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ABSTRACT

This paper reports the results of a research, aimed to evaluate the ability of a haptic interface to improve the
user experience with virtual museum systems. In particular, two user studies have been carried out in order
to: (1) determine similarities between visual and tactile experiences during manipulation of a 3D printed
replica of an artefact with a pen like stylus and of a 3D reconstructed artefact using the considered haptic
application and (2) compare the user’s perceived usability and user experience during the interaction with the
haptic application interface, both gamified and not gamified, and with a mouse-based interface, based on the
SUS scale and the AttrakDiff2 questionnaire. A total of 65 people were involved. The considered haptic
application is based on the haptic device Omega 6 produced by Force Dimension and it is a permanent
attraction of the “Museo Archeologico Nazionale delle Marche”. Results suggest that the proposed haptic
interface is suitable for use by people familiar with mouse-based computer interaction, but without previous
experience with haptic systems, and provide some insights useful to better understand the role of haptic
feedback and gamification in enhancing user experience with Virtual Museums (VM), and to guide the
development of other similar applications in the future.
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1 Introduction

Before the middle of the nineteenth century, the central feature that characterized the visit of the first
museums was the possibility to touch and handle the exhibited archeological finds [1]. However, over time,
increasingly stringent measures have been introduced to limit the physical interaction with objects within the
museum, in order to ensure their preservation for future generations [2]. Nowadays, only in extreme cases,
visitors are allowed to touch the exhibits [3]. Nevertheless, in recent years, the multisensory aspect of the
museum, although neglected for many years, is undergoing a rebirth, which is leading to an increasing
emphasis on widening access to museum collections, also for people visually impaired [4]. Moreover, several
studies have shown that allowing visitors to touch the exhibits is very important for educational purposes [5],
[6]. To re-establish this great component of museum pedagogy, museum curators are therefore called upon
to reconcile the need to allow interaction by touch, with the need to protect the artworks.

To achieve this goal, two possible solutions are currently available: the construction of 3D printing replicas
or the use of haptic devices. For visitors, the first solution would certainly be more satisfactory than the
second one, although some problems regarding the rendering of physical properties and authenticity still need
to be addressed [7], [8]. In fact, the quantity and quality of the tactile sensations provided by the contact
between the fingers and the 3D replica is much richer than those that can be experienced using a haptic
device, which allows to reproduce a single point contact with the surface [9]. Moreover, cutaneous feedback
is very limited in most haptic devices as they stimulate the sense of touch by applying force feedback and
movement [10].



However, the use of 3D printed replicas has considerable practical limitations: building replicas of an entire
exhibition would be extremely expensive and would require the availability of large exhibition spaces, which
most museums actually do not have. In particular, the lack of adequate exhibition space represents a problem
that many Italian museums, especially archaeological museums, have always had to face [11]. To overcome
the problem of inaccessibility of artefacts, many museum institutions have begun to equip themselves with
virtual museum systems [12]. The use of haptic feedback technology can be then considered as a good
compromise in this case: it allows augmenting with tactile information an entire digital library of all the
artworks stored in the museum, including those that are normally left in storerooms, because of the lack of
adequate exhibition space. However, the main goal should not only to reproduce the haptic feedback but also
to increase the engagement, in order to motivate the users to explore the digital archive. To this end, as
observed in Hong et al. [13], the use of gamified interfaces can be a reliable solution to better convey
meaningful experience to very young audiences (i.e., school students), who represent today the main visitors
of Italian archaeological museums [14], [15]. The conveyed experience should concern not only the purely
cultural or historical sphere, but also the peculiarities and attractive elements proper of archaeology (i.g., the
act of discovery, excavation, digging). For example, to bring the visitor closer to the main act of archaeology,
it is possible to use an haptic interface to simulate the explorer's act of finding an archaeological treasure.
Therefore, the key question that needs to be addressed before considering the introduction of haptic tools in
a museum is whether the addition of haptic feedback and gamification to the virtual museum experience are
worthwhile.

