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Figure 1: lllustrations of textual information presentation in virtual museums using three types of layouts: (a) environment-based
layout: panels fixed in the environment (e.g., on the wall, on the artifact pedestal); (b) Object-based layout: panels placed around the
artifact and move with it (e.g., on the top, by the side, using tooltips). (c) User-based: panels triggered around the user’s body and
move with the user (e.g., handheld panels).

ABSTRACT

In a physical museum, text descriptions are typically displayed on
placards or signage next to exhibits. Within a virtual museum envi-
ronment, these text descriptions can be presented in various ways,
such as fixed in the virtual environment, attached to the exhibits,
or held in users’ hands. By seamlessly integrating text descrip-
tions into the virtual environment and allowing users to engage with
the content, the information presentation can be highly interactive.
However, the design space of artifact information presentation in
virtual museums was under-explored. In this paper, we investi-
gated appropriate ways to present text descriptions of artifacts in
immersive virtual museums. Specifically, we studied (1) users’ per-
ceived importance of various information dimensions (observable,
non-observable, and interpretation), (2) users’ expected display of
text panels (shown or hidden), and (3) the relationship between
the artifact information dimensions and layout types (environment-,
object-, and user-based). Our results showed that participants rated
significantly higher importance for non-observable information than
observable and interpretation information. In addition, we sum-
marize a design space for artifact information presentation using
different layout types with prioritized options. Our work provides
insights for the interaction design of artifact information in virtual
museums and the presentation of text in virtual reality.

Index Terms: Human-centered computing—Human computer
interaction (HCI)—Interaction paradigms—Virtual reality; Human-
centered computing—Human computer interaction (HCI)—HCI
design and evaluation methods—User studies

1 INTRODUCTION

In the era of digitization, Virtual Museums (VMs) have become an
important way to preserve and disseminate cultural artifacts. The
VMs offer unique opportunities for exhibits, facilitating connec-
tions between artifacts and visitor that are unattainable in physical
museum settings [27]. A fundamental attribution of VMs is the
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ability to go beyond museum-specific exhibitions, combining the
collections and resources of multiple institutions in a single exhibi-
tion. Consequently, the realm of Virtual Reality (VR) allows for the
creation of an exhibition without the physical constraints of space
and type of artifacts on display [28], presenting a significant curato-
rial potential. Moreover, it enables the development of interactive
simulations featuring museum collections, mitigating the risk of
detrimental effects on the artifacts themselves.

One of the most fundamental aspects of virtual museum design
is the appropriate presentation of artifact information. Despite var-
ious multimedia can be adopted in VR, such as audios and video,
text descriptions of museum artifacts remain the default approach
to presenting and communicating artifact information. Thus, our
study aims to answer this research question: How should the text
descriptions of artifacts be presented in virtual museums? First, we
identify that previous research lacked a user-centered perspective
in the information presentation of artifacts. The text descriptions of
museum artifact were often written by professional following orga-
nizational and institutional guidelines, but visitors may be reluctant
to read long paragraphs [25]. Despite it was suggested that visitors’
interest and needs should be considered in artifact information pre-
sentation [22], it is not clear which dimensions are seen important
by users. Thus, we first explore how users perceive the importance
of various dimensions of artifact information. Furthermore, existing
research suggests diverse spatial layouts for presenting textual infor-
mation in VR, such as text panels in the environment and tooltips
attached to objects. However, there is a gap in linking artifact in-
formation to spatial arrangements. Existing guidelines on museum
artifact information only provide instructions for the construction of
content, but not the layout. In the meantime, duplicating the physical
layout of museum in VR does not take full advantage of its spatial
enclosure for object interactivity and user engagement. Nevertheless,
there is a lack of design guideline related to artifact display in virtual
museum settings. Therefore, we aim to investigate the relationship
between artifact information dimensions and spatial layout types in
virtual museums.

In this paper, we present a study conducted with 24 participants to
understand users’ expected information presentation in VMs. Specif-
ically, a VR system comprising six scenes was developed, each of
which consists of a 3D museum artifact and multiple information
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panels with sentences of text descriptions of the artifact. We col-
lected participants’ importance ratings for each information panel,
invited them to freely design the spatial layout of the information
panels, and recorded their design results in the VR system. Consid-
ering the form of textual information matters in virtual museums [4],
we also collected user’s preferences for showing or hiding the presen-
tation of information panels. Our study showed three main findings.
(1) Name of artifact was rated the greatest importance, followed
by non-observable information, name of museum, interpretation
information, and observable information. The results also indicated
that participants made a greater use of information panels that were
perceived important. (2) Environment-based layout is applicable to
almost all information dimensions. This layout type contributes to
replicating the physical museum settings that users are familiar with;
object-based layout was the most favored approach among users, for
it facilitates the connection between text descriptions and artifacts
and contributes to artifact interactivity. It was found particularly
suitable for observable information; user-based layout demonstrated
advantage in mitigating information overload and the ease of reading
at a close proximity. It was found suitable for interpretation infor-
mation. (3) Users preferred displaying artifact information at all
times. However, information presented using tooltips (object-based)
and handheld panel (user-based) approaches were often hidden by
default and accessed as needed.

