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This paper reviews the use of holographic displays in museums, highlighting their role in enhancing
visitor engagement, accessibility, and artefact preservation. Holography offers realistic 3D
representations without special equipment, supporting immersive yet passive experiences.
Compared to other digital technologies, it fosters natural viewing and emotional connection. The
paper identifies current applications, key challenges, and future research directions to advance the

integration of holography in museum contexts.

In recent years, using digital technologies in museums has become essential
to creating more immersive and interactive visitor experiences'. The theme
of International Museum Day 2025, The Future of Museums in Rapidly
Changing Communities, affirms the museum’s position as a site of inno-
vation and inclusivity in response to global challenges’. This thematic
development underscores the paradigm shift in museology—away from
static object presentation toward dynamic, participatory, and emotionally
resonant visitor experiences. This trend reflects broader societal shifts driven
by the advancement of information and digital technologies, which mark
the 21st century as a digital era. The integration of digital media technologies
into museum exhibition design has notably improved both the form and
function of museum spaces, particularly in art museums, where they have
fostered new spatial aesthetics and enriched audience experiences’. Among
these technologies, holographic displays have emerged as an innovative tool
for enhancing visitors’ engagement with exhibits’. Unlike traditional two-
dimensional displays or other interactive technologies, holography offers a
unique combination of realism, depth perception, and dynamic interaction,
allowing visitors to connect with exhibits more profoundly’.

Holographic displays offer museums the ability to present three-
dimensional representations of artefacts, often without the need for special
viewing equipment, which makes them more accessible to a wide audience’.
By providing a sense of depth and physical presence, holography allows
visitors to experience objects as if they are physically in front of them,
creating a powerful emotional connection and enhancing the overall visitor
experience™’.

One of the most promising applications of holography in museums is
its ability to display fragile or inaccessible objects. Due to their delicate
nature, many historical artefacts are often stored away for preservation,
limiting public access®. Holography enables museums to create highly
detailed, full-colour, three-dimensional holograms of these objects, allowing

visitors to examine them closely without the risk of physical damage'’.
Additionally, holography facilitates the digital reconstruction of lost or
damaged artefacts, offering representations that maintain historical accu-
racy and visual authenticity’.

Despite these advantages, the integration of holography in museum
exhibitions faces several challenges, such as high implementation costs,
technological limitations, and concerns regarding digital authenticity
remain key obstacles to widespread adoption*"'. Moreover, the evolving
nature of holographic display technologies requires further advancements
to enhance realism, improve usability, and optimise cost-efficiency for
broader museum implementation.

This review provides a comprehensive analysis of the role of holo-
graphic technology in enhancing visitor engagement, accessibility, and
artefact preservation in museum settings. By synthesising existing research,
case studies, and empirical findings, this paper examines the impact of
holography on visitor experiences, its comparative advantages over other
digital technologies, and the challenges that must be addressed for broader
adoption. Finally, the review outlines key research directions for advancing
holographic applications in museums, contributing to the ongoing dis-
course on digital innovation in cultural heritage.

Research objectives

Holography has emerged as a transformative technology in museum
exhibitions, offering new ways to enhance accessibility, visitor engagement,
and artefact preservation. By enabling three-dimensional visualisations of
historical objects, holography provides a more immersive and interactive
experience than traditional museum displays. However, implementing this
technology raises various challenges, including cost, technical limitations,
and questions of digital authenticity. The primary research objectives of this
paper are as under:
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* ROI: To examine the role of holography in enhancing visitor

engagement and emotional connection within museum exhibitions.
While visual immersion has been widely discussed, the specific
emotional affordances of holography remain under-theorised, par-
ticularly in comparison to other display technologies.

* RO2: To explore holography’s perceptual and psychological impact on
museum audiences, particularly in comparison to traditional and other
digital display methods.

Although many studies describe the visual appeal of 3D technologies,
few critically differentiate how holography uniquely influences per-
ception, memory formation, and affective response.

* RO3: To evaluate the challenges and limitations of implementing
holographic museum displays, including technical constraints, cost,
and authenticity concerns.

Existing literature tends to focus on the benefits of holography, with
less emphasis on its practical barriers or curatorial trade-offs in real-
world museum settings.

* RO4: To identify future research directions and technological advance-
ments to optimise holographic applications in cultural heritage settings.

Despite its growing application, there is a lack of consolidated vision
regarding how holography can evolve to meet the emerging needs of
inclusive, accessible, and emotionally engaging exhibition practices.