2 Research Aim

This paper aims to evaluate the ability of a haptic instrument based on force feedback to faithfully reproduce
the tactile sensation with the real object, and to investigate the role of haptic feedback and gamification in
enhancing User eXperience (UX), during the interaction with VR digital representations of archaeological
finds. To this end, two studies have been carried out in order to:

e Determine similarities between visual and tactile experiences during manipulation of a 3D printed replica
of an artefact with a pen like stylus and of a 3D reconstructed artefact using a haptic interface.

e Compare the user’s perceived usability and UX during the interaction with a haptic interface, both
gamified and not gamified, and with a mouse-based interface.

A particular haptic application has been considered, which is a permanent attraction of the “Museo
Archeologico Nazionale delle Marche”. It is based on a haptic device with six degrees of freedom: the Omega
6 produced by Force Dimension. Several performance metrics have been considered derived from the field
of usability and UX.

3 Research Background

3.1 Haptic Technology

Interaction with the virtual environment is one of the biggest challenges to be faced when building an
application that includes several virtual technologies. In addition to visualization technologies, interaction
can be rendered through X-Reality technologies that stimulate different sensory channels, providing different
levels of immersion. Classic tools such as mouse and touch systems [16], [17], allow to interact with the
virtual environment, but do not provide the sensation, which allows us to say "I touched an object!", like
haptic devices (HD).

Haptic devices are tools that simulate the sense of touch in a virtual environment. In particular, they apply a
force or vibration to the user, who in this way gets a tactile sensation when he or she virtually comes into
contact with a virtual object [18]. Often, the virtual object is a polygonal mesh with a texture [19], [20], which
can be manipulated and explored. Being electromechanical devices with manipulators, they allow movement
in different degrees of freedom (DoF) depending on what is implemented in the tool. Combined with



visualization technologies they create a virtual environment characterized by a high degree of immersion and
interaction. Precisely the high degree of interaction and haptic feedback that the operator can obtain thanks
to HD, is one of the strengths of this technology, as demonstrated by recent studies [21], [22].

Their main use can be found in the medical field, for the training of doctors for operating practices [23], or
in the industrial field for the simulation of operations performed with the help of anthropomorphic robots and
for personnel training [24].

3.2 Haptics in Museums

Within the world of cultural heritage, many people have long argued that the application of HD can lead to
improvements from different points of view [18], [25], [26], [27]. In fact, visual perception alone lacks a lot
of important information, which can provide tactile enjoyment, such as weight, roughness, etc. [10]. There
are many advantages that could result from this. Just think of the breaking down of barriers for visitors with
visual difficulties, the quantity of artefacts that could be made available to a very wide audience, or
overcoming one of the main barriers of a museum: being able to touch and interact actively with a work of
art, which has been denied until now [18], [20], [28].

Therefore, it is of fundamental importance to carry out research to understand whether the sense of touch,
and therefore the use of haptic devices, can actually lead to an improvement in the enjoyment of the exhibits.
As stated in Asano et al. [29], there is no study that analyzes the applications already developed in tactile
museums, where real and virtual coexist, involving visitors to test their perception. This lack is also due to
the scarcity of large-scale applications, which are usually not realized, to focus more on very specialized
situations [10]. In this regard, there are studies and applications that implement visualization and haptic
technologies such as the Museum of Pure Form [30], [31] or the application in the Gold Museum in Bogota
[32]. Others that mainly aim at breaking down the barrier between the visitor and the work of art, such as the
application called "The interactive Art Museum™ of the University of Southern California [33], or the 2D
mouse implemented by the University of Glasgow [33], and finally "the Probos™ Console Touch & Discover
Systems™ developed by the Manchester Museum [34].

However, very few studies (e.g., [4], [28], [43]) analyze haptic devices and their relationship with the visitor.
No study compared them with other virtual technologies that allows users to navigate and manipulate virtual
reproduction of cultural heritage artefacts.

3.3 Gamification in Museum

Gamification is a communication tool to engage, attract and at the same time convey information to visitors
[35], [36], [37]. Thanks to applications implementing gamification elements, it has been possible to attract a
younger audience by giving them a motivation to return to the museum [38]. For these reasons there are many
gamification applications implemented in museums [35], [36], [39], [40], [41].

As Dopker et al. say, "Gamification™ describes the integration of traditional game elements into a non-game
context - such as the virtual museum [35], so it is very important to try to keep the parallel between real and
game. In the literature there are several examples where games are implemented that recall real gestures and
procedures to realise the artefacts. Of particular interest is "Cycladic Sculpture Application", in which visitors
are invited to try their hand at making a Cycladic figurine in which visitors are invited to try their hand at
making Cycladic figurines, through a sort of Nonogram type puzzle game [42].