Our work makes the following contributions. First, we provide in-
sights into the perceived importance of user’s perceptions of different
dimensions of artifacts information in virtual museums, highlighting
the need to prioritize non-observable information (e.g., era, original
function, archaeological excavation, restoration) when presenting
artifact textual information. Second, our study elucidated the rela-
tionship between artifact information dimensions and spatial layout
types in virtual museums. A design space is summarized for arti-
fact information presentation in virtual museums, suggesting layout
types (environment-, object-, and user-based) that can accommo-
date diverse information dimensions. The findings in our work will
inspire future design of virtual museums and provide insights for
optimizing textual information presentation in virtual environments.

2 RELATED WORK
2.1

Textual descriptions in museums provide detailed and rich informa-
tion about the artifacts, serving as the fundamental avenues through
which visitors access information on diverse artifacts [11]. While
VR demonstrates great advantage in its immersion through multi-
modal presentation, reading remains a key activity for consuming
information in both the real and digital worlds. Text remains an
important way of conveying information as it is one of the most com-
mon and prominent ways of acquiring knowledge [16]. The textual
descriptions of museum artifact are often rich in content. One of the
greatest challenges in curation is determining the text descriptions
of artifact to present to visitors [6]. These descriptions are often
written by museum professionals, following institutional or organi-
zational guidelines. For instance, the International Committee for
Documentation of the International Council of Museums has issued
the CIDOC Information Categories [9], which include 22 groups of
information, each containing one or more sub-dimensions. Similarly,
museums in China would follow the Standards for the Registration
of Cultural Relics in Cultural Institutions, issued by the State Ad-
ministration of Cultural Heritage in China [30]. This guideline
encompasses 27 categories of artifact information. These guideline
documents demonstrated that the information about a single artifact
in museums spans multiple categories in their documentation. How-
ever, these classifications are more geared towards the storage and
management of artifacts. Many information dimensions are used for
preservation purposes, such as the registry number and warehouse
location, which are not presented to visitors.

Artifact Descriptions in Virtual Museums
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The text descriptions of museum artifact shown to users often
start with some information that is observable or can be perceived by
looking at the artifact, including the size and weight (measurement
information), texture, material and technique. Observable informa-
tion also include basic situation and descriptions, subject depicted
information about the appearance, such as marks and inscriptions,
as well as parts and components. In addition, some other factual
descriptions that are not observable from the artifact itself are also
included. These descriptions pertains to aspects that cannot be phys-
ically observed, but are known through research, historical records,
or scientific analysis. To name a few, the era, artifact circulation ex-
perience, authoring information, archaeological excavation, original
function, restoration records, and information related to the object
production, collection, and association. While most text descrip-
tions of museum artifacts are objective, some artifact information
also includes descriptions that are not yet confirmed or provide a
subjective lens, such as unverified legend, the appraisal informa-
tion showing curatorial interpretation, as well as user-generated
content [15]. On top of the three dimensions, the name of artifact
and the name of museum are often treated separately — these are
included in the simplistic labels even when other textual descriptions
are not available.

Reitstitter et al. [22] studied the reading patterns in museums.
Their study results showed that museums should take a consideration
of visitor’s interest and their need for artifacts information. Previous
research has shown that visitors do not read all of the information
on display, nor do they read them in a prescribed order [25]. Instead,
their reading process tends to prioritize the information they consider
important and combine key pieces to interpret the theme. In the study
on the use of interactive displays in museums, Roberts et al. [23]
suggested that using less text-heavy displays could entice visitors to
interact, and layers of content are needed to sustain user engagement.
The authors also highlighted that information-on-demand approach
works well when visitors are curious about the objects. However,
to the best of our knowledge, there is no existing study that took a
user-centered perspective to understand the information dimensions
that were found important by museum visitors. In particular, virtual
museums are more than digital duplicates of physical ones, but af-
fords significant opportunities in technology-enhanced interactions
and gamified learning. It is thus important to understand user prefer-
ences so that designers can explore new ways to present these text
descriptions and effectively communicate the historical and cultural
significance. Thus, we propose RQ1: How do users perceive the
importance of various dimensions of artifact information?

2.2 Textual Information Presentation in VR

The design space of textual information presentation in VR encom-
passes numerous factors. Notably, information density and length
are critical factors, as there is a negative correlation between length
and readers’ attention span [31]. To convey as much knowledge as
possible in a short time, museums often risk including too much
text. Bitgood [2] suggests that a safe word count for each exhibit
description should be between 30 and 75 words, though shorter texts
can also be effective. Partitioning long texts into multiple small
segments can enhance reading efficiency and interest [1,32]. Pre-
vious research suggested that reading shorter texts repeatedly can
lead to improved reading rates and accuracy compared to reading
longer texts [20]. These findings suggested that compared to long
paragraphs, using short texts such as sentences and words in VMs is
likely to be more effective.

