and pub-
lished by Steiger et al. [27]. This indoor scenario covers a
multi-story enclosed space and examines particularly rel-
evant constellations of the WA and how they structure
the church’s interior as a space of meditation and prayer.
The inscriptions and emblematic paintings are applied to
wooden panels which are located all over the interior of the
church — with structures near the ground, at the church’s
pulpit, on the gallery, on the walls, and on the ceiling. The
emblematic paintings come in different sizes and shapes.
Most of the Latin inscriptions are located on top and be-
low the paintings. This project involves researchers from
the fields of theology, literature, art history, materials sci-
ence, and HCI. Part of the project is dedicated to the non-
invasive detection and reconstruction of potential earlier,
hidden layers in the inscriptions and emblematic paint-
ings in the interior of the church, which were painted over
in the early eighteenth century. For this process, X-ray
fluorescence analysis (XRF-scanning) is used which is a
method for determining the elemental composition of in-
organic materials, in this case inside the used paint. The
XRF-scanning process and an example of the output im-
age for an emblematic painting can be seen in Figure 2.
The XRF-scanning outputs colour mapped square images
of each scanned area, which shows the intensity of the
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Figure 3: (a) photo of the theatre of Miletus ©A. L. Osthof and C.
Berns, (b) 3D model of the theatre with reconstructions, (c) recon-
structed stage, and (d) side view of theatre with reconstructed 3rd
tier and seating rows.

measured X-ray fluorescence. The detailed results of this
material analysis and the architectural-historical interpre-
tations will be published in corresponding further publi-
cations within the scope of the UWA project. We digitized
the interior of the church based on laser scanning data
and high-resolution photographs of the emblematic paint-
ings. The 3D model, inscriptions, emblematic paintings,
and uncovered layers will be integrated into various im-
mersive applications within the course of the project. In
the VR application, researchers can freely explore the in-
terior of the church and view the emblematic paintings
in real size. In addition, information on each emblematic
painting and their corresponding inscriptions is extracted
from the publication of Steiger etal. [27] and integrated
into the applications. The information includes the titles
of the paintings, sources, and descriptions among others.
Reference pictures for the motifs depicted in the paint-
ing will be included as well. The applications allow re-
searchers to explore and study the WA with spatial context
in an immersive environment, such as inside the digitized
interior of the church in VR. Moreover, the visualization of
earlier hidden layers provide additional temporal context
for analysing the WA and their constellations.

5 Immersive Inscribed Spaces —
Implementations

Within the course of this interdisciplinary project, we are
iteratively developing immersive applications to explore
new ways of studying written artefacts. Based on the feed-
back we received so far from researchers in the humanities,
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Figure 4: (a) photo of the interior of the church in Lucklum ©). A.
Steiger, (b) 3D model, (c) 3D model view of the pulpit, and (d) 3D
model view of the ceiling.

immersive technologies like virtual reality could prove to
be excellent tools for answering current questions in the
humanities. In particular, historical urban studies and re-
lated fields of work such as the projects presented in this
paper often deal with dynamic spaces whose perception
and interpretation are also shaped by the movement of the
recipient [16]. While traditional tools such as maps, per-
spective drawings or even non-immersive 3D reconstruc-
tions, only allow for comparatively abstract recreations
of corresponding experiences, due to their static nature.
In contrast, immersive technologies and interactive im-
mersive applications open up truly new perspectives in
this regard. Instead of merely providing 3D visualizations,
these applications allow users to freely explore and inter-
act with the virtual inscribed space, including accessing
and analysing the WA with spatial and temporal contexts.