4 Materials and Methods

4.1 Experimental Design

Two studies have been carried out: a comparative and a parallel user testing. The first inspection method is
aimed to compare the overall UX when handling a 3D printed replica of an archeological artifact using a pen
like stylus and the 3D reconstructed artifact using VR and haptic feedback. It involved a single user group
and each participant experimented in two consecutive sessions both the interaction with a 3D printed



reconstruction by using a stylus pencil with a 1.45 mm fine point tip, and with the VR digital reproduction
by using the haptic interface.

The second study is aimed to compare, in terms of usability and UX, the quality perceived by users during
the exploration of virtual finds with the haptic interface and with a traditional mouse-based desktop interface.
Moreover, it aims to compare the quality of the experience perceived by users during the sculpture game with
that experienced during the simple exploration of virtual replicas. The second experiment consists of a
parallel user study. Participants were randomly assigned to three groups A, B and C. A specific interface was
presented to each group: the traditional mouse-based desktop interface to group A, the haptic interface to
group B, the haptic gamified interface to group C.

4.2 Development of Application
Three VM applications have been developed:

e A "classic" 3D rendering application in which navigation and interaction with models are obtained by
using a mouse. In particular, such an application allows the user to: (1) rotate, (2) pan and (3) zoom the
digital object, respectively by: (1) clicking and dragging the left mouse button, (2) by holding the mouse
wheel and dragging and (3) by rolling the mouse wheel (Figure 1).

e An haptic VM application with the possibility to interact with models and virtual space through a haptic
device with six degrees of freedom: the Omega 6 produced by Force Dimension. When the user grabs
the end effector, as if it is a pen, a small sphere that represents the virtual cursor with which the user can
navigate, is displayed on the screen. This cursor, similarly to the mouse pointers, allows the user to have
a controllable reference point to navigate and interact with the digital environment (Figure 2). Once the
cursor comes into contact with the virtual representation of a historical find, so with one of the rendered
models, the Omega 6 returns a force feedback to the user who is holding the pen through the mechanical
actuators of the device, thus simulating the “collision" of the pen with the surface of the virtual object
and the resistance that the virtual material itself opposes, based on the action-reaction principle. Another
feature of the Omega 6 is the possibility to grasp the virtual object through a special button at the base
of the end effector: keeping it pressed, it is possible in fact to move the object inside the virtual scene
and at the same time to simulate its weight, by means of a force proportional, approximately, to the mass
of the real object, applied downwards.

e A Gamification sculpturing application that implements a sort of Nonogram type puzzle game. Acting
on the Omega 6 end effector, it is possible to sculpt a block of stone that hides an object inside it. Once
the find is discovered, you can interact with it as well as in the navigation version using a haptic device.
The choice of the Nonogram puzzle is motivated by the fact that the artifacts in the application are objects
that derive from sculpturing processes and therefore this game is the most suitable to arouse curiosity
and discovery motivation.

All the applications allow to visualize and navigate digital reproductions of three archaeological finds,
preserved at the “Museo Archeologico Nazionale delle Marche” in Ancona: the Venus of Frasassi (“Venere
di Frasassi”), the Augusto Capite Velato and the Pyx (“Pisside”) (Figure 3). For each of these finds, a digital
model has been created using a Konica Minolta Range 7 laser scanner in combination with photogrammetric
techniques, according to the procedure described by [44]. The models are displayed and navigated through
the same graphic visualization software. A 50” screen was placed in front of the haptic device (or mouse) to
allow the visitor to observe the artifact while she or he’s virtually interacting with it.



Figure 1: The "classic'" 3D rendering application

Figure 2: The proposed haptic interface, based on the Omega 6 produced by Force Dimension.



Figure 3: The considered archaeological finds virtual replicas (on the left). An example of gamified interface (on
the right).

Through the X3D markup language (based on the XML language and developed by the Web 3D Consortium)
it was possible to parameterize the physical characteristics of the rendered models and their surfaces, such as
static and dynamic friction, rigidity, magnetic attraction and so on. Magnetic attraction in particular is a
feature that has made it possible to simulate the force of gravity (simplifying it as a magnetic force coming
from below and activated only when the user grasps the virtual object), not present among the default features
that can be set.