Previous research also examined a range of visual elements re-
lated to text display in virtual environments. Grout et al. [8] studied
the presentation of desktop interfaces within immersive virtual envi-
ronments. They found that users could do standard reading activities
in an immersive virtual environment with performance that was
almost identical to that of the real world. Jankowski et al. [10] com-



pared different text drawing styles, image polarity, and background
style on readability. Their study results showed that the text dis-
played on a semi-transparent panel leads to the fastest and highest
performance. Moreover, negative presentation (i.e., white text on a
black semi-transparent panel or white text with black outlining or
a black shadow) outperforms positive presentation (i.e., black text
on a white semi-transparent panel or black text with white outlining
or a white shadow). Kobayashi et al. [13] conducted a study on text
settings for reading lengthy texts in Japanese, providing guidelines
on font type, size, and the optimal distance for reading. Additionally,
they found that participants favored stationary text panels in VR
over panels that moved with the user’s position and gaze. Biittner
et al. [3] found that the rotation of the board surface (at 0-60°) has
little impact on text reading. Dingler et al. [5] asked participants to
position and adjust the text panels to suit their comfort regarding
the size, distance, and content. Although the findings offer valu-
able guidelines for determining comfortable reading positions, there
was considerable variability in the results. These studies examined
various visual elements for reading in VR. Existing knowledge on
the panel settings, including text font, size, color, and panel color,
rotation, and distance helps inform the design of text panels in VR.

Chernbumroong et al. [4] compared existing virtual museums
and highlighted the need to consider the form in which the textual
information appears. Most of the existing virtual museums adopts
two approaches: either displaying them all the time or popping
up when they are approached. The authors argued that pop-up de-
scriptions that provide detailed information about each artifact can
significantly enhance the learning experience. Moreover, McNamara
et al. [19] proposed a method for strategically placing information
labels in complex virtual environments, driven by the goal of enhanc-
ing information delivery in VR without overwhelming the user. This
technique utilizes eye-tracking technology to show labels related to
objects of interest only when the user focuses on them, thus keeping
other information hidden. Previous works also examined the spatial
layout of text annotations and addressed the issue of occlusions [7].
Considering the potential impact of textual information visibility on
user experience, we proposed RQ2: What are the expected displays
of information panels in virtual museums (shown or hidden)?

The review of related work indicated that virtual museums could
benefit from short texts presented on multiple panels. Satriadi et
al. [26] explored hierarchical multi-view layouts and their impact
on user arrangement preferences. Their investigation revealed that
participants tended to favor a spherical cap layout when arranging
views around themselves. On the other hand, Liu et al. [17] explored
the integration of small multiplexed displays in 3D immersive en-
vironments. Specifically, they investigated the effect of curvature
size on the user’s ability to perform comparison and trend analysis
tasks related to specific structures. They proposed that flat layouts
are more efficient when dealing with multiples of small quantities.
Kim et al. [12] proposed a strategy for efficient VR multi-view
navigation wherein the main view and sub-views are strategically
positioned within the human field of view, spanning 60° to 110°,
as opposed to occupying the entire VR space. Comparing these
varying approaches, Liu et al. [18] assessed the impact of three
different layout curvatures (flat-wall, semicircular-wraparound, and
circular-wraparound) on visuo-spatial memory tasks within a virtual
environment. Their findings indicate that participants were able
to remember spatial patterns more accurately and provided higher
subjective ratings for the flat-wall layout compared to the circular-
wraparound layout. While these studies provided valuable insights
into how the layout of multiple views in a VR environment, these
information panels were primarily based on the surrounding envi-
ronment of the user. They were not linked to any specific objects or
the user themselves.
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2.3 Layout Types of Text Panels in VMs

Previous works adopted some typical approaches to presenting text
panels in VMs. Some examples are shown in Table 1. Rzayev et
al. [24] conducted a study to compare three different methods of
text presentation and location in VMs: world-fixed, edge-fixed, and
head-fixed. Their results showed that world-fixed text, common in
both physical and virtual museums, is user-friendly as it mimics
real-world scenes. The edge-fixed text allows users’ freedom of
movement but limits adjustments to only the text angle. Lastly,
the head-fixed text, although immersive, partially blocks the user’s
view and complicates interaction within the virtual environment.
Their study did not take into account the importance of text and
how different layout types affect the VR reading experience. For
the edge-fixed location, they solely focused on the vertical direction.
However, horizontal tilting could also be beneficial, particularly
when text in the virtual environment is displayed above or below
an artifact. In some commercial VR applications, handheld text
panels serve as a convenient medium for presenting text information.
For instance, Smithsonian American Art Museum’s ‘Beyond Walls’®
exhibition employs handheld guide, along with text panels placed
by the side of exhibits [29]. The CubeMuseum [35] demonstrated
an object-centered approach, where text descriptions of museum
artifacts was linked to hotkeys placed around an artifact. In the
VR museum designed by Wang et al. [33], both static labels on the
back of the artifact and floating tags were used. Lappayanant and
Shigemasu’s [14] work presented an information panel on top of the
artifact once the user activates it.

Table 1: Some typical layout types of text panels in virtual museums.