Holography and artistic integration

Holography was discovered in 1948 by Denis Gabor who proposed to use this
technique to improve the resolution in electron microscopy, for which was
awarded the Nobel Prize in 1971"”. Holograms were successfully created by
Emmett Leith and Juris Upatnieks in the USA and Yuri Denisyuk in the USSR
in 1962, building on the invention of the Denis Gabor holographic principle
as well as the Theodore Maiman laser. Further research by Stephen Benton
and others led to the widespread use of holograms, which gradually came into
view, enriching human perception and experience". Holograms record the
complex amplitude of light from an object, rather than the intensity dis-
tribution of light to an image as in photography, capturing much more data
than photographs. The ‘data’ in a hologram refers to the complex amplitude
information that is encoded in the interference pattern, capturing both the
intensity distribution (amplitude) and the spatial relationships (phase) of light
waves scattered from the object. This comprehensive data allows holograms
to provide a more accurate and realistic representation of objects compared to
traditional two-dimensional photographs. The recording of amplitudes is
done by generating an interference pattern, in which a reference beam is
superimposed on the object beam, thus recording an interference pattern,
which can be recorded on various physical mediums, such as chemical
emulsions and photopolymers which enables the recording of amplitudes

Fig. 1| Train and Bird, laser-viewable transmission hologram (1963) by Emmett N.
Leith and Juris Upatnieks. Courtesy of the Smithsonian National Museum of
American History (Public Domain, CC0)*.

and phases. This recording can reconstruct a true three-dimensional image of
the original object'’. Based on these technical features, holograms capture
‘true’ three-dimensional space and any objects which are placed within that
space in visual terms. It provides a unique approach to recording and
reproducing three-dimensional space on a flat surface, in a way that creates a
visual effect that mimics seeing a three-dimensional image. Viewers do not
need special glasses or headgear to experience holograms®. Moreover,
holograms can range from static to dynamic, with the viewer’s head moving
instantly and naturally’. Holography has attracted tremendous interest due to
its capability of storing both the amplitude and phase of the light field and
reproducing vivid three-dimensional scenes'®.

Digital holography is a technological update on traditional holography,
using digital imaging sensors and computer processing to capture, recon-
struct and display holographic images'’. This technique combines the
principles of holography with the advantages of digital imaging technology
to produce high-quality, versatile holograms. Digital holography has several
advantages over traditional holography, such as the ability to manipulate
and process holographic data digitally, reduced noise and artefacts, and the
possibility of real-time image reconstruction. Digital holography is used
today for various purposes, such as microscopy, interferometry, surface
measurements, storage and three-dimensional display systems'®. However,
the process of holographic development was initially published in specialist
scientific and optical journals, rarely accessed by the art and design com-
munity. As a result, the application of holographic technologies has
encountered resistance in the artistic field, giving the impression it is more of
a technical subject than an artistic one'.

Consequently, the transfer of practical information about holography
from optical scientists to artists is gradual. Nonetheless, as technical reports
on holography began to appear in publications, such as Scientific American
and Leonardo, more artists began to appreciate the creative possibilities
holography offered for art. The first hologram appeared in 1964 by
American scientist Emmett Leith, entitled “Train and Bird’, shown in Fig. 1.
From this moment onwards, the imaging possibilities of holography have
intrigued artists from various disciplines and practices.

As artistic awareness of holography grew, individual artists began to
explore its creative and perceptual possibilities. One such pioneer was
Margaret Benyon, who, in the late 1960s, transitioned from painting to
holography, recognising its potential as a medium of artistic expression. Her
early works demonstrated how holography could be used beyond scientific
applications, marking a shift towards its artistic integration.

Visual perception and emotional engagement in holo-
graphic displays

Visual stimuli play a pivotal role in eliciting emotional responses through
two primary mechanisms: psychological factors, such as perception and
attention, and artistic visual cues, including colour, symmetry, and
complexity'**’. Perception, as a cognitive process, encompasses the orga-
nisation of sensory information and its subjective interpretation, collectively
shaping emotional responses”’. These visual cues often operate sub-
consciously, triggering automatic emotional reactions without explicit
cognitive processing, highlighting their universality across diverse cultural
contexts™. The thoughtful application of visual design elements, such as
colour, symmetry, and complexity, influences emotions such as joy and
sadness and enhances emotional engagement by creating more immersive
and memorable experiences’"*. Sensory design becomes significantly more
effective when combined sensory inputs enhance emotional arousal and
memory retention”. This principle is particularly relevant in the context of
holographic displays in museum settings, where three-dimensional visual
effects can immerse visitors and evoke nuanced emotional experiences,
fostering deeper connections with cultural artefacts and narratives.

As we grow accustomed and desensitised to traditional forms of pre-
sentation, so too does their effectiveness in conveying information diminish.
Designers and artists need to provide novel approaches, dimensions and
explorations for more ‘stimulated’ perceptions of human beings™. Building
on her early experiments, Benyon, in collaboration with D. Canter,
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Fig. 2 | Paula Dawson, To Absent Friends, 1989, detail of the five o’clock in the
evening hologram, Macquarie University Art Collection, Sydney, Australia (pho-
tograph by Effy Alexakis, Photowrite; provided by Macquarie University Art
Gallery)™.

conducted studies on audience reactions to holographic art exhibitions.
They found that most people were ‘surprised, fascinated, and even shocked’
when they saw holograms, with some viewers even unable to distinguish
between the holograms and the objects. As an artist, she also detected that
the audience could go through an ‘unspoken illusion’, with a misinterpreted
perception of such a sensory experience. Holograms, with their stunning
three-dimensional realism and expressive potential, can influence the
responses of the ‘human senses’. Benyon suggested that holograms are a
more direct medium of perception than paintings, and allow for a more
comfortable, realistic and immersive viewing experience™.

