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Abstract: Ancient manuscripts are precious and fragile objects, preserved in libraries, museums, and
archives. Some of them are masterpieces, made with several materials and insights, but generally
they are not accessible to wide communities of users. The purpose of this study is to present
the preliminary results of the Codex4D project: a holographic showcase, conceived for museums,
presenting the first 4D model of an ancient manuscript to the public at the Science Festival in Genoa
in 2022. The manuscript, preserved in the Angelica Library in Rome, has been represented in a
multidimensional digital model, documenting both its visible and invisible aspects, on the surface
and in the stratigraphic layers. We analysed the visitor experience: informal learning, the meaning-
making process, interactions between visitors, and gesture-based interaction with the showcase.
The methodology used for evaluation is based on four different qualitative methods (grounded
theory, narrative inquiry, case study, and digital ethnography). We collected notes from observation,
narratives from interviews, and answers from structured interviews. The main findings are patterns
of the visitors’ experiences with a digital interactive 4D model of an ancient manuscript, supported
by storytelling, and a list of design issues and possible improvements for the next version of the
Codex4D holographic showcase.

Keywords: ancient manuscript; 4D digital models; holographic showcase; visitor study; mixed
methods; storytelling; gesture-based interaction; grounded theory; ethnography

1. Introduction
1.1. Aims of the Codex4D Project

In 2021, the project “Codex4D: four-dimensional journey to the centre of the manuscript”
was started by the Institute of Heritage Science at CNR and the Department of Industrial
Engineering at the University of Rome, Tor Vergata, thanks to funding from the Lazio Region.
The project is concerned with the definition and testing of a methodological pipeline for the
digital documentation and 3D exploration of information about visible content and elements
that are no longer visible or hidden in the structure of ancient codices.

The aim is to document elements that enhance the knowledge of a manuscript,
e.g., text parts buried in the binding and stratigraphies of the illuminations, as well as
characterisations of the chemical–physical–biological nature of the materials, using a 3D
model to which the fourth dimension of depth has been added.

We wanted to increase the documentation and knowledge of important ancient
manuscripts, considered to be complex artefacts, made of different materials and pre-
served at the Angelica and Casanatense Libraries in Rome.

The approach is innovative, aimed at creating a multidisciplinary experience of the
manuscript inside virtual and mixed reality environments, taking into consideration tangi-
ble and intangible values:
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1. Form and structure;
2. Content and meaning;
3. Materials, execution techniques, and state of preservation.

All these typologies of content are integrated into a unique virtual multidimensional
model. Superficial information is associated with the visible spectrum of light, RGB (the
additive model of colours red, green, and blue), captured via standard photo cameras. RGB
images were also used to produce a photogrammetric model of the object, via structures
from motion techniques [1]. The invisible content associated with the sub-superficial
layers was acquired via a thermal camera, and consisted of images in the medium infrared
range [2]. These latter were able to provide information hidden at increasing levels of
stratigraphic depth under the final pictorial layer, such as gilding preparation, preparatory
drawings, repentance, censorships, and fragments of text buried under bindings.

In addition to the investigation based on “imaging” techniques, microbiological,
punctual chemical, and physical analyses were conducted on individual points or small
areas of the manuscript and its illuminations to understand the nature of the pigments,
inks, and binders; preparations; their level of degradation; the presence of pathogens in
the present or in the past through the identification of traces of genetic materials; and the
general state of health of the artefact.

The interpretation of so much information can reconstruct the complex story of the arte-
fact, including the significance of written and pictorial content, craftsmanship, conservation
history, and cultural relations.

The relevant information has been mapped as “annotations” on the virtual multidi-
mensional model, and as informative/semantic spots.

Definitively, in the Codex4D project we have designed and tested a new model of rep-
resentation, visualisation, and narration of the cultural artefact via interactive applications
that are the result of the interconnection between the humanities and diagnostic sciences.
The aim is to converge multi-level information on an integrated model of knowledge and
valorisation. This activity involves the development of:

• Digitisation techniques;
• Some 3D and 2D representation techniques;
• Multi-level texturing;
• The integration and contextualisation of cross-sectoral information into a 3D model;
• Visualisation techniques;
• The implementation of interaction and analysis tools;
• The conception of narration techniques;
• Protocols for evaluating the usefulness, impact, credibility and effectiveness of the

experience from a cognitive point of view;
• Models of social interaction with digital manuscripts.

In this paper, we present one of the results of the project: the Codex4D holographic
showcase, conceived for museums and libraries, where the aforementioned elements
are implemented following a narrative and moving style. The aim of this particular
installation is to bring the attention of the general public to ancient manuscripts, as they are
often inaccessible or difficult to understand despite their preciousness. In particular, the
conception, the design, and the impact on the public of the holographic showcase will be
discussed. In fact, its usability, its educational potential, and the behaviours elicited by the
holographic showcase were measured and evaluated on the occasion of a public exhibition
in Genoa in 2022, using different qualitative methods. The methodology of this evaluation
and its results will be reported in detail.

1.2. Structure of the Paper

This paper is organized into five sections. Section 1, the introduction, presents the
general context in which the Codex4D holographic showcase was conceived and developed,
and the aims and the research activities carried out within the project. A brief discussion
on the Italian and the international state of the art concerning manuscript projects is
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introduced, to contextualise this contribution and highlight the added value and the new
research scenarios offered by the project.

The holographic showcase is also presented, as a mixed reality environment and a
new communication format particularly suitable for museums. Finally, the holographic
showcase specifically designed for the Codex4D project is described in detail, consid-
ering the exhibition context, media, languages, styles, interaction modes, and expected
user experience.

Section 2 describes the materials, methods, and data used to evaluate the user experi-
ence. We summarise the methodology, based on grounded theory, ethnography, case study,
and narrative inquiry. This section includes descriptions of the method, research questions,
data collection, and analysis.

Section 3 presents the results of this pilot study about visitors’ experiences with a
digital manuscript in 4D, and the overall impact of the holographic showcase. They are
structured into research questions Q1, Q2, and Q3.

Section 4 is divided into two parts: a theoretical comparison between our results and
results from other studies, and a description of possible future developments of the user
experience research on holographic showcases dedicated to digital manuscripts in 4D.
Section 5 summarises the conclusions.

1.3. The Codex4D Project in the International Scenario Related to Manuscripts

At the beginning of the project, a benchmark of the existing initiatives and studies
regarding manuscripts (websites, applications, catalogues, scientific papers) was investi-
gated, in order to contextualise our work in the Italian and international research landscape,
and to understand which issues, still uncovered, we could have solved. What emerged
from this benchmark can be summarised as follows:

1. The dialogue between diagnostic scientists and art historians/codicologists/palaeographers
is still poor [3], apart from a few cases like the “Miniare” project from the Fitzwilliam
Museum at Cambridge [4,5], aiming at creating a bridge between art history and diagnostics,
despite the manuscript being documented and represented in 2D;

2. By far the most prevalent kind of digitisation is 2D, and it is dedicated to con-
tent (text, sheets, illuminations), sometimes accompanied by educational videos
on the manuscript production phases (Bibliothèque National De France [6], British Li-
brary [7], Paul Getty Museum [8], Metropolitan Museum of Art [9], Bodleian Libraries,
Oxford) [10];

3. There is a general lack of information on diagnostics/preservation/restoration status,
with the exception of the aforementioned “Miniare” project;