Layout type Text presentation  Text length  Reference
Environment-based ~ World-fixed Paragraphs [24]
World-fixed ‘Words [24]
‘Wall panel Paragraphs [33]
Object-based Edge-fixed Paragraphs [24]
Edge-fixed ‘Words [24]
Side of the artifact ~ Paragraphs [29]
Above the artifact Paragraphs [14]
Floating tags Sentences [33]
Hotkeys Words [35]
Text annotations ‘Words [7]
User-based Head-fixed Paragraphs [24]
Head-fixed Words [24]
Hand-held Paragraphs [29]

Previous research has proposed various text presentations in VMs.
To better facilitate the design, we synthesized them into three broad
layout types: environment-based, object-based, and user-based lay-
outs (see Figure 1). More specifically, environment-based spatial
layouts are fixed within the virtual environment, remaining static
relative to the surroundings and objects. Within a VM, panels are
often attached to the museum environment, such as the wall and the
pedestal used to place the artifact. Object-based layouts are directly
linked to the artifacts and move along with them. This category
encompasses placements in various locations, such as alongside an
artifact, on top of it, and tooltips that indicate specific parts of the
artifact. User-based layouts are designed to be highly accessible,
moving with the user. They can be easily activated or dismissed as
needed, offering features such as handheld guides. Informed by the
previous works, this study aims to investigate appropriate design of
information panels in VMs, aiming to answer RQ3: What are the
relationships between artifact information dimensions and spatial
layout types in virtual museums?



3 SYSTEM DESIGN AND IMPLEMENTATION

The VR system used in our study was developed in Unity (version
2021.3.26f1c1) and deployed on a computer equipped with AMD
Ryzen 7 4800H CPU, 16GB RAM, and NVIDIA GeForce RTX 2060
GPU. A Meta Quest 2 VR HMD with two handheld controllers was
used as the VR display and input device, with a resolution of 1832
x 1920 pixels per eye and a refresh rate of 72 Hz. We used the XR
Interaction Toolkit (version 2.3.2) for the system implementation.
The Universal Render Pipeline (URP) was employed to achieve
realistic graphics rendering.

3.1

The VR system comprised six scenes (see Figure 2, al-6). Each
scene consisted of an artifact and multiple artifact information panels.
The six artifact scenes featured photogrammetric 3D models created
using RealityCapture [21]. These models were retopologized and
textured using Blender before being imported into Unity for lighting
and rendering adjustments. Each model has a rigidbody and mesh
colliders that closely match the geometry of the artifact.

Virtual Museum Environment

3.2 Panel Setup

In total, there were 59 information panels in the six test scenes,
including 6 name of artifact, 6 name of museum, 22 observable
information, 17 non-observable information, and 8 interpretation
information. The text descriptions were captured from the official
websites of the museum artifacts and categorized based on into
the three categories of observable (O), non-observable (NO), and
interpretation (I) information [9, 30]. Some example panels are
given below. The panels included simplified Chinese characters,
with an average number of 22.17 (SD = 18.43,Min = 2,Max =
65,Median = 17). Informed by the guidelines for using text in

VR [5,10], we used white Kaiti font, size 22, on a dark background

for the texts.

O The instrument is inscribed with 79 characters.

O The young woman has a plump figure; long, attenuated brows
and lashes; a small peach-shaped mouth; round face; and a
composed expression.

The unicorn is also called Xie Zhi, a beast that symbolizes

Jjustice. It is said that its horn is dedicated to those who are

unjust in law enforcement.

Hell in Chinese popular belief is modelled on a bureaucracy

where souls plead before ten courts.

I These bronze wares of the Ke clan provide important evidence
for research into the political systems and military activities of
the late Western Zhou period.

I The figure displays the realistic style of Tang art, embodying
for us the natural appearance of Tang noblewomen.

NO

NO

3.3 User Interactions
3.3.1

Users used two handheld controllers to move freely in VR using the
steering-based locomotion technique. Specifically, users can move
along the direction of the right-hand joystick push, and rotate their
views using the left-hand joystick.

Locomotion

3.3.2 Panel Interactions

Users were allowed to select, move, and rotate panels using the
raycasting technique. Each panel had a slider underneath to allow
users to resize the panel. We configured magnetic placeholders to
avoid the need for precise manipulation (see Figure 2b-d). When a
panel approached a preset placeholder, it displayed a blue preview
block indicating where the panel will be positioned upon release.
Once the user released the panel, it was snapped into place on the
placeholder with proper alignments, facing forward.
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3.3.3 Spatial Layouts

We introduce six spatial layouts that fall into the environment-,
object-, and user-based approaches. Figure 2 illustrates the supported
functions and example scenarios.

(1) Environment-based: wall and pedestal. By default, the
environment showed a large wall panel with 12 preset magnetic
placeholders on the back of each artifact (see Figure 2, b1-2). When
an information panel was close to the wall panel, the nearest mag-
netic placeholder was highlighted. In addition, pedestals were set
up for reasonably sized artifacts. Users could place the information
panels around the pedestal (see Figure 2, b3). These two environ-
ment components consist of environment-based layouts, displaying
panels that are fixed in the environment.

(2) Object-based: top, side, and tooltips. Placing panels around
the artifact, such as fixed aside and on top, is a typical way to present
artifact information (see Figure 2, c1). In addition, we configured
triggers around the features of artifacts that were mentioned in the
textual descriptions (see Figure 2, c2). A trigger appeared and a
haptic feedback was given when the controller ray collided with a
feature (e.g., the ear of the bronze mask in Figure 2, c¢3). By pressing
the grip button on the controller, users could activate a tooltip. The
end point of a tooltip can be adjusted by grabbing the cube indicator
or the magnetic placeholder (see Figure 2, c4-5). When the user
interacted with the artifact (e.g., by picking it up), these object-based
panels (e.g., positioned on the top, by the side, using tooltips) moved
along with it, maintaining a relative position and rotation.