Valyi-Nagy provides a theoretical analysis of how holograms provoke
embodied and affective responses, focusing specifically on Paula Dawson’s
large-scale laser transmission holograms (Fig. 2)*. Drawing upon the
concepts of haptic visuality and Einfithlung (“feeling-into”), Valyi-Nagy
argues that Dawson’s holograms activate a kinaesthetic mode of viewing,
entangling visual and tactile perceptions. Rather than being merely visual
representations, these holographic images elicit bodily engagement,
prompting viewers to physically move around the virtual image space, often
reaching out or leaning forward, despite the impossibility of actual touch.
This sensory tension created by the simultaneous visual presence and tactile
absence intensifies viewers’ emotional sensitivity and somatic awareness.
According to Valyi-Nagy, such perceptual dynamics distinguish holography
not only from static images but also from immersive VR environments,
positioning holograms within a distinct lineage of materially grounded,
experiential visual art.

A recent empirical study by Xu et al. investigated how holographic
displays facilitate emotional engagement within museum contexts™.
Through structured interviews with sixteen museum professionals,
designers, and cultural heritage practitioners, the researchers explored
affective responses elicited by a holographic exhibit featuring a Roman
intaglio. Utilising TF-IDF textual analysis, the study identified ‘curiosity,’
‘wonder,” and ‘lifelike’ as the predominant emotional descriptors. Partici-
pants particularly emphasised the hologram’s three-dimensional spatial
realism, depth perception, and tactile illusion as primary triggers of emo-
tional responses. Additionally, the findings revealed a clear emotional
progression, where initial reactions of fascination and intrigue evolved into
sustained cognitive reflection. This suggests that holography can effectively
support both immediate and enduring forms of visitor engagement. The
insights underscore the emotional affordances inherent in holographic
display technologies, highlighting their potential to significantly enhance
interpretive depth and create memorable experiences in museum
exhibitions.

With modern science and technology development, the construction
of places has become more uncomplicated and straightforward. Many visual
artists actively respond to the drastic changes in today’s society, to build
communication between real and virtual places, where holographic tech-
nologies can be used to integrate them organically ”. From a media per-
spective, virtual reality (VR), with its new ways of communicating
information and sensory experiences, produces a disruptive form of com-
munication - immersive communication. While human consciousness is
considered a purely natural (biological) phenomenon®, consciousness is
also an individual’s awareness of unique thoughts, memories, feelings,
sensations, and environments, from others and themselves. Essentially,
consciousness is one’s awareness of the world around them, and it is sub-
jective and unique. From the perspective of human consciousness,
immersion is inextricably linked to the creation of authentic and believable
situations. Immersion has been described as an emotional and cognitive
experience that allows people to forget actual reality and see the digitally
brought experience as reality ’, while holograms are considered to have the
natural parallax and focusing ability to reproduce real scenes. It can present
three-dimensional images with realistic visual effects and combine with
depth-of-field information from the physical environment.

In addition to content and format, the emotional impact of holography
is shaped by its presentation context. A recent experimental study by Wei
et al. found that correlated colour temperature (CCT) significantly influ-
ences viewers’ emotional reactions to monochromatic holographic images™.
Specifically, lighting conditions at both extremes (warm at 3000 K and cool
at 6000 K) elicited stronger emotional responses compared to neutral
lighting (4000 K), with warm lighting generally preferred for enhancing
emotional connectivity and perceived realism. These findings underscore
the importance of curatorial lighting design, suggesting that emotional
engagement in holographic environments is co-constructed by visual con-
tent and its ambient lighting conditions. For curators and exhibition
designers, such insights offer practical guidance for optimising the affective
atmosphere through precise control of lighting parameters.

Since holograms can produce highly detailed images at multiple angles,
viewers are given the opportunity to engage with the scene in unique ways
not offered by traditional two-dimensional and stereoscopic three-
dimensional displays, such as perceiving depth. Menning and Piper found
that three-dimensional space created by holograms can be perceived from a
human physiological perspective and suggested that holograms can bring
about physical effects and tactility”’. As Martina Mrongovius explained,
“When the recorded visual perspective matches the spatial perception of the
viewer, the hologram produces a visually realistic volume™”. These char-
acteristics of holograms provide the viewer with an incredible sense of visual
reality °. As a result, the expansion of space offered by holograms can
construct the narrative content in a multi-dimensional way. Compared with
the conventional method, it can provide the spatial dimension of visual
narrative with extended possibilities and deliver richer narrative content.
The narrative presented by the holograms breaks through the visual lim-
itations of traditional media, bringing tension and a real three-dimensional
visual experience to the viewers.

These studies collectively show that the emotional impact of holo-
graphic displays in museum settings is shaped by a combination of visual
fidelity, spatial depth, and curatorial context. Factors such as perceptual
realism, the illusion of tactility, and ambient conditions contribute to how
visitors experience and interpret holographic content. Rather than serving
purely as a technological novelty, holography emerges as a medium capable
of fostering meaningful emotional engagement, enhancing cultural inter-
pretation, and supporting more memorable, affectively rich encounters with
heritage.