4. In some cases, the semantic mapping of page content was applied (Codex Atlanticus,
Biblioteca Ambrosiana) [11];

5. The concept of “annotations” is introduced, but on 2D digitisations (Utrecht Psalter
website realised by the Utrecht University Library) [12]; at least one case of anno-
tations contextualised on a 3D model exists: the virtual reality experience of a 15th
Century illuminated Book of Hours [13], realized by the University of Southern Cal-
ifornia Dornsife in collaboration with the USC’s Archaeology Research Center, the
School of Cinematic Arts, and Special Collections. Using digital photography and 3D
modelling, a virtual model was created to be experienced within a VR environment,
using a head-mounted display and haptic interfaces. Before this American project,
PERCRO, at Scuola Sant’Anna in Pisa, realized the MUBIL project, with the NTNU
University Library of Trondheim [14]: books were enriched with 3D objects, additional
explanatory content such as pictures, drawings, videos, audio, and texts in Norwegian
and English [15];

6. The standardisation of open and interoperable formats has been sometimes adopted
(Vatican Library in collaboration with Stanford University Libraries) [16];

7. There is a general absence of 4D representations of manuscripts (surface, structure,
and stratigraphy) with related information;
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8. The communication of manuscripts to museum visitors is very difficult, due to their
scant accessibility and intelligibility (low light, obsolete language, static pose); in a
few cases, museums include a 2D digital gallery of the pages that can be browsed;

9. The introduction of online Italian catalogues (MANUS [17], OPAC [18]) and dig-
ital platforms in libraries serve to (a) facilitate book searches, (b) allow access to
content in its digital version, and (c) support interaction with content (highlighting
or annotation).

Ultimately, the manuscript is not valued as a complex object whose materials are
transmitters of meaning and stories.

Therefore, the study of illuminated manuscripts requires a new interdisciplinary
approach, as several scholars have evidenced [19].

The final purpose of the Codex4D project is to create (1) new approaches in the
scientific visualisation of ancient manuscripts inside VR environments in the web (Codex4D
Web App), mostly oriented towards an expert audience, and (2) new storytelling and
interaction metaphors in museums via the holographic showcase, to promote greater
curiosity and awareness of ancient manuscripts.

The project will be concluded at the end of 2023; however, the methodological ap-
proach has been clearly defined and relevant outcomes for different stakeholders and
communities are already available.

1.4. Case Study

After some preliminary tests at the Casanatense Library to fix the general methodology,
the project was developed on three main case studies at the Angelica Library in Rome:

(1) Ms 1474, De Balneis Puteolanis [20], a poem by Pietro da Eboli, dated 1258/1266, of
which three poses were acquired in 4D (cc.9v-10r, cc.12v-13r, cc.19v-20r);

(2) Ms 1102, Divina Commedia by Dante Alighieri [21], dated 1351/1400, of which two
poses were acquired in 4D (cc.4v-5r, cc.56v-57r);

(3) Ms 459, Libro d’Ore [22], a prayer book for secular use, dated at the beginning of the
XV century AD, of which three poses were acquired in 4D (closed book, cc.21v-22r,
cc.67v-68r).

All of them are very precious manuscripts, in parchment and with illuminations and gliding.
This paper deals with the case study represented by the holographic showcase that was

developed during the second year of the Codex4D project, related to the first manuscript,
De Balneis Puteolanis, presented for the first time at the Science Festival in Genoa, in Autumn
2022 (Figure 1). More specifically, it discusses the results of the user experience evaluation.

De Balneis Puteolanis, Ms 1474, is a poem in Latin, composed by Pietro da Eboli [23], a
poet at the Norman and then Swabian court, celebrating the therapeutic properties of the
Pozzuoli baths in the Campania region. De Balneis Puteolanis obtained considerable success
between the 13th and 15th centuries in southern Italy. The dating of Pietro da Eboli’s work
is controversial. The original was lost and many copies were made over time, but this is
the oldest known, possibly commissioned by Frederick II’s son, Manfred, to honour his
father. In fact, according to the almost unanimous opinion of critics, the copy preserved at
the Angelica Library is said to have been composed between 1258 and 1266 and dedicated
to Frederick II of Swabia. It is made of parchment, and is beautifully illuminated; each
composition celebrating the virtues of the baths is followed by a full-page illumination.
The illustrated narrative does not merely transpose the text into figures, but enriches it with
narrative, realistic, and descriptive details. The alteration of the original quire sequence of
the manuscript and the loss of sheets leads in some cases to an incongruence between text
and image, compromising the complementarity of the two facing pages [24].
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Figure 1. Codex4D holographic showcase dedicated to the manuscript “De Balneis Puteolanis”,
presented in Genoa.

The holographic showcase dedicated to this manuscript was presented in the context
of the exhibition “The Heritage Sciences Languages: from Macro to Micro”, organised
by the Institute of Heritage Science of the National Research Council (ISPC-CNR), which
was held at the outbuilding of “Villa del Principe”, a Renaissance palace, from the 20th of
October to the 1st of November 2022, in the wider context of the Science Festival that takes
place every year in Genoa, Italy.

This exhibition occupied two adjacent spaces (Figure 2):

(1) A large room (“Sala degli Argenti”) hosting the contents of five macro-areas related
to ISPC research, projects, and instruments used to digitize and investigate cultural
heritage, from aerial to ground scale, up to microscopic vision throughout the invisible
elements of the material;

(2) A small room where two multimedia installations let the public experience two
projects more extensively. The first one was dedicated to E-RIHS, the European
Research Infrastructure for Heritage Science [25], and specifically to the mobile and
fixed laboratories, archives, and competences that CNR IPSC makes available to
the international scientific community and museums; the second installation was
dedicated to Codex4D. Thanks to the most advanced techniques and the holographic
showcase, the manuscript became an “alive” and speaking object, engaging the public
not only through its contents and meanings, but also through its materials, parchment,
inks, and pigments.

The Codex4D exhibit included:

(a) An introductory movie 1.5 min long, visible in loop on a 40” television, regarding the
general purposes, methodologies, and activities of the Codex4D project;

(b) A written panel introducing the project and contextualising it in the conceptual
framework of the whole exhibition;

(c) The holographic showcase that was the main core of the experience;
(d) A smaller panel explaining what a holographic showcase is, its origins and potentialities

in museums, and finally the scientific competences required for its implementation.
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del Principe” in Genoa.

Most of the public entered the exhibition from the main entrance that led into the
larger room, so the holographic showcase was the last installation of the visit.

However, a parallel gallery extended outside, along the longitudinal axis of the two
rooms; this gallery led directly to the small room, offering the possibility of dividing the
public into two flows, approaching the exhibition from opposite directions. Therefore, the
Codex4D holographic showcase could be experienced at the beginning of the visit instead
of at the end. The gallery offered an easy exit to the Renaissance garden, as well, where the
public and exhibitors could take a rest.

1.5. The Holographic Showcase: Design of the Installation and Components

The holographic showcase is a mixed reality environment designed for museums,
and it was created in 2016 by the CNR ISPC team and has been experimented with since
then, in the context of the traveling exhibition of the CEMEC—Connecting European Early
Medieval Collections—European project [26]. It was conceived as a small theatre, provided
with lights, scenography, buttons, sensors, and software to manage multimedia events and
interaction.

The holographic effect on which our showcase is based is called a Pepper’s Ghost
projection [27]. It is derived from a theatrical technique that creates an optical illusion
of reality for the audience (Figure 3) by means of a semi-transparent and semi-reflective
surface placed between the audience and the stage. The actor/object is placed in a position
invisible to the audience, usually a room below the stage, but he/she/it is reflected on the
semi-reflective surface so that his/her/its image appears on the stage together with the
real playing actors. It is a mixed reality environment, born in the XIX century. In our case,
the theatrical mechanism is replicated with some differences, first of all the reduced size.
The actor is replaced by an image projected by a screen.