For the development of the immersive applications, re-
searchers from the humanities and materials science are
providing us with various data and their research results
on written artefacts. This data includes recorded inscrip-
tions and emblematic paintings, image data, translations,
descriptions, and categorizations, among others. Based on
the provided data and the requirement analysis that we
presented in on our previous work [11] we defined appro-
priate content, features, and interactions for our immer-
sive applications. In summary, we are focusing on the fol-
lowing core aspects for the technical implementation and
research focused features:
— Creating true-to-scale 3D models of both spaces
— Reconstruction of inscribed spaces:

visualizing former structures and hidden layers
— Spatial and temporal visualization of digitized WA

data
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Figure 5: Intensity images of hidden layers (©S. Bosch) as overlays
on a section of an emblematic painting (©). A. Steiger); from left to
right: no overlay, 50% opacity, full opacity.

- Structuring of WA data including comparing, sorting,
and filtering

— Interactive exploration and analysis of immersive in-
scribed spaces

According to our user-centred approach, we closely in-
volved the researchers from the humanities in the develop-
ment process. Due to the COVID-19 restrictions, we imple-
mented a remote collaboration process with regular meet-
ings through the video conferencing tool Zoom and work
with VR prototypes on the Meta Quest 2 for demonstrating,
discussing, and testing the implemented content. For the
implementation of the applications, we are using the 3D
engine Unity. General interactions and controls are imple-
mented using Microsoft’s Mixed Reality Toolkit (MRTK) to
ensure multi- and cross-platform compatibility. The true-
to-scale 3D models of the inscribed spaces were created
with the software Agisoft Metashape based on data pro-
vided by our cooperation partners. Photogrammetry based
on drone images was used for creating the 3D model and
textures for the theatre in Miletus (see Figure 3) and point
cloud data from laser scans was processed for creating the
digital version of the church’s interior (see Figure 4). To
archive higher quality meshes and textures for both 3D
models and to add further areas such as staircases, we will
integrate additional photogrammetry and scanning data
into both models in the further course of the project in
2022. We created the 3D reconstructions of former struc-
tures in Miletus with the software Blender. The reconstruc-
tions include the stage, the entire third tier, and the last
seating rows in the first and second tier. 2D elements such
as Ul panels containing information and images on the
WA (see Figure 6) and hidden layers in the emblematic
paintings were built with sprite overlays. The overlays of
the hidden layers are displayed inside information pan-
els as well as directly on top of the paintings in the vir-
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Figure 6: Spatial 3D panels with WA information. Left: Miletus ver-
sion with location pins on stairs, right: Lucklum version with mark-
ers on painting.

tual inscribed space itself. As seen in Figure 5 the opac-
ity of the overlay can be freely adjusted by the user inside
the applications. As reported in our previous work [11], we
based our implemented interaction and locomotion tech-
niques on common patterns found in VR games and ap-
plications [14, 17, 29]. During the project, we plan to re-
fine, adjust, and extend these patterns based on user feed-
back to suit the needs and requirements of research fo-
cused applications. Based on the provided data and the
user requirements, we developed prototypes of various im-
mersive applications for different platforms. In the follow-
ing subsection, we present our current development status
with the implemented features. These prototypes will be
iteratively developed, adapted, and updated with further
content during our project:

5.1 Virtual Reality - HMD and CAVE

For the virtual reality setting, we developed two VR appli-
cations based on each scenario for use with head-mounted
displays (HMDs). We chose to use the standalone Meta
Quest 2 HMD in the current project phase (and due to the
COVID-19 restrictions) as this allowed us to send out the
devices to the WA researchers from the humanities. Within
the VR applications, users can explore the true-to-scale
3D models of the inscribed spaces. An example of the in-
teraction in the VR environment is shown in Figure 7. In-
side the virtual inscribed space, reconstructions of former
structures of the ancient theatre in Miletus (see Figure 3)
and hidden layers in the emblematic paintings inside the
church in Lucklum (see Figure 5) are visualized. Moreover,
the real-world locations of the WA are marked with respec-
tive 3D pins or markers in the virtual environment and
users can open spatial information panels containing the
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Figure 7: VR application of the church’s interior showing the teleport
and pointer highlight function.