Theoretical framework of holographic displays in
emotional engagement

To bridge empirical insights with conceptual clarity, this section introduces
a theoretical framework that elucidates how holographic display technol-
ogies mediate emotional engagement in museum contexts. Grounded in our
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recent empirical study, the framework identifies six interrelated mechan-
isms through which holography evokes emotional resonance, facilitates
memory formation, and enriches interpretive depth™.

Emotional responses such as curiosity and wonder play a critical role in
memory formation and knowledge retention, particularly within immersive
museum environments. The vividness and lifelikeness of holographic dis-
plays allow emotional arousal to act as a cognitive anchor, reinforcing
information processing and long-term recall. Participants in our study
frequently reported that engaging emotions led to a deeper understanding of
artefacts, thus supporting the broader educational mission of museums™**.

Holographic displays evoke strong emotional reactions through their
distinctive sensory characteristics, including three-dimensionality, spatial
layering, and vivid colour representation. These passive yet immersive
features elicit emotions such as shock, excitement, and wonder, without
requiring active interaction’. Visual effects that simulate depth and tactility
provoke instinctive emotional responses, often described as lifelike or
surreal”. These findings align with current research on how multisensory
design influences visitor emotions in cultural spaces™.

Another key theoretical insight concerns the emotional trajectory
visitors experience while interacting with holographic exhibits. Our data
shows that initial responses of curiosity often evolve into wonder, imagi-
nation, and further engagement—an emotional sequence that sustains
attention and promotes active reflection. This progression reflects how
holography not only captures attention but guides visitors into deeper
cognitive and emotional involvement™”.

Holography’s capacity to support layered storytelling contributes sig-
nificantly to emotional resonance. Through z-axis layering, spatial realism,
and light design, holographic exhibits serve as narrative tools that blend
historical information with experiential immersion. This emotional inten-
sity enriches interpretive depth and promotes meaningful visitor-artefact
relationships, especially in thematic or storyline-driven exhibitions™***.

Holography also functions as a medium for emotional substitution,
allowing visitors to engage meaningfully with artefacts that are absent,
unavailable, or fragile. This technological mediation preserves not only
informational content but also emotional continuity, particularly when
physical displays are limited. By offering realistic three-dimensional sub-
stitutes, holography ensures uninterrupted educational and cultural
engagement ™.

Finally, the long-term impact of emotional engagement through
holography extends beyond the immediate visit. Participants in our study
described strong emotional persistence, such as anticipation for future visits
and increased likelihood of recommending exhibitions to others. These
findings underscore the potential of holography to shape visitor behaviour

over time and enhance cultural participation*".

Distinguishing critical perspectives of 3D holographic,
stereoscopic, and autostereoscopic displays

In museum contexts, three-dimensional (3D) display technologies are
increasingly used to enrich visitor engagement and enhance the delivery of
content. However, the blanket label “3D” often masks the fundamental
differences among holographic, stereoscopic, and autostereoscopic displays
that bear directly on perceptual experience, emotional engagement, and
curatorial applicability.

Stereoscopic displays create the illusion of depth by delivering two
offset images to the left and right eyes, requiring the viewer to wear
glasses to perceive binocular disparity. While this technique is widely
implemented, it is often associated with visual discomfort due to the
vergence—accommodation conflict, a mismatch between convergence dis-
tance and focal depth that may result in eye strain or fatigue”. Auto-
stereoscopic displays, which aim to remove the need for glasses, utilise
parallax barriers or lenticular lenses to separate views for each eye. Although
they provide a glasses-free experience, these systems often constrain users to
narrow “sweet spots” and may suffer from reduced resolution, brightness, or
image distortion at oblique angles. As Urey et al. point out, autostereoscopic
displays are particularly sensitive to viewer position and ambient lighting

conditions, which can significantly limit their effectiveness in public exhi-
bition settings®’.

In contrast, holographic displays reconstruct the full light field of an
object using interference and diffraction, enabling accurate spatial repro-
duction of depth, parallax, and perspective shifts. Viewers can move freely
around the image without specialised equipment, experiencing depth and
realism unattainable in planar displays*'. Earlier innovations, including the
CHIMERA full-colour holographic printer developed by Gentet, have
demonstrated how holography can produce visually compelling, high-
resolution 3D images with full parallax and depth cues. These technologies
offer promising applications in museum contexts, where spatial fidelity and
visual immersion are essential to enhancing visitor engagement".

Technological distinctions manifest not only in visual realism but also
in emotional and interpretive impact. Stereoscopic and autostereoscopic
systems tend to provoke initial fascination but lack the perceptual continuity
required for sustained immersion. Studies indicate that such displays are
often perceived as visually novel but cognitively superficial, especially when
discomfort or fixed viewpoints disrupt engagement’*’. By contrast, holo-
graphy has demonstrated stronger affective affordances in cultural heritage
environments. Empirical evidence suggests that holographic museum dis-
plays can elicit deeper emotional responses and support more reflective,
cognitively engaged forms of interpretation™.