The components of the holographic showcase are a monitor or a projector; a semi-
reflective and semi-transparent inclined surface with an angle of 45◦; a background scenog-
raphy; and the entire hardware apparatus, consisting of a PC, sensors, an open-source
electronic prototyping platform called Arduino Genuino, and light spots.

The software was written specifically for the installation. Thanks to real-time rendering
techniques, special perspective studies, and the production of ad hoc videos, it was possible
not only to simulate an object floating in the air, but also to create a visual interaction
between the hologram and the reality.



Heritage 2023, 6 6041

Heritage 2023, 6, FOR PEER REVIEW  7 
 

 

surface placed between the audience and the stage. The actor/object is placed in a position 
invisible to the audience, usually a room below the stage, but he/she/it is reflected on the 
semi-reflective surface so that his/her/its image appears on the stage together with the real 
playing actors. It is a mixed reality environment, born in the XIX century. In our case, the 
theatrical mechanism is replicated with some differences, first of all the reduced size. The 
actor is replaced by an image projected by a screen. 

 
Figure 3. Pepper’s Ghost technique, from the theatre to the holographic showcase. 

The components of the holographic showcase are a monitor or a projector; a semi-
reflective and semi-transparent inclined surface with an angle of 45°; a background sce-
nography; and the entire hardware apparatus, consisting of a PC, sensors, an open-source 
electronic prototyping platform called Arduino Genuino, and light spots. 

The software was written specifically for the installation. Thanks to real-time render-
ing techniques, special perspective studies, and the production of ad hoc videos, it was 
possible not only to simulate an object floating in the air, but also to create a visual inter-
action between the hologram and the reality. 

The purpose of the holographic showcase is thus to evoke the sensory and narrative 
dimension of the museum object preserved inside [28] (Figure 4). 

 
Figure 4. The sensory dimension of the object has been recreated in the Codex4D holographic 
showcase. 

Figure 3. Pepper’s Ghost technique, from the theatre to the holographic showcase.

The purpose of the holographic showcase is thus to evoke the sensory and narrative
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The hologram is an illusion of reality and thus the contents are mostly 3D; they seem
to float in the empty space. The real and the digital co-exist in the same showcase. During
the CEMEC project, we experienced this installation in many European museums with
different audiences, collecting several hundreds of pieces of data about its usability and the
visitors’ reactions [29].

The extremely positive results of these experiences led us to re-use and adapt the
same format for manuscripts. Unfortunately, in this case it was not possible to include the
original object in the showcase, due to the fragility of its materials. However, a physical
scenography was created, to keep the effect of mixed reality. On the other hand, the
Codex4D holographic showcase has implemented for the first time a 4D model, never
seen before.

The holographic showcase can be adapted, in terms of dimensions and configuration,
according to the needs of each specific exhibition (number and dimension of objects hosted
inside the showcase), so its design is very flexible. On the occasion of the exhibition in
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Genoa, its measures were 2.10 m in height, 1 m in width, and 1.5 m in depth. The back was
open on the scenography that, in this case, was outside the showcase stage.

The scenography was composed of an inkpot, a printed replica of a medieval candle
holder, a paper sheet, a quill pen, a silver sphere (symbolising the technology), and a black
curtain (Figure 5). The visualisation frame was vertical, with a ratio of 9:16. The image
resolution, in pixels, was 1080 × 1920.
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Figure 5. Scenography in the Codex4D holographic showcase.

A totem was positioned in front of the showcase, 1 m away, and the user would stand
in front of it. The totem has some buttons, useful for starting the experience by selecting a
movie. A motion capture sensor allows the user to interact with the 4D models (see video
demo [30]). The Leap Motion sensor [31] was used to track the hand movements. The
buttons on the totem were equipped with two-colour LEDs programmed to give directions
and visual feedback during the experience.

The software to manage the audiovisual streams and the interaction was developed
with Vvvv [32], a visual programming platform known especially in the field of digital art.

1.6. User Experience Design, Content, Media, and Style of the Codex4D Holographic Showcase
1.6.1. Starting the Experience

The experience with the holographic showcase engages the user through an alternation
of passive and active phases. Passive phases consist of the enjoyment of pre-rendered
narrative movies regarding the manuscript; active phases require the user to interact using
his/her hand, in order to explore content.

At the beginning of the experience, a standby animation invites the user to use the
totem in front of him/her and push a button to start a piece of narrative content or to
select a pose. A pose is a static configuration of the manuscript open on a specific page.
The virtual manuscript, in fact, cannot be browsed page by page, in animation, because
the 3D model is the result of a photogrammetric acquisition and it would have been very
difficult (and costly) to enliven all the pages. For this reason, the user is required to select a
preferred pose from a menu.
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The user can also press the ‘help’ button to visualise some instructions useful to start
the experience (Figure 6).
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Figure 6. Left: instructions for how to interact with the installation; right: totem in front of the
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1.6.2. Narrative Style

The narrative movies adopt a theatrical style. As the holographic showcase is con-
ceived as a little theatre, a purely descriptive and didactic approach would not have been
appropriate. A small character, interpreted by an actress shot on a green screen, lives in the
manuscript; she knows places and people painted in the illuminations (Figure 7).
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Figure 7. The character shot on a green screen and then composed in the scene.

She has become part of that wonderful world, she is as little as the other illuminated
figures and she performs actions, moving and immersing in the thermal waters with the
other bathers and using a magnifying lens to explore every surface and sub-surface detail.
She can tell stories about her experience, about the meanings of the poem and of its figures,
and she encourages the visitor to explore under the surface, to discover an immense and
multidimensional world. While the female character is three-dimensional, since the actress
is real and she was shot on a virtual set, the graphic style of the virtual animations is 2.5D.
In the author wanted to create a stylistic connection between the bi-dimensionality of the
manuscript sheets and the tri-dimensionality of the holographic showcase. For instance,
the character is not allowed to walk autonomously along the depth axis, detaching herself
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from the world to which she belongs; to come closer to the user, in foreground, she needs
to use a means of transport, such as boarding on a floating sheet, or entering and paddling
inside a basin (Figure 8). Some examples can be found in the introductory movie to De
Balneis Puteolanis [33].
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Figure 8. The storyteller paddling in a basin to abandon the sheet and come closer to the user.

In the holographic showcase, we play with the research data, using an emotional and
poetic language and leading scientific communication towards new experiential scenarios
and styles. In doing so, we hope to arouse in visitors a sense of surprise and curiosity about
the manuscript, involving them in an engaging experience.

Each movie lasts about 1.5–2 min. In the first version of the holographic showcase
presented in Genoa, the movies following this style were:

1. The general introduction to De Balneis Puteolanis;
2. Introduction to sheets 9v-10r;
3. Introduction to sheets 12v-13r.

1.6.3. Exploring the Contents: Gesture-Based Interaction

After the storytelling, the user is invited to interact more actively with the contents of
the sheets, exploring the details and the annotations that are shown on the 4D model.

The interaction interface allows the user to select content directly using the movements
of his/her hand (either the right or the left one); no devices are required, such as a mouse,
joystick, or others. Hand movements are tracked by the Leap Motion sensor [31] and work
as inputs of digital events in the virtual scene. For instance, by moving the hand in the
air, horizontally and vertically, along the X and Y axes of the interactive space above the
motion capture sensor, it is possible to explore the manuscript using a magnifying lens to
observe every detail. Instead, moving the hand along the Z axis of the depth, it is possible
to explore the 3D model in its stratigraphy, starting from the RGB surface through three
progressive sub-surface IR layers.
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Using the hand in the same way, it is possible to select annotations, as the video demo
shows [30].