Figure 8: CAVE in monoscopic view mode without positional tracking
of the user, allowing multiple users to join and leave at any time.
CAVE shows the reconstructed stage of the theatre.

digitized WA data at the respective WA locations as dis-
played in Figure 6.

We also created a prototype for displaying the the-
atre of Miletus including the reconstructions and infor-
mation panels inside the Cave Automatic Virtual Environ-
ment (CAVE) in our HCI laboratory, which is pictured in
Figure 8. Our 4-sided CAVE setup uses four full-HD pro-
jectors with three walls and the floor as projection sur-
faces and has a total size of 3.15 x 4.2 x 2.36 metres (D x
W x H). A detailed description of the technical setup in-
cluding an illustration of our CAVE is given by Schmidt
and Steinicke [25]. The user’s head position and rotation
are tracked with retroflective markers and an optical cam-
era system by OptiTrack. The markers are attached to ac-
tive shutter glasses and defined as a so-called rigid body
within the tracking system. The shutter glasses allow the
CAVE projection to be displayed in two modes — a stereo-
scopic view mode which shows one image for each eye and
a monoscopic view mode as pictured in Figure 8.
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Figure 9: Left: testing overlay function of smartphone AR application
with a digital display; right: Nreal light showing 3D pin and informa-
tion panel on theatre stairs, captured in Miletus.

The current CAVE setup allows interactive exploration
of the inscribed space via marker-based head pose track-
ing and simple controller and keyboard input. In the fu-
ture, spatially tracked controllers (6DoF) and the interior
of the church will be added to the application.

5.2 Augmented and Mixed Reality

As a major part of the work for the WA researchers takes
place on-site, we are investigating the use of immersive
technology to support and improve their current workflow.
In our project, we are exploring the use of mixed real-
ity HMDs such as the Microsoft HoloLens 2 or the Nreal
Light glasses for displaying spatial mixed-reality content
inside the real world. In addition, we are also prototyping
and testing mobile augmented reality solutions for smart-
phones to make the applications more easily accessible to
a larger group of users.

We built two prototypes to display hidden layers and
spatial WA information panels at their respective real life
locations. For our first prototype, we created a mobile
AR application for the emblematic paintings in Lucklum,
which uses Unity’s AR Foundation framework with image
tracking to display the scanned hidden layer on top of the
respective painting. To create the image marker, a picture
of the unique emblematic painting is imported into a refer-
ence image library. The hidden layer is shown as an over-
lay as soon as the image marker is recognized. The opac-
ity of this overlay can be manually controlled by the user
through a Ul slider on the display, as shown in the screen
capture in Figure 9. The painting’s name and numbering
are also displayed on the smartphone screen. Due to the
COVID-19 restrictions, we were unable to travel and test our
application on-site in the church. Therefore, we use a ver-
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Figure 10: Left: researchers discussing the content of the WA infor-
mation panel on the multi-touch table; right: adjusting opacity of
the emblematic painting overlay on the multi-touch table.

tical digital display screen to show emblematic paintings
for development and testing purposes, as pictured in Fig-
ure 9. Our second prototype uses the Nreal Light glasses to
display holograms of the 3D spatial markers and inscrip-
tion information panels inside the theatre of Miletus, as
seen in Figure 9. Currently, users can place a small selec-
tion of 3D Pins and interact with them to toggle the infor-
mation panels. In the future, we will work on additional
AR/MR concepts and plan to develop and test applications
for the Microsoft HoloLens 2. One interesting future use
case for the large-scale scenario in the theatre of Miletus
would be to help users find the inscriptions at their real-
world location. Since the placement of the 3D WA pins in
the true-to-scale 3D model of the theatre in VR application
correspond to the real-world positions of the inscriptions,
GPS-coordinates can be calculated based on their location
in the virtual environment. The coordinates could be used
to provide users on-site with approximate positions of the
inscriptions, as well as display additional information on
the large amount of WA in the theatre.