From a curatorial perspective, these distinctions necessitate careful
evaluation. Holography offers significant advantages in perceptual realism,
multi-viewer accessibility, and narrative potential. While costs and technical
complexity remain challenges, developments in hardware and content
generation are steadily lowering the barrier to implementation®. In contrast,
stereoscopic and autostereoscopic formats may remain viable in constrained
contexts but should be used with an awareness of their experiential lim-
itations. Critically, conflating these technologies under the broad label of
“3D” risks overlooking the distinctive spatial and emotional affordances of
each. A nuanced understanding of these differences enables more deliberate
and impactful integration of visual technologies in museum practice.

Evolution of museology: from object-centred displays
to visitor-centric experiences

Museology may be regarded as consisting of cultural studies and cultural
theory to define new possibilities and methodologies for the curation of
artworks, collections and exhibitions and their display’. New museology has
recently shifted its focus from museum exhibits to the visitor experience.
Museology views the museum as an educational tool in the service of the
development of society, an environment for learning and enjoyment for its
visitors*. In museums, participatory experience means involving visitors in
an exhibition or activity and utilising the experience to better understand
and enjoy what the exhibit or activity is about™. Participatory experiences
can be achieved in a variety of ways, for example, through the provision of
immersive exhibitions, interactive installations, creative displays, etc.
Through participatory experiences, visitors can acquire a deeper under-
standing of the content, obtain the essence more intuitively, and share and
exchange with other visitors, thus enhancing the attractiveness of the
museum and the visitor experience.

Since the 20th century, much of museology literature has emphasised
the importance of improving museum user experience and how to engage
visitors. For example, in 2017, Eva Pietroni, an art historian and cultural
heritage conservation expert, suggested that museums were often overly
redundant: exhibition space is often overloaded with objects, giving the
impression that they needed more living space. Too many similar objects
repeat, and visitors often experience information overload, causing very
limited attention span on individual objects, often skipping many
altogether™.

Scholars Hee Soo Choi and Sang-Hyun Kim indicated that the
methods of museum exhibitions were rapidly changing. While focusing on
visitors’ museum experience, new display methods employed various digital
technologies to provide exhibition content that allowed visitors to better
understand the artefacts on display”. Professor of psychology and education
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at the University of Michigan, Scott G. Paris, indicated that museums were
moving away from object-based displays. The displaying objects and relative
educational interpretation were sufficient to convey the intrinsic meaning of
the objects. Museums have experimented with new modes of commu-
nication, particularly those that communicate cultural significance through
integrating objects, displays, new media and visitors’ psychological
narratives’. In this new paradigm, the object’s authenticity was no longer an
important issue relative to its potential to support viewer engagement and
learning processes. The notion of the viewer gaining experience becomes
increasingly crucial in museum studies™.

In 2018, Kosmopoulous and Styliaras argued that in modern
museology, museum visitors” encounters with objects and collections had
become the focus of attention®. From the viewers’ perspective, they were no
longer satisfied with ordinary, homogenous objects on display, but were
looking for bespoke, emotional experiences™. Popularising visitor-oriented
concepts has created new challenges for museums, prompting them to seek
and provide visitors with memorable experiences. Significantly, this direct
and unique experience cannot be replicated. In addition, visitors’ knowledge
and interests enable them to participate and interact during the visit and
engage in a more extraordinary and intense experience™. As early as 1999,
director Doering, project analyst Pekarik and social science analyst Karns
developed the concept of ‘satisfying experiences’ and divided these experi-
ences into four aspects: object experiences, cognitive experiences, intro-
spective experiences, and social experiences. Object experiences refer to
seeing the ‘real thing’, rare or valuable objects, and being astounded by
authenticity. Cognitive experiences focus on interpretive or intellectual
experiences, including gaining information or knowledge, or enriching
understanding. Introspective experiences emphasise private feelings and
experiences, such as imagination, reflection, memory and connection. Social
experiences focus on interactions with friends, family, other visitors or
museum staff. These conceptions still seem instructive for the present™.

Museum contextual design based on digital media technology is
making traditional museum formats increasingly abundant. New technol-
ogies are gradually expanding the museum experience from a pre-
dominantly visual one to an integrated contextual experience that includes
enhanced experiences, immersive experiences, virtual experiences, and
personalised experiences, which can significantly enhance the visitor
experience. Hence, museums are trying to develop a more viewer-centric
perspective, and they are focusing on viewer experience management’>>”.
Previous research on visitor experience has shown the perceived experience
is a major determinant of viewer satisfaction, memory retention, and will-
ingness to recommend or repeat the experience’*. As a result, museums
have become increasingly active and interactive, with visitors constantly
stimulated and engaged by the increasingly interactive exhibitions™. Each
element engages the visitor in a unique and personalised experience'.

The role of museums in society is changing. Museums are reinventing
themselves to become more interactive, audience-centred, community-
oriented, flexible, adaptable, and mobile. Museums have become cultural
centres, serving as platforms where creativity and knowledge are combined,
and visitors can co-create, share and interact. Nowadays, museums seek
innovative ways to address contemporary social issues and conflicts, striving
to respond positively to society’s challenges. As core public institutions,
museums can build dialogue between cultures, build bridges for a peaceful
world and define a sustainable future. As museums increasingly grow as
cultural centres, they are also finding new ways to commemorate collections,
history and heritage, creating new traditions for future generations and
being relevant to an increasingly diverse contemporary audience on a global

56

scale™.