According to the author, this kind of natural interaction strengthens the sense of magic
evoked by the hologram, and therefore the visitors’ engagement.

1.6.4. Annotations

Annotations correspond to very specific information points on the model and they are
contextualised and visualised on the RGB or IR layers by means of small spheres, which
can be selected by the user moving his/her hand on each of them and staying still for two
seconds. Annotations can be related to the comprehension of written texts or iconographies,
to symbolic meanings, translations, structure, materials, the state of preservation, and
restorations. Thus, several disciplines are part of the same information system, such as art
history, literature, biology, chemistry, and physics.

Information provided by each annotation includes (Figure 9):

1. A title in the upper part of the frame, consisting of the research question to which the
following content tries to give an answer (for instance “is the sequence of the quires
the original one?”);

2. A short written text (about 70–80 words) following the title and occupying the up-
per part of the frame, scrolling automatically inside a mask (so that the text is not
visualised all together and does not seem too long to read);

3. An image, a drawing, a map, or a diagram in the lower part of the frame, pertinent to
the content of the annotation (for instance an iconographic comparison, the result of
an analysis, the distribution map of an element);

4. Two or three keywords related to the content of the annotation, written with a bigger
and pulsing font; they appear only if no images are present in the annotation, in the
lower part of the frame.
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Figure 9. Example of annotation in the holographic showcase.

We established a predefined duration of the annotation scrolling, approximately 30 s;
the user cannot stop or close it before the time has expired. At the end of the animation, the
model becomes interactive again and another annotation can be selected. This restriction
stemmed from the desire not to make the interaction too complex for the user, because it
would have been necessary to introduce another hand gesture to close the annotation at
will. Learning new gestures and performing them correctly is not always easy for users;
we wanted the natural interaction to remain challenging but as simple as possible.
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In any case, the user is never completely blocked: he/she can always push a button
on the totem to skip the content and start a new one.

In cc.9v-10r, we implemented eight annotations; six of them were on the RGB layer
and two on IR layers.

The same goes for cc.12v-13r; there were eight annotations, of which six were on the
RGB layer and two on the IR layers.

The complete experience and viewing of all the content implemented in this version
of the showcase takes approximately 30 min.

The showcase can be accessed by 3–4 people at a time, in a collective experience.
One person at a time can lead the system, interacting with it; however, alternation among
visitors is easy and immediate.

The system is designed in order to allow a simple change of role, for example from
observer to driver, but we needed to carry out an evaluation to have some evidence about
the quality of the user experience. This pilot study is described in the next paragraphs.

2. Materials, Data, and Methods for UX Evaluation
2.1. Analysing the Visitor Experience
2.1.1. Objectives and Research Questions

The presentation of the holographic showcase in Genoa is the first public result of the
Codex4D project and the first opportunity to collect data about the visitors’ experience of
the digital 4D manuscript in a mixed reality environment. For this reason, we decided to
carry out a pilot study during the festival. The objectives of this study are to:

• Understand the visitors’ informal learning patterns and meaning-making process;
• Understand the interactions among visitors in situ;
• Understand the interaction between the visitor and the interactive installation.

The three main research questions are:

1. Q1: What does the visitor remember after the experience and why did he/she visit
the exhibition?

2. Q2: What does the visitor say and do during the experience, on his/her own or along
with other visitors?

3. Q3. How can we improve the visitor experience?

• Q3.1: During the experience, is the visitor subject to any “pain points” [34]
(term used in user experience research and usability to express difficulties
during the interaction with the system)? If the visitor has any difficulties, how
can we improve the experience?

• Q3.2: During and after the experience, what does the visitor like/dislike? If
the visitor dislikes something, how can we improve the experience?

In previous projects carried out by CNR ISPC [26], the holographic showcase was used
to present other artefacts, for example an ancient Avar sword or silver byzantine objects,
but in 3D, without including the diagnostics imaging.

This is the first study regarding a showcase that allows visitors to explore a 4D model of
a manuscript, discovering different layers of the digital artefact, in RGB and three levels of IR.

2.1.2. Methodology

A specific mixed method approach for interactive media in situ was used, based on a
combination of grounded theory [35,36], digital ethnography [37], narrative inquiry [38],
and case studies [39].

This combination, as a new methodology for visitor studies in situ, can be summed up
as an ‘embodied constructivist GTM digital ethnography in situ’ [40]:

• Embodied: the researcher is in the immersive environment with the visitors, without
taking notes in front of them or recording a video or audio; the notes are written up
immediately after each visitor observation session; and the researcher is focused on
the observation;
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• Constructivist GTM: the researcher starts collecting observations and later triangulates
the observations with the narratives from the same participants; the research process
follows the constructivist GTM [35]; the researcher is aware of the potential bias in
the interpretation of the experience; the researcher takes into account diversity (age,
professions, gender, etc.) in his/her data collection and analysis; and applying the
constructivist GTM [35] also means to perform different levels of “coding”;

• Digital ethnography in situ: the researcher analyses a digital project in situ; this can be
considered a subfield of digital ethnography [37], and the holographic showcase is not
online but in situ, part of an exhibition in a historic house.

We compared this approach with other methods, tools, and results regarding digital
installations in museums [41] and, more specifically, holographic showcases made by CNR
ISPC [26,29]. We also integrated some of the tools available from the Interview Kit by
Designers Italia and the last version of “Manual of Design” for public administrations in
Italy [42,43].

As we described in the previous paragraphs, the system can be used by visitors playing
different roles during a collaborative experience. For this reason, we applied the results
from previous studies about visitor roles, exploring an interactive installation together [44].

Comparing all these previous studies, we designed a structured interview, a guide of
ethnographic observation in the field, in order to answer Q3.1 and Q3.2. The categorization
of visitors’ roles (driver, observer, navigator, helper, stopper, performer) has been integrated
into the method, as part of the guide for observation in the field. We will provide a
description of the roles in Section 3, “Results”.

We adopted the open interview method to answer Q1: we simply facilitated the
visitor’s storytelling, applying the narrative inquiry [38] method, and asking what visitors
remembered at the end of the visit, as we did in other previous studies about immersive
environments and augmented reality [45].

According to embodied constructivist GTM digital ethnography in situ [40], the
researcher in the field did not give any tasks to visitors. Specific tasks can be designed and
used in museums [41]; however, in the context of a festival, based on data from previous
events, we expected a very dense flow of visitors during the weekdays, already guided
by staff and/or teachers. For these reasons, we chose to observe actors without any direct
interaction with the visitors. When a direct interaction was required by the situation, the
researcher took on the role of a helper, but without giving pre-designed tasks.

Data collection will be described in the next paragraph.

2.1.3. Data Collection

We took into consideration the context (the historic house hosting the exhibition,
the exhibition design), the visitor path in the exhibition and the typology of event (an
exhibition included in a very popular science festival in Italy), the main targets of the
festival (school groups, families, researchers, professors, university students), the period
(two weeks, including weekdays and holidays), and the post-pandemic rules in place for
exhibitions and public events.

• Context and visitor path: the holographic showcase was at the end or at the beginning
of the visitor path in a smaller room, without windows, near another interactive
multimedia installation, as we described in the previous paragraphs. A maximum of
just 2 researchers/guides/customer services could be in the room, with a maximum
of 10 visitors, with two chairs and no other seats for visitors. A glass door connected
the room with the garden, which we identified as a possible space for interviews.