To develop the applications, the open source platform H3DAPI was used, which provides APIs to program
the haptic characteristics of the rendered models and simultaneously take care of the graphic component,
making primarily use of the X3D and OpenGL standards. The strength of the H3DAPI platform is the ability
to integrate scripting languages such as Python, to introduce the possibility to operate with flow control
structures, such as conditional statements (if then else).

The use of Python in particular, has been fundamental in order to implement the Gamification application.
Another strong point of H3DAPI is the possibility to interact with the most common Operating Systems and
with a wide range of haptic devices available on the market.

H3DAPI also provides a 3D and haptic rendering software called H3DViewer, defined by the developers
themselves as an "X3D browser" [45] and that has been used to start and run the source code of all the
developed applications.

A 3D printed copy of the Venus of Frasassi (Figure 4) has been realized with a 3D printer “3D Fortus 250mc”
of Stratasys starting from a digital model. The original of this archaeological find, which has the stylistic
characteristics typical of the female statues of the Upper Paleolithic, is currently preserved in the “Museo
Archeologico Nazionale delle Marche”.



Figure 4: The 3D printed replicas of the Venus of Frasassi (on the left). The VR model without textures (on the
right).

4.3 Experimental Procedure

Tests have been carried out in the Virtual Reality Lab of the Univerista Politecnica delle Marche. The
participants to the experiment received informed consent previous to accessing the lab.

In the first study, participants were trained at first on how to interact with the physical object using the stylus.
Then, participants were presented with the haptic VM application, and they were trained on how to navigate
the virtual reconstructed model using the haptic interface. Afterward, participants were left free to interact
both with the 3D printed object and with the digital model, visualized without textures on a pc monitor, to
gather information about the artifact using sight and touch. During both the interaction with physical and
virtual models, participants were asked to concentrate their attention on the physical properties of the artifacts
surface (i.e, texture, stiffness and friction). Finally, participants were asked to rate the similarity between the
experience (visual and haptics) with the physical reproduction and its digital representation on a 7 point Likert
scale from strongly agree (perfectly matching the experience with the real artifact) to strongly disagree.

In the second study, first of all, participants of group A, B and C have been respectively trained on how to
use the VM “classic”, the VM haptic and the gamified VM applications. Then the experiment starts and they
were asked to use the proposed interface to freely explore (or play with) digital reproduction of the
archeological finds, currently preserved in the “Museo Archeologico Nazionale delle Marche” (i.e., the
Augusto Capite Velato, the Pisside and the Venus of Frasassi), without any time limit. The total time spent
by each participant interacting with the device was recorded and used as a measure of users’ engagement
with the proposed interaction devices. Then they were asked to answer two questionnaires: the Software
Usability Scale (SUS) questionnaire and the AttrakDiff2 questionnaire. The SUS questionnaire consists of
10 items that are answered using a 5-point Likert scale ranging from “strongly agree” to “strongly disagree.
Itis areliable and widely valid measure of overall perceived usability [46]. It was chosen because it is widely
applied, it allows for a comparison with existing results and products [47], and it is particularly relevant for
comparing two versions of an application that are based on different technologies [48]. The AttrakDiff2
questionnaire consists of 28 7-point items with bipolar verbal anchors (i.e., semantic differential). The seven
response options for AttrakDiff2 range from -3 to +3, with 0 at the center of the scale. It allows to determine
“pragmatic quality” (PQ), “hedonic quality (stimulation)” (HQ-S), “hedonic quality (identity)” (HQ-I) and
“attractiveness” (ATT) of the UX provided by the considered interaction devices. It had been chosen because
it demonstrates a high reliability and internal consistency in several studies (e.g., [49], [50]). Also, free user
comments have been registered.



4.4 Participant

Participants have been recruited among students of the Carlo Rinaldini High school of Ancona and
undergraduate students of Building Engineering-Architecture of the Universita Politecnica delle Marche. All
the participants were involved in the experiments only on a voluntary basis. They were all familiar with the
mouse-based pc interaction, but they did not have any previous experience with haptic devices. A total of 20
subjects (9 females and 11 males, aged between 16 and 24, mean age 18) were involved in the comparative
experiment. A total of 45 subjects (24 males and 21 females, aged between 16 and 23, mean age 19) were
recruited and separated in three age and sex matching groups (A, B, C), for the parallel user study.