Holography in museums: enhancing accessibility,
engagement, and immersion

From exhibiting artefacts to installing digital displays, museums are moving
into the future through technological innovation®. New technologies such
as VR, augmented reality (AR), and holography are reshaping the visitor
experience, merging educational content with entertainment”’. By

enhancing engagement, these tools enrich the educational value of exhibits
and appeal to younger, technologically oriented audiences. In particular,
holography offers unique advantages over other digital technologies, such as
AR and 3D films, particularly in facilitating passive interaction. Barabas and
Bove’s exploration into holographic displays reveals a form of interaction
where visual realism and depth perception depend on the observer’s
movements. This interaction allows the hologram to change its appearance
as viewers shift their perspectives, facilitating dynamic experiences such as
discovering hidden details or shifting reflections’. Unlike active interactions,
where touch or voice commands directly manipulate the system, holo-
graphy creates a more subtle yet immersive visual engagement.

One of the key strengths of holographic displays compared to other
technologies is their ability to offer ‘true’ three-dimensional space without
requiring special equipment like glasses’. This makes holograms particularly
accessible and suited for collective viewing experiences, allowing multiple
visitors to engage with the exhibit simultaneously without needing addi-
tional gear®. This contrasts with AR, which typically requires smartphones
or headsets, and 3D films, which require special glasses to simulate depth.

Additionally, holographic displays create a sense of depth and realism,
where the viewing experience is dynamic and changes naturally with the
observer’s movement. In contrast, AR tends to overlay digital elements on
top of the real world, which can sometimes detract from the depth per-
ception of physical objects. VR, on the other hand, immerses the user in an
entirely virtual environment, often isolating the visitor from the shared
experience of others in a museum setting. Holography’s strength lies in its
collective immersion, where multiple viewers can share the same exhibit in
real time, each experiencing slightly different perspectives depending on
their physical position’. This feature makes holography particularly effective
for museums.

Dingli and Mifsud highlighted the effectiveness of holograms in cap-
turing visitors’ attention and prolonging their interaction time compared to
traditional display methods®. Their study revealed that holographic exhibits
foster greater levels of active engagement, such as virtual dialogues and
exploratory behaviour. Moreover, the research emphasised the role of
holograms in strengthening visitors’ memory retention and emotional
connection to the exhibits, particularly when presenting complex historical
or cultural narratives. Johnston emphasised that holography can create
highly accurate, three-dimensional replicas of artefacts, enabling museums
to display fragile or inaccessible objects while maintaining their
authenticity™. More recently, Liu et al. advanced the concept of mobile
holographic museums as a means of overcoming spatial limitations and
enhancing accessibility. Their study highlighted how holographic display
technology, when integrated into flexible mobile exhibition design, can
deliver cultural artefacts directly to community settings. Such systems allow
contact-free, multi-angle viewing of exhibits, significantly increasing inter-
activity and immersion while maintaining the integrity of fragile
collections™.

A recent study has also explored the educational and creative potential
of holography in museum-related product design. For instance, a design-
driven project based on a Bronze Sitting Dragon artefact from the Capital
Museum of China demonstrated how holographic cultural and creative
products can extend the museum experience beyond traditional
exhibitions”. By integrating holographic technology into product interac-
tion, visual storytelling, and educational engagement, the design allowed
users to access multisensory content in a more accessible and playful format.
This approach fosters public interest in cultural heritage and enhances
cognitive engagement through novel visual formats and interactive func-
tions, particularly among younger or non-traditional museum audiences.

Building on these findings, empirical studies have further explored the
impact of holography on visitor engagement, providing additional evidence
for its effectiveness in enhancing museum experiences. For example, Xu eth
al. investigated emotional engagement with holographic displays’. During
the interviews, participants were presented with a comparison of the phy-
sical object, its photograph, and a holographic display of the Red Jasper
Intaglio Caracalla (Fig. 3). Insights were gathered through interviews with 13
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individuals possessing expertise in arts, design, or museology and were
analysed using TF-IDF to identify key emotional responses. Curiosity and
amazement were the most frequently reported emotions, highlighting
holography’s potential to captivate and engage visitors. Visitors also noted
that the realism and three-dimensionality of the holograms deepened their
emotional connection to the exhibits, with the interactivity of the holo-
grams, adjusting dynamically based on the viewer’s perspective, praised for
stimulating exploration. Participants further indicated a long-term impact

Fig. 3 | Red Jasper Intaglio Caracalla’s Hologram in Trimontium Museum, Melrose,
Scottish Borders’.

on their interest in future museum visits and an increased likelihood of
recommending holography.

Furthermore, holography offers museums the opportunity to display
fragile or inaccessible artefacts in new ways. With full-colour holograms,
museums can present highly realistic reproductions of valuable or delicate
objects that may otherwise be stored away due to preservation concerns.
This ability to create lifelike reproductions not only preserves the integrity of
rare objects but also democratises access, allowing more visitors to engage
with these exhibits up close without risking damage to the original
artefacts'.