5.3 Multi-Touch Interfaces

We also use the digitized WA data with multi-touch in-
terfaces. Our current prototype supports touch interfaces
with native touch input, as well as the TUIO-protocol*
for custom multi-touch displays. This allows us to run
the application on our stereoscopic multi-touch table as
well as on commercially available touch screens and tablet
devices. Our current implementation uses our custom-
built multi-touch table in monoscopic view mode (see Fig-
ure 10) with TUIO input. The touch table consists of a 55-
inch ultra-high-definition TV display equipped with the
infrared multi-touch frame G4S by PQ-Labs. This setup

4 https://www.tuio.org/
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is attached to an adjustable mounting stand for chang-
ing height and inclination, which allows the display to be
used in both vertical and horizontal modes. The stand is
also movable and carries the PC the display is connected
to. Our current implementation offers direct manipulation
through multi-touch touch gestures such as tapping, scal-
ing, rotation, and translation of WA information panels
and emblematic paintings. Moreover, it provides Ul con-
trols for displaying and changing the opacity of the hid-
den layers on the emblematic paintings. The use of a large
multi-touch display for both scenarios could offer addi-
tional benefits such as collaborative work where users can
freely discuss, sort, and arrange information on the WA.
Moreover, the multi-touch prototype can be used during
the user-centred design and development of the immersive
applications for discussing specific aspects such as layout
and design for the WA information panels as pictured in
Figure 10.

6 Preliminary User Study

We conducted a preliminary remote user study with the de-
veloped VR applications for the two scenarios with seven
participants. The qualitative evaluation provided us with
valuable initial insights on the applications, including the
VR interaction concepts and the implemented features for
visualizing written artefacts and emblematic paintings.

6.1 Study Design

For the preliminary study, we tested the applications with
seven participants (2 female, 5 male), aged from 28 to 54
(M = 3957, SD = 11.47), including five members of the
UWA Cluster, with expertise ranging from classical archae-
ology, ancient history, epigraphy, literary study, and HCI.
The other two participants where PhD students recruited
from outside the Cluster project — one from the field of HCI
and one from ancient history. Five of the participants were
inexperienced VR users with no prior VR experience out-
side using our applications. Out of the seven participants,
two were VR expert users from the field of HCI, who had no
expertise with analysing written artefacts. All participants
signed an informed consent form before the study.

We conducted the study remotely via Zoom and pro-
vided the participants with Oculus Quest 2 HMDs. We
gave them instructions on the use of the HMD and the
Oculus Touch Controllers, as well as the basic interac-
tion and navigation functions in the VR applications. As
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Table 1: iPQ mean and SD.

iPQ Mean SD
General Item 5.14 0.90
Spatial Presence 4.86 0.62
Involvement 3.46 1.21
Experienced Realism 2.50 0.80

A aEs ™ NOT ACCEPTABLE

Figure 11: SUS mean and SD with overall and subscale scores.

qualitative evaluation method, we used free exploration
and thinking-aloud. Each participant was given 15 min-
utes to freely explore and interact with each VR environ-
ment. We tested both applications at once in order to com-
pare the requirements of both the scenarios and possi-
ble differences related to the size and type of the immer-
sive environment. Afterwards, we asked the participants
to fill out two questionnaires, the ‘igroup presence ques-
tionnaire (iPQ)’ [23, 26] and the ‘System Usability Scale
(SuUsy’ [8].

6.2 Results

For the evaluation of the System Usability Scale (SUS)
questionnaire, we calculated the overall mean (M) and
standard deviation (SD) as well as the SUS subscales
for Usability and Learnability according to Lewis and
Sauron [18]. Following the rating and visualization pro-
posed by Bangor etal. [1], the SUS adjective ratings and
acceptability ranges for the overall and subscale scores are
shown in Figure 11. Our applications scored within the ac-
ceptable SUS range on all three scales. Overall, the appli-
cations were rated ‘excellent’ on the adjective rating scale,
with M = 85.36 and SD = 8.59. The Usability subscale
(M = 84.82, SD = 10.43) falls slightly behind the over-
all rating, while the results revealed that the Learnability
(M = 87.50, SD = 12.50) is excellent according to the adjec-
tive rating.