(3) User-based: handheld. User-based panels are triggered
around the user’s body (e.g., hand, wrist, arm) and move with the
user. We implemented a handheld panel that can be shown or dis-
missed by pressing the B button on the controller. Similar to the wall
panel, users could attach information panels to the handheld panel
(see Figure 2, d1-2). It also contained checkboxes to control the
visibility of the wall panel, tooltips, and all information panels.

4 STUDY DESIGN
4.1 Research Question

The study aims to answer the research question: How should the text
descriptions of artifacts be presented in virtual museums? Specif-
ically, we aim to investigate (1) users’ perceived importance of
artifact information dimensions; (2) the expected display of infor-
mation panels (shown or hidden); and (3) the appropriate layout
type for each information dimension. This breaks down our research
question into three sub-questions.
RQ1 How do users perceive the importance of various dimensions
of artifact information?
RQ2 What are the expected displays of information panels in virtual
museums (shown or hidden)?
RQ3 What are the relationships between artifact information dimen-
sions and spatial layout types in virtual museums?

4.2 Experimental Procedure

The general procedure of the experiment is illustrated in Figure 3. At
the beginning of the experiment, we briefly introduced the study pur-
pose and collected informed consent and demographic information
from participants. The experiment included six sessions. Partici-
pants at the start of each session were asked to read the paper-printed
information panels and assign a score to each panel, reflecting their
subjective assessment of the importance of the panel. Importance
was rated on a 5-point Likert scale (5 = extremely important) out-
side the VR environment. After completing the importance ratings,
they entered the VR scene, reviewed text information panels, chose
the ones they wanted to display, and arranged the spatial layouts.
Participants were specifically told to disregard the visual design of
information panels (e.g., text font, size, margin, color, alignment,
etc.), but to focus only on the content and the layout type to use for
the panels. Once they completed the panel set up, participants were
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Figure 2: VR environment and spatial layout types: (a1-a6) Six artifact scenes, each with a 3D model of a museum artifact on a 1:1 scale and
multiple information panels; (b1-b2) Wall panel on the back of an artifact with magnetic placeholders; (b3) Panels around the pedestal; (c1) Panels
on top of and by the side of an artifact; (c2) Tooltips trigger around artifact features, highlighted in blue circles; (c3-5) Activate a trigger using ray
selection, adjust end point distance, and snap a panel to the magnetic placeholder of tooltips; (d1-d2) Handheld panel with magnetic placeholders.

asked to select and discuss which panels they would like to hide.
We repeated the above process for all six scenes. A Latin square
design was used to counterbalance the sequential effects. After com-
pleting six sessions, participants were asked to conduct a structured
interview with three questions: 1) What considerations and specific
factors influence your decision when determining the layout of arti-
fact information panels? 2) How did you decide whether to show or
hide the information panels? 3) Overall, which artifact information
layout(s) do you prefer? Why? The entire experiment took about 70
minutes for each participant. The study was approved by the ethics
committee of our university.
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Figure 3: The experimental procedure.

4.3 Participants

Twenty-four participants (14 females and 10 males) aged between 18
and 27 (M = 21.58,S8D = 2.08) voluntarily signed up for the study.
Participants were academics and students from multiple disciplines
(10x Sciences, 4x Engineering, 3 x Business, 6x Design, and 1 x
Humanities) in a local university. In terms of VR technology use,
participants’ self-evaluation showed that many (37.5%) reported be-
ing somewhat familiar with VR, followed by a tie between those who
are slightly and moderately familiar (20.83% each), while a smaller
proportion of participants expressed being not at all familiar (12.5%)
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and a few (8.33%) indicated that they are extremely familiar with
VR. On a 5-point Likert scale (5 = extremely familiar), participants
were somewhat familiar with VR (M = 2.92,SD = 1.14). Among
the participants, more than half (58.33%) used VR devices sparingly,
engaging with the technology less than once a month. Over half of
the participants (58.33%) have experience with virtual museums or
exhibitions. Overall, participants indicated that they are somewhat
familiar with virtual museums or exhibitions (M =2.71,SD = 1.12).

5 RESULTS

We examined the 1416 (59 panels x 24 participants) pieces of panel
data in the six test scenes, out of which 1239 panels were used
in participants spatial layout design. Each piece of data included
whether the panel was used by the participant, its information di-
mension, layout type, display status, importance score, coordinates,
rotation angle, and size. Data analysis was performed using IBM
SPSS Statistics and Python. Shapiro-Wilk tests showed that the
importance ratings were not normally distributed (p < .001). Thus,
we conducted non-parametric tests for the comparisons.

5.1
5.1.1

We first examined users’ ratings for the three information dimensions.
The comparison results are shown in Figure 4. The Kruskal-Wallis
H test revealed a significant difference in importance ratings across
the three information dimensions, H(2) = 33.939, p < .001. Post-
hoc comparisons with a Bonferroni correction showed that users
perceived significantly greater importance for non-observable infor-
mation than observable and interpretation information (p < 0.001).
In responses to RQ1, results highlight the importance of non-
observable information.