• Event, period, target: we expected visitors to arrive in school groups during the week,
for booked guided tours, while families, university students, professionals alone or in
a couple, etc., were expected on holidays and at weekends. We expected the visitors to
visit the exhibition as one of the events in the festival program and, for this reason, we
expected that they had limited time for each installation.
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Taking into consideration all these aspects, we collected the data in the following way:

1. Observation notes made in a notebook during the visit, later transcribing them in a
structured observation form;

2. Narratives from the same visitors, with the open interview;
3. Data from structured interviews, later transcribed into an online form.

We collected observations in the exhibition space and collected the structured and
open interviews in the garden, at the end of the visit and before that the visitors left
the exhibition.

We did not give any gifts to the participants; the gadgets were available for all visitors.
All participants agreed to be part of the study by their own free choice and informed written
and signed consent was collected for each visitor. Moreover, we informed all visitors that
the study was ongoing, with a text on the first panel, near one of the entrances to the room
where the showcase was located.

We combined the data collection on weekdays, holidays, and at weekends in order
to be able to listen to the point of views of all the different possible expected visitors.
We did not collect interviews with schools, because they had a very limited time to visit
the holographic showcase (around 15–20 min for each group, and some groups left the
showcase after 7–10 min) before visiting another exhibition or moving to another festival
event. The teachers had to book in advance for a specific slot during the week. We collected
observations about the school groups, including students and teachers, and structured
interviews. We held open interviews with all the other visitors, because they had the
freedom to decide how long to stay in the exhibition and had time to take part in our
research. All open interviews were conducted in the garden, offering to the visitors the
possibility of sitting on a bench to relax after the visit. It is very important to take into
consideration museum “fatigue” [46,47] and to have good acoustic conditions in which to
record the interview. All open interviews were recorded with the visitors’ explicit consent
and later transcribed. Only two students did not give consent to record the audio of the
interview; in this case, we took notes during and after the interview.

We used the observations to answer research questions 1, 2, and 3; we used the open
interviews to answer research questions 1 and 3 (time required: variable, based on personal
availability, from 4/5 min to one hour), and we used the structured interviews to answer
question 3 (time required: two minutes). However, all the data were triangulated for the
quality [48] of the research and in order to analyse emerging patterns; as our approach is
based on grounded theory, we left open the possibility of new questions, new categories,
and patterns emerging from the data.

2.1.4. Data Analysis

Coding means “categorizing segments of data with a short name that simultaneously
summarizes and accounts for each piece of data” [35]. Codes show how the researcher
selects, separates, and sorts data before beginning to analytically study them.

Open coding is “the analytical process in which concepts are identified and their
properties and dimensions discovered in the data” [36].

Glaser also talks about theoretical coding (1978) [49], initially based on 18 coding
families but later extended to include others (1998). Charmaz suggests using these codes
but without imposing a forced framework on the data: “They can help to interrogate
yourself about whether these theoretical codes interpret all the data” [35].

Following Charmaz’s approach, we analysed the qualitative data by coding them as:

• Comments and actions from the observations: we coded data in different steps; some
emerging patterns were summarized with charts, and others were summarized in
categories and relationships between categories, comparing them with previous stud-
ies (theoretical comparison);

• Themes emerging from narratives from open interviews: we coded the narratives in
different steps, from open coding to theoretical coding [35], comparing the emerging
categories with categories and models from previous studies;
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• Patterns: we compared all data from observations and from interviews, looking for patterns.

Later, we also compared them with the data collected from structured interviews. We
triangulated [48] some of the data already in the field, for example, by asking for confirmation
during the open interview about our interpretation of a specific behaviour observed.

For 21 visitors, we have all the data from all tools; for 46 visitors, we have data from
structured interviews and observations; and for the rest we only have observations. The
data also include two interviews with staff members (in the role of exhibition guides) as
special informants. In total, we took notes for 54 visitors; we focused our attention on
54 visitors. For school visits (large groups of 10–15 visitors, accompanied by teachers), we
focused our attention on 1–3 students but described all the interactions and comments
made by the group. The triangulation [48] was not only applied between sources, but
also for time (weekday/weekend/national holiday) and point of view (visitors, customer
service, project stakeholders).

3. Results

This section provides a concise and precise description of the results, their interpretation,
and the conclusions that can be drawn. The results are organized by research questions.

1. Q1: What does the visitor remember after the experience and why did he/she visit
the exhibition?

2. Q2: What does the visitor say and do during the experience, on his/her own or along
with other visitors?

3. Q3. How can we improve the visitor experience?

• Q3.1: During the experience, is the visitor subject to any “pain points” (term
used in user experience research and usability to express difficulties encountered
during the interaction)? If yes, how can we improve the experience?

• Q3.2: During and after the experience, what does the visitor like/dislike? If the
visitor dislikes something, how can we improve the experience?

3.1. Q1: What does the Visitor Remember after the Experience and Why Did They Visit the
Exhibition?

The majority of visitors during the week were students, teachers, and people in
retirement, and university students, families, groups of friends, couples, and single visitors
came during the weekend and holidays.

The researcher asked them what they remembered after the visit. We collected 23
audio narratives, ranging from 4 min to 1 h long, transcribed in text. We copied the text
into a table and coded them in different steps.

3.1.1. Learning

For the first coding, we divided the data in three main categories: informal learning,
motivation, and prior knowledge.

In the following step, we compared the first initial categories with GLO (Global learn-
ing outcomes), a solid standard recognized for British museums. GLO categorizes learning
in these “outcomes”: knowledge, understanding, inspiration/creativity/enjoyment, atti-
tude, values, skills, and behaviours [50–52].

Knowledge can be/refer to:

• Subject-specific (e.g., history, science);
• Between and across subjects;
• Specific artefacts, books, documents;
• Site-specific (history, geography, use of site);
• Locality, neighbourhood, region, country;
• Self, personal matters, others.

Skills can be/refer to:

• Subject-specific (mapping, estimating, painting);
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• Site-specific (how to use a library, archive, museum);
• Practical (craft-based, manipulative, bodily-kinesthetic);
• Transferable (working in teams, using a computer);
• Key (numeracy, literacy, communication, ICT);
• Critical and ethical thinking, social skills;
• Other cognitive skills, problem-solving skills;
• Emotional skills (managing anger, or powerful feelings).

Values, attitudes, feelings are about:

• Motivation (to learn more, become interested, feel confident);
• Oneself (positive personal identity, self-esteem, self-respect, confidence, independence);
• Sense of personal achievement, sense of self in the community and regarding others

(tolerance of difference);
• Museums, archives, libraries; about a subject.

Creativity, inspiration, enjoyment can refer to:

• Personal enrichment;
• Fun;
• Making new connections, lateral thinking, generation of new ideas or actions;
• Making and producing things;
• Invention;
• Experimentation.

Behaviour refers to:

• Doing more of something (reading, visiting an archive, learning);
• Doing something different (visiting a museum for the first time, going to college,

bringing others (family, friends));
• Working in teams;
• Employment, work placement.

In all the narratives, we were able to “code” a new learning outcome; for example,
when the visitor describes what they learned about the manuscript, citing precise content.
We provide six examples of quotations, one for each learning outcome:

• “I can see the map of colours here, as if they were in front of my eyes. I remember the red, the
mercury” (new knowledge, student in chemistry);

• “It is a completely new way of understanding the object, because I can see the details of
the images, the colours, they are not clear inside the library” (understanding, university
professor in biology);

• “Can I take this showcase home? I really like how the data are presented” (inspiration,
health operator);

• “I really like this new way of exploring the manuscript, it is interactive” (enjoyment, ancient
book curator);

• “My wife is not digital native, she does not use technology often, but she was able to explore
the content with her hand” (skill and behaviour, city council manager);

• “Latin is important for our culture” (value and attitude, engineer).