The igroup presence questionnaire (iPQ) contains
a General Item for measuring the general ‘sense of be-
ing there’ and three subscales: Spatial Presence, Involve-
ment, and Experienced Realism. The iPQ uses a seven-
point scale, with scores from 0 to 6, where scores below
3 indicate disagreement and scores above indicate agree-
ment with the 14 iPQ items. The results of the iPQ and each
subscale are shown in Table 1. The General Item (M = 5.14,
SD = 0.90) and Spatial Presence (M = 4.86, SD = 0.62)
were rated positively and well above the median value of
3 by the participants, indicating that the sense of being

physically present in the virtual environment is perceived
to be quite high. The Involvement (M = 3.46, SD = 1.21) was
rated slightly above and the Experienced Realism (M =
2.50, SD = 0.80) slightly below the median value. The re-
duced involvement experienced in VR could be due to the
limited amount of placed inscriptions and implemented
interactions in the current development stage of the VR
applications. We expected a lower rating for Experienced
Realism, since the currently used 3D models are in a pro-
totype stage and require additional 3D scanning data for
further processing and improvement of the 3D meshes and
textures. Since we only collected data from a limited sam-
ple of seven participants for this preliminary study, no fur-
ther statistical data analysis was done.

In addition to the results from our questionnaires, we
were able to get qualitative feedback and first insights on
the applications from the thinking-aloud and our observa-
tions. All participants reported having a positive user ex-
perience (UX) in VR. They stated that they had the feeling
of being right there at the locations and that standing in
the virtual inscribed spaces, especially the large theatre of
Miletus, felt very impressive. Everyone, including the in-
experienced VR users, was able to securely navigate and
interact with the virtual environments during the study.
The inexperienced participants needed explanations for
the teleport function, but were able to use it successfully
after trying it out once. Two participants stated that they
required a few trials to get used to being teleported. An-
other important observation was the intuitive selection of
the inscription pins/markers and interaction with the in-
formation panels by all participants, although we did not
instruct them on the implemented selection pattern be-
forehand. All inexperienced participants reported that the
interactions in VR were easy to understand and execute.

We can also report some findings regarding actual
benefits and advantages for using these immersive appli-
cations in the context of WA research. The researchers
working on the ancient theatre of Miletus stated that be-
ing able to see and walk through the virtual theatre with
the reconstructions allowed them to get a good sense of
the distances, scale, and height of the structures. More-
over, spatial understanding, the architectural atmosphere,
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as well as paths through the theatre can be investigated
by moving through the virtual theatre with its reconstruc-
tions. The researchers explained that this allowed them to
gain new perspectives and a better spatial understanding
for the analysis of the WA, which is not possible in the
same way without the reconstructions on site at the real
theatre. During the study, this advantage of the virtual en-
vironment already resulted in new questions for the WA
researchers about the placement and importance of cer-
tain inscriptions — especially regarding an inscription lo-
cated on a remaining statue base next to the stage that was
not in question before. In Lucklum, spatial understanding
was also of great importance to the researchers. In addi-
tion, the visualization of the hidden layers added a tempo-
ral aspect to the emblematic paintings within the inscribed
space. The researchers stated that the findings from Luck-
lum and the uncovered hidden layers based on the XRF-
scans have already led to the earlier church interior being
dated correctly in comparison to previous research. They
noted that the virtual environment gives the unique op-
portunity to easily visualize, compare and directly contrast
the ‘layers’ inside the inscribed space (the interior of the
church). They stated that this is especially helpful when
working remotely, which is an aspect ever more important
in times of restricted travel and access to actual sites. Dur-
ing the user study, new requirements and feature requests
for investigating potential new research questions came
up: Tools for visualizing distribution, clustering, and con-
nections between different WA as well as teleport markers
to special points of interest inside the virtual spaces.