Importance Ratings and Panel Use (RQ1)
Information Dimension
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Figure 4: Box plots displaying the distribution of perceived importance
ratings for artifact information.

5.1.2 Use of Panel

All panels showing the name of artifacts were used (100%, 144
out of 144), followed by the non-observable information (92%, 374
out of 408), observable information (84%, 444 out of 528), the in-
terpretation information (83%, 159 out of 192), and the name of
museum (82%, 118 out of 144)). In summary, the data elucidates
a high frequency of information panel utilization (88%). Figure 5
shows the results of important ratings for the panel used and not used.
The Mann-Whitney U test showed a statistically significant differ-
ence: the used panels (mean rank = 860.47) was found significantly
more important than the panels not used (mean rank = 371.25),
z=—16.595,p < .001.
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Figure 5: Boxplots showing the distribution of importance ratings for
panels used and not used.

5.2 Information Dimension and Panel Layout (RQ3)

Figure 6 shows the frequency of using the six layout types for each
information dimension. Notably, observable information panels
have the highest frequency of use of the tooltip layout, followed by
the wall panel and side panels. For the non-observable information
panels, the wall panel garnered the highest frequency of use at 0.29.
It is closely followed by the side layout, with a frequency of use at
0.26. Similarly, the wall panel layout exhibited the highest frequency
for the interpretation panels, with a value of 0.49, signifying a
strong preference for this layout. This is contrasted by a complete
absence of the pedestal layout within the same category.

The wall panel again showed the greatest frequency (0.34) for the
name of museum. Meanwhile, the pedestal (0.24) and rop (0.25)
layouts shared similar frequencies. For the name of artifact, there
was a notably high frequency (0.43) of using the pedestal layout. In
contrast, the wall panel had the lowest frequency at 0.05.

In responses to RQ3, the data revealed distinct preferences
in panel layout for different information dimensions. Overall,
environment-based and object-based layouts were preferred over the
handheld layout. Specifically, tooltips were preferred for observ-
able information; the wall panel and the side panels were found
appropriate to present non-observable information. Interpretation
information favored the wall panel, but not the pedestal; however,
these two layouts were found appropriate to display the name of
museum. The name of artifact was often placed on the pedestal.

5.3

Figure 7 shows the results of the panel visibility being mapped with
the information dimensions and layout types. Each layout type

Information Dimension and Panel Visibility (RQ2)

530

Observable | 0.28 0.04 0.2 0.05 0.05
Non-observable 016 | 026 007 0.1 0.11
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Environment-based Object-based User-based
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Interpretation 0.49 0.21
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Name of museum 0.14 0.03 0
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Figure 6: Heatmaps showing the use of different layout types for (a)
observable, non-observable, and interpretation information, and (b)
name of museum and name of artifact.

presents distinct patterns in terms of the panel visibility (shown or
hidden). For the environment-based layout, the information panels
showed a high tendency to remain visible. Wall panels and pedestals
had a visibility rate of 0.86 and 1, respectively, indicating that most
of the information categories tend to be displayed rather than hidden.
In particular, panels on the pedestals were shown at all times and the
name of the artifact and name of museum were made visible by all
means. For the object-based layout, the side and top panels showed
a high tendency to remain visible, with a display rates of 0.89 and
0.94, respectively. However, less than half of the tooltips were shown
(0.42). A great portion of hidden tooltips (0.45/0.58) was used for
presenting details about observable information. Conversely, the
user-based layout presented a stark contrast: all categories were pre-
dominantly chosen to be hidden by default. These results contribute
to the understanding of RQ2.

W Observable [ Non-observable Interpretation [l Name of museum [l Name of artifact

; ; y[Shown ] Hidden]
Wall panel _ -j | ose o014
Pedestal- _ i 1 0
Side l_ -j ; 089 0.1
Top [ T 0 006
Tooltip _ ] | 042 058
Handheldi i 0 1

Figure 7: Mapping the spatial layouts with the information dimensions
and panel visibility (shown or hidden).

5.4 Interview Findings

We used NVivo (version 1.7.1) to analyze the transcribed audio
recordings of the interviews. For Q1: What considerations and
specific factors influence your decision when determining the layout
of artifact information panels? Seventeen participants mentioned
they considered the dimensions of panels information. For example,
P5 (female, 21) stated that

“First of all, the basic information of the artifact, I think
it should be put at the top of that artifact, like the name
of artifact, the era, and the museum; for the introduction
of the artifact itself, like the material, the description, 1
think it should be on the tooltips, and then its background
description, or the mythological origin, I put them on the
wall panel.”



Eight participants mentioned they would consider the importance
of artifact information. For instance, P19 (female, 20) stated that

“For me, the higher I scored the information, the greater
prioritize I gave to its display and visibility.”

Four participants considered the symmetry of the layout. For
example, P12 (male, 22) stated that

“I’m mainly thinking about symmetry. I want it to be tidy
and neat. It doesn’t matter what the message is.”

Four participants considered their interest in the information, and
two participants mentioned they would consider the length of the
information in panels. For example, P8 (male, 22) stated that

“I’m more inclined to have long segments of text on the
handheld panel.”

For Q2: How did you decide whether to show or hide the infor-
mation panels? Four participants mentioned they considered the
importance of artifact information in deciding whether to hide the
panel or not. For example, P15 (male, 22) stated that

“For me, the name of artifact and its source (name of
museum) are the most important. The description details
and such are less important, so these can be hidden first
so that at a glance it looks clean and tidy.”