5 Results and Discussion

The graph in Figure 5 reports the results of the comparative study. As it can be observed, the average score
related to the similarity perceived by users between the visual experience with the 3D printed replica and that
with digital reproduction is equal to 5.05 (SD = 1.15). Regarding the haptic experience, the average score
related to the similarity perceived by users is equal to 5.90 (SD = 0.97). Many participants commented that
the digital model allows to visualize and “feel” the details that characterize the shape of the object even better
than the real model. In fact, since the real object is very small, it is difficult to fully appreciate the details
with a stylus, while thanks to the haptic display system, you can zoom in on every single detail.

This result suggests that the proposed haptic system would enable museum visitors with computer skills to
enjoy satisfactory digital reproductions of archaeological finds.

Similarity average rating
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Figure 5: Average values of similarity rating.

Figure 6 shows the SUS scores assessed for the three interfaces through the parallel study. As it can be
observed, the perceived usability level was high for all the considered interfaces. In particular, the average
SUS score resulted respectively equal to 81.67 (SD = 13.18) for the traditional mouse-based interface, equal
to 75.17 (SD = 8.04) for the haptic interface, and to 77.67 (SD = 10.02) for the haptic gamified interface. As
evidenced in Bangor et al. [51] there is a close relationship between SUS score and adjectives such as “good”,
“poor” or “excellent”, so that it is possible to use the SUS score to determine a grading score for a particular
product. Based on these results, it is then possible to state that all the proposed system interfaces resulted in
a very good rating. As a consequence, the proposed haptic interfaces seem to be highly suitable for use by
people familiar with mouse-based computer interaction, but without previous experience with haptic systems:
the level of usability experienced by users during their use results similar to that experienced when using
interaction systems familiar to them, such as mouse based interfaces. There are no significant differences
between the considered systems, in terms of perceived usability, as determined by one-way ANOVA (F(2,42)
=1.347, p = .271).



SUS SCORE

Haptic interaction
+ gamification

Haptic interaction

Mouse interaction

o

20 40 60 80 100

Figure 6: SUS scores related to the three interaction modalities considered.

By analyzing the data in Figure 7 it is possible to observe that users on average spent more time interacting
with haptic interfaces than with the mouse based interface. This confirms what is observed also in [18]: more
time is spent by visitors viewing artifacts while using the haptic device. This suggests that using the haptic
interface may increase user engagement.

As determined by one-way ANOVA, there was a significant effect of the interface on the time (sec) spent by
users exploring (or playing with) the digital reproductions, F(2, 42) =39.921, p <.001. Post hoc comparisons
using the Tukey HSD test indicated that time spent with mouse interface (M = 407.40, SD = 82.90) was
significantly different than time spent with haptic interface (M = 771.07, SD = 115.15) and with the gamified
haptic interface (M = 683.07, SD = 142.99). There are no significant differences between times respectively
spent with haptic gamified and not gamified interfaces. However, it should be underlined, that users who
have used the simple haptic interface have spent a lot of time interacting with the virtual artefacts,
manipulating and weighing them, so that they demonstrate the curiosity to observe even the smallest details.
Otherwise, users, who have used the gamified application, have only completed the games. Only two users,
once the game was finished, spent time exploring the surface of the digital artifacts. As a result, it can be said
that the gamified application seems to divert the users’ attention from the artifact, even though it improves
their enjoyment. However, in both these cases the longer time spent with the applications compared with that
based on mouse interaction could also be partly motivated by the great curiosity and novelty aroused by the
haptic device in the participants.

Average Time
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Figure 7: Average time spent by users in interacting with the three considered interaction modalities.