Reported and observed issues regarding the interac-
tions were the limited selection range and difficulties with
precise selection and interactions of remote objects such
as pins, markers, and information panels. Another issue
was the overlapping of the information panels in certain
areas.

Generally speaking, the qualitative feedback and ob-
servations match the results from the questionnaires,
which achieved high ratings in Learnability in the SUS and
for the sense of being physically present in the iPQ. The
remote user study provided us with first insights on the
existing challenges of interaction design for immersive re-
search applications. We identified two important issues to
address in future iterations: precise selection of distant ob-
jects and structuring of content in information-rich virtual
environments. It has to be noted that the preliminary user
study lacks detailed results and has limited validity due
to the small sample size. In the future, further compre-
hensive user studies are needed to obtain more in-depth
results. Nevertheless, we gained valuable initial insights
on potential benefits of immersive research applications
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and challenges regarding the design of appropriate inter-
actions which affect the usability and UX.

7 Conclusion and Future Work

In this paper, we outlined the scope of our research work
in creating interactive and immersive inscribed spaces for
the novel field of written artefacts research. In our inter-
disciplinary project as part of the Cluster of Excellence ‘Un-
derstanding Written Artefacts’, we collaborate closely with
researchers from the humanities to create interactive, im-
mersive applications and investigate new ways to study
inscribed spaces and understand WA. We introduced our
current implementations of applications for WA research,
including solutions for HMDs, CAVE setups, and smart-
phone AR, which allow the researchers to interactively ex-
plore WA in their spatial and temporal contexts within the
inscribed space. Furthermore, we gave an outlook for fu-
ture implementations and further use cases for immersive
technologies in WA research.

The results from our preliminary user study are pos-
itive, and the user feedback already points to potential
benefits of using immersive technologies in WA research.
As stated by the participants, the virtual environment al-
lowed them to get a sense of the distances and scales in the
3D space. Together with the visualization of former struc-
tures/layers, this enabled them to investigate written arte-
facts with a better understanding of the spatial and tempo-
ral contexts. So far, this has already raised new research
questions and helped with visualizing new findings re-
garding the WA. In addition, new requirements for the VR
applications emerged during the study for functions that
support the investigation of further new research ques-
tions. In this sense, the user-centred design and develop-
ment of the applications facilitates the understanding of
potential advantages of the immersive technologies for WA
research.

The study results also revealed existing challenges for
the interaction design of immersive research applications
with complex information structure. The findings suggest
that adaptive solutions for interactions, locomotion, and
structuring content might be required to achieve a good
user experience in information-rich research focused ap-
plications.

In future work, we will conduct more comprehensive
user studies with larger sample sizes to investigate and
validate the potential benefits of immersive applications
for WA research. Moreover, we will evaluate the usability
and UX of our applications. Following our user-centred de-
sign approach, we will continue to involve our users, the
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researchers from the humanities, in the development of
novel research tools and applications for understanding
WA. Future improvements for our applications include the
integration of adaptive solutions for interaction and loco-
motion such as distance- and size-independent methods
for fast and precise object selection as well as redirected
walking [15, 28, 29]. We will also work on a responsive
design for the spatial user interface and on solutions for
structuring and interacting with large amounts of informa-
tion in immersive research applications. The presented im-
plementations in this paper will be further developed and
additional content and functionalities for both scenarios
will be added.

Through our work, we hope to provide valuable in-
sights into the application of immersive technologies for
creating and exploring inscribed spaces and understand-
ing WA in academia and beyond. The resulting applica-
tions could also be used in the context of exhibitions or
museums in the future to make written artefacts more ac-
cessible to a wider audience and to promote their impor-
tance as cultural heritage.
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