Four participants mentioned they considered the interaction of
artifact information. For instance, P15 (male, 22) stated that

“I hide the tooltips because I wanted to make the virtual
museum a little more interactive. Then, when visitors
want to learn more about it, they can click on it to show
the panel.”

Three participants mentioned they considered the length of the
information in panels, and they prefer to hide long texts by default.
Two participants mentioned that they considered the dimension of
the information, and chose to hide the detailed descriptive informa-
tion that is observable.

For Q3: Overall, which artifact information layouts do you pre-
fer? Why? Interview findings from this question showed consistent
results with the frequency of panel use: most participants preferred
the object-based approach. Fourteen participants voted for tooltips
and thirteen of them preferred side and top panels. Compared to
quantitative data analysis, where environment-based and object-
based were both frequently used, users’ preference for object-based
layout was found more prominent: only four participants selected
the wall panel (environment-based) and three participants selected
handheld panel (user-based) as their most preferred layout.

For tooltips, 10 out of 14 participants mentioned that this ap-
proach was able to create a strong link between the information and
the artifact. For example, P5 (female, 21) stated that

“Because it (tooltip) can be specific to a certain point to
describe the artifacts. I can see more accurately about
the information displayed on this panel and its corre-
sponding part of the artifact. The guidance shows a very
strong link.”

Three out of 14 participants mentioned that tooltips provided a sense
of interaction and engagement. However, two participants (P10 and
P19) disliked tooltips because they felt the connecting lines looked
cluttered and blocked the view of other information.

For side and top layouts, 10 out of 13 participants mentioned that
these layout types made them more immersed in the environment.
P19 (female 20) stated that
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“Side and top panels gave me a strong three-dimensional
feeling of being surrounded and immersed inside the
panels with the artifact.”

Three out of 13 participants mentioned that side and top layouts
are simple, intuitive, and visually appealing. For the wall panel
(environment-based), 2 out of 4 participants mentioned that it does
not interfere with the artifact surroundings, thus made the scene neat
and tidy. Participants who favored the handheld panel endorsed its
effectiveness and convenience in text reading, as they could bring
the panel close to their views.

6 DiscussION

Our study investigated user’s perceived importance of various infor-
mation dimensions, expected display of information panels (shown
or hidden), and the relationship between the artifact information di-
mension and spatial layout in VMs. Based on the results, we discuss
our findings and provide design recommendations. A design space
is presented in Figure 8, summarizing the insights from participants’
spatial design results and interview comments.

#1

Observable 1 /ol I:l Ob] Side
e o e
interpretation  [IENENVEEACIN INCETRER (T

— e
Name of artifact I:l Obj-Top  [HUSCREHEREREIENN

Figure 8: A design space for artifact information presentation using
environment-, object-, user-based layout types in VMs with prioritized
options. *Hidden by default.

6.1 Replicate physical museum settings

environment-based layout in VR

using

In the environment-based layout, high utilization rates are observed
across all information categories, with notably high rates for name
of museum (0.58) and name of artifact (0.48). Nearly half of the
interpretation (0.49) and non-observable information (0.45) were
also displayed using this layout. According to insights gathered
from interviews, the environment-based layout effectively replicates
the manner in which artifacts are viewed in real-world settings.
Specifically, participants showed a strong tendency to display name
of artifact on the pedestal (0.43) and interpretation information on
the wall panel (0.49). In addition, the name of museum (0.34) and
non-observable information (0.29) were also frequently placed on
the wall panel.

Participants demonstrated a preference of not hiding the
environment-based panels. As P10 (female, 23) mentioned in the
interview, it is necessary to show all the information to know what
the artifact is, whereas the wall panel effectively presents this in-
formation in an intuitive and organized manner, ensuring it is not
overlooked if otherwise hidden. The hidden information would in-
deed require extra efforts to explore. In addition, the user may not
be aware of how to trigger the information once it is hidden in the
environment. Moreover, names were mainly displayed using this
layout type and that users tended to show the information they found
important. This also accounts for the tendency to show the panels.

6.2 Build connections and facilitate immersive reading
experience using object-based layout

The object-based layout demonstrates a predominant use for ob-
servable information (0.66), largely facilitated by the utilization of
tooltips. This preference was supplemented by the strategic place-
ment of name of artifact information at the top and non-observable



information by the side, as indicated by participants (P4, P5, P19)
during interviews. They emphasized the importance of positioning
essential basic information such as name of artifact in highly visible
locations. Additionally, participants (P5, P14) reported that tooltips
effectively aided in visually identifying specific parts of artifacts,
enhancing the readability and interaction with the displayed content.
Participants (P1, P6, P7) also highlighted that tooltips contributed to
a dynamic and engaging user experience, creating an interactive and
lively presentation of information. Many participants (n = 10) men-
tioned in the interview that the object-based layout types provided
an immersive experience, evoking a sense of being surrounded by
information. This sentiment corroborates previous findings [26].