From all open interviews, one of the most relevant results was that all visitors learnt
something new, because we coded at least one new learning outcome in each interview,
including in the shortest ones.

As regards prior knowledge, visitors described in more depth, during the interview:

• Their job;
• Their subject of study;
• Their hobbies.

More data about prior knowledge were also collected from the structured interviews
and compared with the data from narratives: the level of knowledge about manuscripts
and about holograms and previous experience with 4D models.
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3.1.2. Motivation

The majority of visitors came to this exhibition because they wanted to visit the festival
and discovered the exhibition from the festival program; few of them started the festival
experience with this exhibition; some visitors came in off the street by chance; on the other
hand, some visitors came from other cities just to see this exhibition. One family came back
twice. A large number of visitors during the weekdays came as part of a school trip.

As regards motivation, after coding the data we categorized the visitors into six
categories. Those categories can also be considered six typologies of visitors.

1. Festival lovers: visitors from Genoa who came to the festival and chose the exhibition
from the festival program;

2. Focusing on cultural heritage: visitors who arrived from other cities because they
wanted to visit this exhibition;

3. “Flaneures”/strollers: visitors from Genoa and tourists who came in off the street by
chance or entered for other reasons (to see the historic house; to see other exhibitions, etc.);

4. Followers: visitors who came to the exhibition because another person planned the
visit for them (e.g., children with parents, students with teachers) or because another
person recommended it to them;

5. Exhibition lovers: visitors who came more than one time;
6. Experts in science communication: visitors working at the festival and who came

during their free time in order to compare content and tools from different exhibitions
at the festival.

For the next step, what patterns do we see if we compare the narratives with data from
structured interviews and observations? The triangulation is described in the next paragraph.

3.1.3. Triangulation

Comparing the GLO in the narratives from interviews with prior knowledge and
motivation, we can see five very clear patterns:

1. All the visitors remembered content linked to prior knowledge: new knowledge
was built on prior knowledge. They summarized new knowledge in their narrative,
but also enjoyment, inspiration, new understanding, and new skills regarding the
experience of exploring a digital manuscript with a 4D model using their hands in a
holographic showcase;

2. The majority of visitors had no prior experience of 4D models and holograms and
a basic knowledge or no knowledge about ancient manuscripts. The majority of
visitors, with basic/no prior knowledge about ancient manuscripts, were able to
cite content from annotations and video introductions; visitors with prior knowledge
about manuscripts expressed enjoyment and inspiration about the new way to explore
and understand a manuscript;

3. Hobbies can be completely different from the person’s profession (for example, a town
council manager very interested in history and in ancient books, an engineer very
interested in iconographies from Asia, an employee with a background in economics
who loves art, etc.);

4. Nobody came to the exhibition with the precise goal of seeing the holographic show-
case about a manuscript; it was a surprise and a new experience for all of them.
Nobody had explored a manuscript in this way before. For the majority of visitors,
this was the first experience with manuscripts, holograms, and 4D models. The
majority of visitors came from Genoa and from other cities in North Italy (Milan,
Turin, Cuneo, etc.).

5. Visitors’ professions (Figure 10), subjects of study, and also hobbies emerged as the
relevant aspects to take in consideration as a source for prior knowledge. We provide
three quotations from the data, as examples:

• “The showcase looks like a video game console” (an engineer with video games
as hobby);
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• “I love the smell of the paper, I love libraries, archives. . .I like this new way of exploring
a manuscript” (a city council manager with love for ancient books and a passion
for history and archives);

• “Those iconographies (e.g., the falling temples of Babylon) came from far” (engineer
with a strong interest in Asian cultures and holistic therapies).
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Figure 10. Demographic data from structured interviews: professions. The majority of visitors
were high school students and teachers during the weekdays. The variety of professions during the
weekend and holidays was higher.

3.2. Q2: What Does the Visitor Say and Do during the Experience, Alone or with Other Visitors?

Comparing the data in general from all three sources, other patterns emerged about
learning, but also interactions between visitors and interaction with the showcase from
comments and behaviours:

1. The strategy of offering guided tours to followers (students and children) and offering
an exploratory visit to the other types of visitors who came at the weekends and on
holiday was successful; the holographic showcase can be explored without a guide, if
visitors have time and are motivated to do it. Children needed mediation for some of
the content and the schools had a set time for the visit so the guide facilitated their
first approach to the holographic showcase and its content (Figure 11).

2. The visit was a social event: all visitors interacted with someone or said something
during the visit, but the quality of the audio in the room, from interviews and ob-
servations, was not good and visitors often did not hear some of the video content
correctly (Figure 12).

3. The majority of visitors did not use the “help” function, and visitors’ learning styles
to learn how to use the holographic showcase can be summarized in four categories,
confirming what emerged in previous research (self-learner, peer-helped, imitator,
guided; see theoretical comparison [53], Figure 13).

4. The majority of visitors smiled and/or were focused on the content (Figure 14). Some
of them explicitly expressed their appreciation of the experience, especially visitors
who learnt how to use the holographic showcase by themselves, in the “ahah moment”
when they discovered the annotations and explored them. The interpretation of non-
verbal communication, for example facial expression, is based on observation and
the subjective interpretation of the researchers and was triangulated with comments
made during the visit or interview. Visitors often smiled when they visualised specific
content which was more interesting and enjoyable for them in the annotations or the
video introductions. During group visits with teens, we observed some visitors also
laughing, as part of the social experience, for example when one or more of them
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played the role of a performer. The definition of this role is provided on the next page,
in point 8.

5. Only one visitor defined the experience as “immersive”, one visitor defined the
soundtrack as “cinematographic”, and we observed that visitors were very focused,
especially when they were alone or in a couple or in groups at the weekends.

6. In larger groups of more than three people, some visitors had difficulty properly
seeing the content and they were less engaged and not focused on the experience.
Some visitors were very tired when they arrived at the showcase, after a 1 h visit, and
their fatigue affected the experience.

7. Observing visitors’ non-verbal communication, the majority of visitors had a positive
experience. This also emerged from structured interviews, as engagement. The
majority of visitors wanted to recommend this experience to a friend and they also
wanted to learn more about manuscripts in the future (Figure 15). The chosen scale
from 1 to 10 is based on the NPS test, a standard to measure user’s satisfaction in
usability tests. In Figure 15, part a, we visualise all values in the standard scale, from
1 to 10. Nobody chose a value from 1 to 6 (there are no detractors) and this means that
the majority of visitors were satisfied with the experience.

8. Visitors played different roles during the visits. The roles were observed, driver,
navigator, helper, performer, and stopper.

9. Highly engaged visitors spent from 17 to 40 min observing/exploring from three to all
annotations (two cases), but there was no correlation with the role played; also, some
observers, who did not drive the system, smiled, made positive comments during the visit,
and wanted to know more about the manuscripts and to suggest this experience to friends.
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Figure 11. This is a figure from ethnographic observations: (a) the showcase was used by groups and by
single visitors; (b) type of visit: guided visits were offered to schools and families, and for other groups
and individual visitors we proposed the exploratory visit (33%), with or without a short introduction.
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(b) the majority of visitors made comments during the visit, 75%.
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Figure 14. Facial expressions: (a) the researcher was able to recognize a facial expression; (b) interpreta-
tion of non-verbal communication (facial expression) by the researcher (ethnographic observation). The
majority of visitors smiled or were very focused. Note: some visitors changed expressions during the
visit, e.g., from very focused to smiling, etc.
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Figure 15. Engagement: (a) the majority of visitors (62%) would recommend the experience (value
from 8 to 10, chosen by 37 participants) to a friend; (b) they would like (89%) to learn more
about manuscripts.