Holography: a bridge between art, science, and
museum preservation

Holography represents an integration of scientific innovation and artistic
creativity, offering new possibilities for museum displays’. As demonstrated
in digital holographic applications, this technology enhances the presenta-
tion of historical artefacts by combining scientific precision with aesthetic
expression, thereby stimulating viewer perception and creating a deeper
connection between audiences and cultural heritage.

Museums are experimenting with using 3D composite images and
holographic technology in practical applications. Frequently, museum
collections contain many objects that cannot be displayed for a variety of
reasons, such as gallery constraints, fragile artefacts, renovation costs, or the
loss or destruction of objects. These problems can be resolved by replacing
real objects with holograms, which can also be combined with existing parts
of the collection (remnants). This method can be utilised for collections with
missing or damaged parts. The use of full-colour holograms alongside the
collection conducted the physical parts complement the images and gave a
complete experience of viewing the entire collection'. High insurance costs
of valuable artefacts also limit museums on what they can feasibly display, an
obstacle rendered moot by holographic technology, with the added
advantage of mobility to protect the original artefact from dangerous
journeys between museums®".

For example, the Byzantine and Christian Museum BXM (Athens) has
collaborated with the Hellenic Institute of Holography HiH (Hellenic
Institute OF Holography) to document its collection of 12 objects in the
form of OptoClones™ (a type of colour hologram of the Denisyuk type) from
his collection (Fig. 4)".

The full-colour holograms are on display as part of the museum’s
permanent collection, and some have been loaned abroad to replace the
originals. As Nikos Konstantios, an archaeologist and museologist at the
Byzantine and Christian Museum (BXM), elaborated on this decision: “Our

Fig. 4 | Left: Photograph of the OptoClone-BXM1,
two pairs of golden earrings, 4th ¢ AD. Right: Pho-
tograph of the OptoClone-BXMBS, silver earrings,
4th c. AD".
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Fig. 5 | Holographic Coronation Imperial Easter Egg
(Left) and the Rosebud Imperial Egg (Right)"’.

Fig. 6 | The Bronze Age axe (down) and its holographic image (top) in Llangollen
Museum’.

choice to use hologram displays, rather than other digital media technolo-
gies, as a visual substitute for selected objects on temporary loan, was rooted
in the belief that panchromatic holography’s surreal, one-to-one, three-
dimensional optical representation allows viewers to form an accurate
perception of the object, even in the absence of the original artefact. This
realistic perception is immediately evident upon a viewer’s first encounter
with the hologram™.

Holograms can be utilised to present museum artefacts with high visual
accuracy, sometimes making it difficult for viewers to distinguish between a
holographic reproduction and the original object’. In the field of cultural
heritage, holography has demonstrated potential in two key areas’. Firstly, it
serves as a visualisation tool, allowing for the display of digital replicas of
fragile artefacts that may otherwise be inaccessible to the public. Secondly, it
offers a scientific approach to preservation, enabling researchers to docu-
ment and reconstruct artefacts before further degradation occurs.

One example of using holography to preserve historical artefacts is the
Fabergé Museum in Baden Germany. In 2014, under the assistance of the
Mechanics and Optics (ITMO) of Saint Petersburg National Research
University of Information Technologies, The Fabergé Museum produced
five unique, almost identical holographic optical replicas of 13 selected
works of art from the museum, Fig. 5 shows a holographic image of Fabergé
Imperial Eggs'.

In addition to using holographic optical reproductions as an alternative
form of exhibition, technology and digitisation also allow museums to share
their collections with the public differently. It is well known that many
museum collections may be difficult to display and move for various rea-
sons, and even if they can, it is difficult for visitors to see the collections from
all angles. Therefore, holography technology has also been utilised to archive
and exhibit rare and high-value cultural relics. For example, the Llangollen
Museum displayed a Bronze Age axe and its holographic image together
(Fig. 6). Holography technology provides the possibility of essentially
copying cultural relics and has reached the point where the viewer can
hardly tell whether or not they are looking at the real exhibits or holographic
copies. Although holographic reproductions can never replace the actual
value of physical works of art, it enables museums to achieve one of their
most important functions - maintaining the display of exhibits. Analog
holography provides a means to preserve the unprecedented microscopic
details of faithful visual records, and holography can also help museums to
hold itinerant exhibitions.

In 2016, Dr Shuo Wang explored the potential of digital holography as
a creative medium for displaying museum artefacts and enhancing their
contextual appreciation. This research aimed to utilise digital holographic
printing as an innovative technique to recover and represent detailed
impressions of cultural relics, contextualising them in their original and
discovered environments’.

Collaborating with Jiangxi Gao’an Museum, Wang applied holo-
graphic modelling to Yuan blue-and-white porcelains. Due to the museum’s
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Fig. 7 | A view of the simulated Yuan blue-and-white porcelains with texturing in Maya’.

Fig. 8 | The simulated scene of a digital hologram montage, representing stages in
manufacture in this case’.

limitations, the collections lacked comprehensive digital scans and primary
data. To overcome this, Wang reconstructed 3D models in Maya software
using photographic data and dimensional records, employing the “4RE”
method (redefinition, recreation, reconstruction, representation) to opti-
mise digital holographic printing’. As shown in Fig. 7, the Yuan blue-and-
white porcelain artefacts were digitally reconstructed using Maya software.
The simulated 3D models accurately represent the objects’ textures and
material properties, ensuring a realistic visualisation for holographic
printing.