More than half of the participants (14 out of 24) identified tooltips,
an object-based layout, as their favorite layout type. The total
amount of panels placed around objects (n = 507) were also greater
than that in the environment (n = 371). Nevertheless, the actual
usage of tooltips (n = 231) was lower than that of the wall panel
(n =292). We speculate two reasons for the difference. First, the
space surrounding an artifact was limited, compared to the greater
area on the wall panel. In addition, the operations of placing tooltips
(identifying a trigger, adjusting the location, and positioning the
label) were more complex than that of the wall panel.

While most panels of object-based layout were chosen to be
shown, participants expressed the preference to hide tooltips. Some
participants found that tooltip lines can clutter the screen, making it
difficult to read additional information. Other participants found the
triggering the tooltips added interactivity to the artifacts.

In summary, we recommend the use of object-based layout for
observable information, particularly through tooltips (hidden by
default). This helps strengthen the link between text descriptions
and specific parts of an artifact. Furthermore, this could be used
together with the name of artifact at the top and non-observable
information by the side to form an immersive surroundings for text
reading, as suggested by participants in the interview.

6.3 Reduce information overload and facilitate reading
at a close proximity using user-based layout

Compared to environment- and object-based layouts, the user-based
layout demonstrated a notably lower frequency of use. Similar to the
set up of tooltips, there were two challenges in the use of handheld
panels: the limited space on the handheld panel restricted the amount
of information that can be displayed on the same page; users needed
to adjust the size of the text information panel to fit it into the
handheld device, which adds complexity to the operation. Despite
these challenges, the user-based layout maintained a usage rate of
0.21 for interpretation information, close to that of the object-based
layout. P23 commented that the handheld panel was similar to a
mobile device, where they expect to see subjective interpretations.
In contrast, they expected panels displayed in the environment and
around the objects to be more objective. Participants (P11 and P18)
also mentioned the ease of reading at a close proximity using the
handheld panel. The handheld panel should remain hidden by default
and only become visible when users intentionally retrieve it.

6.4 Limitations and future work

The current work has some limitations. First, the information panels
in our study were exclusively in simplified Chinese. Given the struc-
tural differences between Chinese and English texts [34], this may
limit the applicability of our results to settings where information
panels are presented in languages based on Latin alphabets. Existing
works have explored some ways to present English paragraphs in
a short and concise manner, such as the rapid serial visual presen-
tation approached used in [24]. Further examinations are needed
to allow for a comparison of user engagement and comprehension
across languages and enhance the generalized of the findings to a
broader range of cultural and linguistic contexts. Second, our sys-
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tem design allow each information panel to be used once within a
scene. This restricts users from duplicating and placing the same
panel using multiple layout types. Nevertheless, this limitation was
not highlighted by any users during the experiment, suggesting that
it may not have been a critical factor in their experience. How-
ever, to enhance system flexibility and user satisfaction in future
design, research could explore the possibility of allowing multiple
instances of the same panel to be active in different positions within
a scene. For example, information presented on wall panels can
perhaps be duplicated in the handheld guide. Such an enhancement
could potentially uncover new ways users interact with and value the
information presented, leading to more dynamic and user-friendly
exhibition designs. Third, our study examined a single artifact at a
time. The setup does not replicate real-world museum environments
and the controlled setting could impact the applicability of our find-
ings to multi-object environments. Given that our study focused on
the relationship between artifact information dimensions and layout
types in a virtual museum, the separation allows for a clear analysis
of individual artifact placement without the confounding variables
that might arise in a more integrated setting. However, to further
enhance our understanding of spatial dynamics in virtual museum
settings, future research could explore the effects of displaying mul-
tiple artifacts together. Investigating how these artifacts interact and
influence visitor expectations of their information dimensions and
information layout types when presented in a shared space, which
could provide valuable insights into more complex, real-world exhi-
bition environments. Fourth, our study focused on general layouts
and user perceptions, without exploring specific interaction tech-
niques or strategies to mitigate occlusion. Future research could
investigate these aspects to enhance user experience and information
comprehension in VR. Finally, our participants were mainly young
adults which may not fully represent diverse visitor groups. Future
studies could include a larger and more diverse participant pool to
obtain more generalizable results.

7 CONCLUSION

In this paper, we presented a study investigating the textual infor-
mation presentation of artifacts in virtual museums and provided
design recommendations. We gather insights into users’ perceived
importance of artifact information dimensions, their expectations
regarding the visibility of artifact text information, and the appro-
priate layout type for each information dimension. Our findings
suggest that users found non-observable information more important
than observable and interpretation information. It is thus suggested
to prioritizing the presentation of panels showing non-observable
information, such as the era, original function, archaeological ex-
cavation, restoration, etc. Aside from tooltips around artifacts and
handheld panels, most participants preferred the information panels
to be shown at all times. Our result shows that environment-based
layouts are appropriate for all information dimensions, as they mimic
the physical museum settings and align with users’ mental models
of museum visiting. On the other hand, object-based layouts are
suitable for displaying observable information. Users appreciated
the meaningful link between tooltips associated with artifacts and
the immersive reading experience facilitated by the surrounding pan-
els. Finally, using user-based layouts to present lengthy texts could
reduce the information overload in the environment and facilitate the
ease of reading at a close proximity. Our work provides a valuable
reference for designers and developers of virtual museums. The
findings also bring insights into the design of interactive systems
that require presentations of textual information.
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