Regarding the different roles, we found a confirmation of what Schettino (2014) [44]
observed in previous studies about the immersive environment PLACE-Hampi, providing
the following description of the different roles:

• The driver is the person who chose to operate the platform;
• The driver can be an explorer: someone who tried to use the platform without any

help and who learnt by observing previous visitors, by making mistakes or by being
helped, or someone who asked for or received help from other visitors or the museum
staff. The driver can also be an observer, taking over from previous drivers;

• The observer is the person who chose not to operate the platform but to observe
the panoramas chosen by the driver. The observer can be someone walking around,
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standing still or sitting on the floor. The observer can be a previous driver who gave
other people a turn at operating the platform;

• The navigator is the person who chose not to drive the platform directly but was on
the platform, in some cases sometimes close to the driver, and who chose to give the
driver suggestions about what content to explore and how to operate the platform.
This person actively negotiated with the other visitors as to which panoramas to go to,
sometimes just using words and sometimes also pointing to specific panoramas;

• The helper is the person who helped visitors to drive the platform. Helpers were either
visitors or members of the museum staff. A helper could be a person in a group (like
a mother helping a child) or a visitor helping people in other groups (for example,
someone who had already driven the platform and who explained the mechanism to
someone in another group). The behaviour of the helpers was completely spontaneous.
When the helpers were members of the museum staff, they either decided of their own
volition to help or were asked for help, so their actions were based on an evaluation of
what was happening in the space or after speaking with visitors;

• The stopper is the person who asked visitors to stop using the platform/showcase/interactive
installation; for example, a small child started crying/complaining and the mother decided
to leave the space, visitors who came in as a couple and one of them asked the other to move
on to the other rooms;

• The performer is the person who chose to take an active role, “playing” with the
projections/showcase/etc., using the installation in a new and unexpected way. They
could create a kind of “performance” inside the experience, inspired by the content
of the installation. These performances often made other visitors smile or laugh. As
regards performers, we described in our notes two very unexpected behaviours:

(a) Students from high schools engaged with the Latin and they “challenged” each
other to translate parts of the text not translated;

(b) Some young visitors played the role of performer, imitating the gesture of a
magician in a very popular TV series on Netflix.

The performer role was observed during school visits and confirmed in two interviews
with guides (triangulation of sources).

3.3. Q3. How Can We Improve the Visitor Experience?

• Q3.1: During the experience, is the visitor subject to any “pain points” (term used in
user experience research and usability to express difficulties during the interaction
with showcases) during the experience? If the visitor says yes, how can we improve
the experience?

Visitors who drive the experience learnt a new skill: how to use their hand to explore
the digital manuscripts. From observations, visitors had some difficulties at the beginning,
especially in finding the right point in the space in order to move from the surface to the
other layers (IR); they needed to make some mistakes, but nobody left the showcase without
having the opportunity to see the content. Moreover, from observations and open and
structured interviews, the majority classified this interaction model as “easy”. From open
interviews, we collected more comments about the hand interactions, triangulated with
observation notes about the experience of the same visitor. Triangulating with what the
festival staff members said during their interview, students commented that they preferred
this interaction model, which was more challenging but more engaging. They, and also
some adult visitors, also in retirement, commented that this interaction model was similar
to some video games (Figure 16).
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Figure 16. Triangulation between the structured interviews and observations: (a) for the majority of
visitors, the interaction model, based on hand movements and the sensor recognizing the movements,
was easy to use; (b) this was also confirmed by observations, but some visitors had some problems
which are described in the notes and summarized in Table 1.

Table 1. The three most mentioned pain points, from observations and open interviews.

PP1 PP2 PP3

Exploration of levels (from RGB to IR and from
IR to RGB)

Possibility of not seeing the images properly
for visitors under 1 m 50

Poor acoustic quality and difficulty following
the stories

Visitors had problems finding the invisible
limits and checking the interaction points in
RGB because they involuntarily moved their
body and the level changed from RGB to IR

Limits on vision for children, young adults,
and people in wheelchairs

Acoustic limits when the space
was crowded
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Visitors cannot control the text animation and scroll the annotation; they need to wait
until the end of the animation before moving to another and, moreover, if by mistake they
choose the same twice, they need to wait again; if they choose an annotation that does not
interest them, they have to see it and they cannot stop or skip it. However, only one visitor
(a user experience researcher at a university) clearly commented during the observation
that she was interested in one specific annotation but she had to wait until the end of the
text presentation before being able to choose another annotation. This pattern emerged by
comparing observations and open interviews not only with visitors but also with festival
staff members (Figure 16).

• Q3.2: During and after the experience, what does the visitor like/dislike? If the visitor
dislikes something, how can we improve the experience?

During the interviews, visitors were asked to say what they liked or disliked.
Some visitors did not find anything they did not like and added more information on what

they really liked. In general, visitors liked the experience, comparing observations and what
they said during the interview, and also the data about engagement from structured interviews.

From the interviews, some of the most often mentioned and appreciated content was
the possibility of seeing the changes in the drawing and the detail of the sea animal deleted
by the artist with red colour, the transcription and translation from Latin, the colours, and
the maps of colours.

In general, visitors liked the experience of “traveling” through the book, “touching”
an ancient book, exploring the illuminations with a zoom and seeing details, the possibility
of seeing under the surface, the historical video introduction by a fictional character and, in
general, the experience of understanding a complex, fragile, beautiful and precious object
in more depth.

Some visitors found the video introductions too long, but they expressed this only in
the open interview; in the structured interview, the majority of visitors said that the video
introduction was the right length for them.

Visitors who chose the exploratory visit watched the video introduction and at least
one of the other two videos.

From observations, the visit lasted from 4 to 40 min and the majority of visitors saw
between three and six annotations. A few visitors came alone in their lunch break or at the
weekend, exploring more than six annotations; one visitor saw all annotations and videos
on one Saturday morning.

From observations and interviews, visitors felt more comfortable exploring all content
if there were no other visitors in the room and they choose weekends to avoid the school
guided tours.

Children had difficulties because of the size of the showcase; they could not see all the
content but, at the same time, they were very curious, attracted by the storytelling and the
character in the video introductions, comparing what we observed directly and what the
guide, used as a special informant, told us in their interview (Table 1).

• Q3.3: If the visitor dislikes something, how can we improve the experience?

The main goal of the evaluation is to improve the design. Some of the improvements
are contextual: if the showcase is not in an exhibition with other interactive displays and
at the end of the path, not during a festival for few weeks, but in museum or library for
a temporary exhibition, visitors can have more time to just explore the showcase and its
content. Some other improvements are in the area of content design, interaction design,
and interface design.

• Interaction design: visitors had difficulties finding the limits for the interaction area
with their hands; we have to find a way to make the design easier and accessible for
all visitors, reducing the pain points. For example, we can improve the interaction
design and the interface; visitors need a visual support in order to understand the
invisible limits of the interaction area and have better control over the transition from
RGB to IR.
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• Content design: there were no specific critical pain points with the images and text,
only that a couple of graphs of the chemical analysis could be re-designed to be less
complex, highlighting the relevant part with colours. We could also make it easier for
visitors to recognize a category of content (for example, if the content is in the biology
or art history domain) and to recognize if they have already visited a specific point.
The help button was not used, but we need more data in different contents before
removing it. We want to try to provide video help, not only an image.