Dr Wang digitally modelled the porcelain artefacts by extracting tex-
ture maps from photographs, applying realistic material rendering, and
simulating authentic lighting conditions. Furthermore, he introduced
Holomontage, a new artistic form that integrates multiple holographic
perspectives to create dynamic, narrative-driven museum displays’. Figure 8
illustrates the concept of Holomontage, which integrates multiple stages of
the porcelain’s manufacturing process into a single holographic

Fig. 9 | The artificial soil surrounding the hologram’.

composition. This approach enables viewers to experience a narrative-
driven reconstruction of the artefacts.

One significant outcome was a holographic artwork portraying the
excavation site where the largest quantity of Yuan blue-and-white porcelain
had been found. The final 4RE-based display methodology provided
audiences with unprecedented access to these artefacts, offering both
archaeological and artistic reinterpretations’. This holographic installation
was successfully exhibited in Beijing in 2016, where public reaction was
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overwhelmingly positive, demonstrating the potential of digital holography
for artistic and hybrid artistic-factual displays. Figure 9 depicts the exhibi-
tion set up in Beijing, where artificial soil was used to create a contextual
environment surrounding the holographic display. This immersive instal-
lation provided visitors with a novel way to engage with the artefacts.

One notable application of holography in museums is the “Bringing the
Artifacts Back to the People” project, led by the Centre for Modern Optics in
collaboration with several museums, including the British Museum and the
National Museum of Wales™. The project employed colour holography to
create ultra-realistic, three-dimensional images of rare and fragile artefacts,
making them accessible to a wider audience through a touring exhibition.
Among the recorded artefacts was a 14,000-year-old decorated horse jaw
bone from the Ice Age, held at the British Museum in London (Fig. 10). The
Denisyuk colour reflection hologram technique enabled the creation of
lifelike holograms displayed in several museums across North Wales (Fig.
11). This allowed the public to experience highly detailed, three-dimensional
replicas of the original artefacts in locations where the physical objects could
not be exhibited due to preservation concerns.

The integration of holography in museum object display has demon-
strated significant potential in overcoming traditional constraints related to
artefact preservation, accessibility, and visitor engagement. Case studies

Fig. 10 | Horse jaw bone recording setup®.

such as the “Bringing the Artifacts Back to the People” project and the
OptoClone™ initiative illustrate how holography enables museums to pre-
sent highly detailed, realistic reproductions of fragile or inaccessible objects.
Additionally, projects like the Fabergé Museum holographic replication
showcase how museums can use holography to extend the reach of their
collections while maintaining an authentic visual experience. These
implementations highlight the growing acceptance of holographic displays
as a viable tool in cultural heritage preservation.

Conclusions

Holographic technology has emerged as a transformative tool in museum
exhibition design, offering an innovative approach to enhancing visitor
engagement and perception. This review has examined the impact of
holographic displays on museum experiences, highlighting their ability to
create immersive, interactive, and emotionally engaging environments. By
leveraging advanced optical techniques, holography provides an unpar-
alleled sense of depth and realism, surpassing traditional two-dimensional
and digital display methods’.

The integration of holographic displays in museums has influenced
visitor perception, fostered emotional connections with artefacts, and
enhanced learning outcomes’. Unlike conventional exhibition formats,
which rely heavily on static representations, holography enables dynamic
and participatory experiences that align with contemporary expectations of
digital interactivity. The technology’s ability to present artefacts in three-
dimensional space without the need for additional viewing devices also
enhances accessibility and collective engagement within exhibition spaces’.

Despite its advantages, several challenges remain in the widespread
adoption of holography in museums. High implementation and main-
tenance costs, technical constraints such as viewing angles and resolution
limitations, and concerns regarding the authenticity of digital reproductions
continue to pose barriers’. Additionally, the long-term sustainability and
scalability of holographic applications require further investigation to
ensure their viability as a standard exhibition practice.

Future research should focus on refining the technical aspects of
holography to enhance its accessibility, cost-effectiveness, and integration
within diverse museum settings. Existing studies predominantly employ
subjective research methods, lacking objective, data-driven approaches.
Future research could explore a broader participant base, diverse holo-
graphic designs, and integrating physiological measures (e.g., EEG, heart

Fig. 11 | Hans I. Bjelkhagen next to the Horse Jaw
hologram®.
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rate) to complement self-reported emotional responses. Empirical studies
evaluating visitor engagement, cognitive processing, and emotional
responses to holographic exhibits would further substantiate the technol-
ogy’s efficacy in cultural heritage interpretation. Furthermore, inter-
disciplinary collaboration between curators, designers, and technologists
will be essential in developing holographic experiences that complement
rather than replace traditional museum practices.

As museums continue to embrace digital innovation, holography
presents a compelling opportunity to redefine audience interaction with
cultural heritage. While current implementations illustrate its potential,
further advancements and critical evaluations will be necessary to fully
realise its role in shaping the future of museum experiences.
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