• Sound: some visitors complained in the interviews about the poor quality of the sound
in the room; they were not able to follow the storytelling when the exhibition space was
full of visitors. In a library, we can improve it, providing headphones. Unfortunately,
this will affect the interactions between visitors. In the library space, we will need to
test how the experience will change, reducing the possibility for people to interact and
make comments.

• Showcase design and interface design: we also need to find a way to make it easier
for children and their parents to enjoy the experience together, without the parents
having to pick up their children because they cannot see all the content properly.
Some solutions will be studied for the next exhibitions, in museums and libraries,
for instance by creating some steps or a platform, or using high stools, taking into
consideration safety issues.

4. Discussion

We here discuss the results and how we can interpret them from the point of view of
previous studies.

We have to point out that this is a pilot study, and this is the first study about the use
of a 4D model in a holographic showcase to present an ancient manuscript. There have
been previous studies about holographic showcases, but they did not present this type of
artefact, and there have been previous studies about 3D models, but not about 4D models,
combining data and visualization data from different diagnostic methodologies.

We can compare our results with previous studies about interactive and immersive
media in situ and with previous studies about holographic showcases.

4.1. Comparison with Previous Studies
4.1.1. Comparison with Previous Studies about Immersive and Interactive Environments
“In Situ”

In previous studies about visitors’ behaviours in immersive interactive media in
museums, it has been found that:

• The visitors played almost the same roles observed in our previous studies [44]; we
can say, from theoretical comparison, that those roles can be applied in more studies if
the technology is used in order to design a space where the visitors can comment and
interact among themselves;

• In this study, we observed four learning styles [53]: it was confirmed that some visitors
prefer to be guided, and some visitors prefer to explore by themselves and enjoy the
“ah ah moment” when they discover and understand the interaction model;

• The study also confirmed what emerged about engagement in Pietroni, Pagano, Poli
(2016) [54]: the observer and driver can be both very engaged by the experience and
usually, but not always, there is an exchange of roles during the visits;

• In this study, the role of navigator emerged only in groups, families or friends, and
the role of performers only during school visits. In previous studies [44], navigators
and performers were also observed between visitors who met for the first time at the
museum and who did not arrive together.
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4.1.2. Comparison with Previous Studies about Showcases

In previous studies about visitors’ experiences with holographic showcases [26,29],
we observed some common patterns; for example:

• Museum fatigue can affect the showcase experience, when visitors have to stand and
they cannot sit down and relax during the storytelling;

• Children are attracted to the interactive and storytelling part, but the shape of the
showcase is an obstacle as they cannot see the visual content properly.

4.1.3. Comparison with Previous Studies about Learning

“Prior knowledge exists not only at the level of concepts, but also at the levels of
perception, focus of attention, procedural skills, modes of reasoning, and beliefs about
knowledge” [55]. Our pilot study confirms what emerged from some previous studies in
museums and galleries about GLO and prior knowledge; however, prior knowledge is
not always built through people’s professions. Hobbies can be relevant for the visitors’
interpretation, learning, and making meaning processes. In other studies (Schettino and
Kenderdine, 2011) [45], visitors often mentioned their prior experience about India, Indian
culture, and Hinduism from travels, previous exhibitions, family history, religious beliefs,
etc. The personal memories of an historic house (Villa Ciani, Lugano) were the prior
knowledge cited by local visitors at the Villa Ciani 3D experience [56].

4.2. Future Research

We will analyse the showcase in a different context, for example as part of an exhibition
in a museum or library. The context of the Science Festival meant there was a very large
flow of schools on weekdays and they had a very limited time, in large groups, to interact
with the showcase. Not all students had the opportunity to drive the platform and observe
carefully from the right perspective. We will improve the design and we will analyse the
impact of the new design, comparing the future results with the results from this first
pilot study.

5. Conclusions

This is the first paper about visitor experiences of a 4D model of ancient manuscripts.
These objects can usually be seen only in libraries or in the context of exhibitions where
they are closed and protected inside a showcase, without any possibility for the visitors
to explore or interact with contents. A holographic showcase was created to present
content related to a very precious manuscript, Ms 1474 De Balneis Puteolanis from the
mid-13th century, preserved at the Angelica Library in Rome, in innovative ways. The
holographic showcase is a mixed reality environment, conceived to create a sensory and
emotional experience of the cultural object, implementing dramatic narration and gesture-
based interaction. Many aspects of the codex have been represented with the 4D virtual
model: shape, structure, surface and stratigraphies, images, texts, stories, meanings, style,
materials, techniques, and state of preservation. They converge into an integrated model of
knowledge. The visitors alternated between phases of passive fruition, when they enjoyed
the narrative development of the stories, and active fruition, when they were invited to
interact, through mid-air hand movements, with the virtual model.

Thanks to the holographic interactive showcase, visitors had the possibility to explore
the different layers of the 4D model: the surface with the illuminations, but also the images
captured via the thermal camera.

The showcase was presented for the first time to the public in the context of the Science
Festival in Genoa (Italy), in October 2022, which was an opportunity to evaluate the impact
of this installation and the user experience. School groups with teachers and retired people
came during weekdays, and university students, families, and other visitors during the
weekends and on holidays.

A specific methodology was used, based on a combination of grounded theory [35,36],
digital ethnography [37], narrative inquiry [38], and case studies [39].
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This combination can be summed up as an ‘embodied constructivist GTM digital
ethnography in situ’.

During the theoretical coding, we applied the GLO, the global learning outcomes, as
categories in order to analyse visitors’ informal learning patterns. One of the key findings
was that all visitors learnt something; coding the data and triangulating data, we can
see new skills, knowledge, understanding, inspiration, enjoyment, attitudes, values, and
behaviours.

The multidisciplinary approach has proved to be very successful: users with different
ages, professions, fields of study, and levels of knowledge about manuscripts can find
content interesting for them and they can connect them to their previous knowledge
and experiences.

The majority of visitors enjoyed the experience: this clearly emerged when triangulat-
ing data from observations and open and structured interviews. The majority of visitors
were highly focused, smiled during the experience and were highly engaged.

Nobody had explored a manuscript in this way before. After the visit, the majority of
visitors wanted to recommend this experience to a friend and they also wanted to learn
more about manuscripts in the future.

We observed a confirmation of patterns from previous studies about interactive instal-
lations; visitors can play different roles, as observer and driver [54], but also as navigator,
helper, stopper, and performer [44].

Regarding “performer”, some young visitors, in school groups, played the role of a
magician, imitating a character from a Netflix series; the experience can stimulate visitors’
imagination and also allow playful interaction. Some school groups played “a challenge”
between them, translating the text from Latin: this was very unexpected behaviour.

Visitors who drove the experience learnt a new skill: how to use their hand to explore
the digital manuscripts. Observations showed that visitors had some difficulties at the
beginning, especially in finding the right point in the space in order to move from the
surface to the other layers (IR), and they needed to learn by trial and error, but nobody left
the showcase without having the opportunity to see the content.

From the data, we know what visitors liked and what they did not like and what
the pain points were, but also what visitors especially liked. In general, visitors liked the
experience of “traveling” through the book, “touching” a precious book, exploring the
illuminations with a magnifying lens, and the possibility of seeing under the surface.

Visitors need visual support in order to better understand the invisible limits of the
interaction area and gain better control of the transition from RGB to IR. We have to design
a more accessible interface for children and for visitors in wheelchairs (for example, adding
an element to the showcase, etc.).

The evaluation is part of the design process; we will use what we have learnt as
designers from this experience to improve the showcase, the interface, the interaction
model, and some content in future exhibitions.
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