Scores related to PR, HQ-1, HQ-S and ATT were calculated by averaging the respective item values per
participant. Internal consistency of all the scores was high (Cronbach’s alpha on the pooled values: PR, o =
.83; HQ-1, a = .79; HQ-S, a = .93; ATT, a = .94). For each considered interaction modality, mean scores
related to each scale of AttrakDiff2 are reported in Figure 8. As observed in Hassenzahl [52] and in



Isleifsdottir & Larusdottir [53], PQ attributes are primarily associated with how the users find the proposed
system ease to use, so that a high PQ score primarily implies high usability. HQ-I attributes are primarily
social, so that a high HQ-I score implies a high perceived capability of communicating identity to others.
HQ-S is related to product attributes that allows users to develop further skills and knowledge, consequently
a high HQ-S score implies a high degree of perceived novelty, stimulation and challenge. ATT can be viewed
as an overall measure of the global appeal of the proposed system.

User Experience

3
2
S —
1 =0
0
-1
-2
-3

PQ HQ_I HQ_S ATT

Mouse =O=Haptic ==f=mHaptic+ Gamification

Figure 8: Mean scores for each scale of AttrakDiff 2 related to the three interaction modalities considered

A one-way ANOVA evidenced that there were no significant differences between the PQ perceived by users
during the interaction with the different proposed system interfaces. The mean score of PQ with the mouse-
based interface was equal to 0.40 (SD = 1.17), with the haptic interface was 0.71 (SD = 1.05), and with the
gamified haptic interface was 0.82 (SD = 0.62). This confirms results of SUS scale: the haptic interface is
perceived as usable as the mouse-based interface.

Instead, there was a significant effect of the interface on the perceived HQ-I, F(2, 42) = 31.659, p < .001.
Post hoc comparisons using the Tukey HSD test indicated that HQ-I perceived with mouse (M = -0.52; SD
= 0.67) is significantly different to both HQ-I perceived with the haptic interface (M = 0.98; SD = 0,86) and
the gamified haptic interface (M = 1.43; SD = 0.58). There are no significant differences between HQ-I
perceived with gamified or not gamified haptic interfaces. Moreover, there is a significant effect of the
interface on HQ-S, F(2, 42) = 40.217, p < .001. Tukey HSD test revealed that there are significant differences
between HQ-S perceived with mouse (M =-0.93; SD = 0.96) and those perceived with haptic interfaces, both
gamified (M =2.21; SD = 0.40) and not gamified (M = 1.37; SD = 1.37). There are no significant differences
between HQ-S perceived with gamified or not gamified haptic interfaces. In the same way, there is a
significant effect of the interface on ATT, F(2, 42) = 21.871, p < .001. Also in this case, Tukey HSD test
evidenced that the mouse interface (M = -0.77; SD = 0.77) is perceived in a significantly different way that
haptic interfaces, both gamified (M = 1.70; SD = 0.94) and not gamified (M = 1.11; SD = 1.40), while there
are no significant differences between gamified or not gamified haptic interfaces. These results can be
explained considering the difference in user behavior when using the interfaces considered. In general, users,
while appreciating the graphical quality of the digital reproductions, considered the mouse-based interface
uninteresting and boring. This statement is also supported by the results of a correlation analysis across the
considered interfaces, which evidenced a strong positive correlation between Time and HQ-I (r = .518, n =
45, p <.001), Time and HQ-S (r = .557, n = 45, p <.001) and Time and ATT (r = .539, n = 45, p < .001).
Instead, there is no correlation between Time and PQ.

6 Conclusion and Future Works

This paper focused on a haptic application, based on the haptic device Omega 6 produced by Force
Dimension, which is a permanent attraction of the “Museo Archeologico Nazionale delle Marche”.
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It reported a comparative study and a parallel study, respectively carried out to:

e Evaluate the ability of the considered haptic device to faithfully reproduce the tactile sensation with the
real object;

e Compare usability between haptic and mouse-based interfaces, and to investigate the role of haptic
feedback and gamification in enhancing UX, during the interaction with VR digital representations of
archaeological finds.

Results, although in a qualitative manner, suggest that the Omega 6 system is able to effectively provide
realistic haptic sensation. Morevore, the proposed system would enable museum visitors, familiar with
mouse-based computer interaction, to enjoy digital reproductions of archaeological finds in a more
satisfactory way: the haptic device usability resulted in a very good rating, based on SUS score. As has been
observed by many participants, the haptic system allows you to "feel" all the details that characterize the
shape of the object, even the smallest ones, which could not be easily observed interacting with the real
object.

The role of tactile feedback in influencing engagement and UX resulted to be very strong, based on the results
of the parallel study, considering both the interaction time, which is greater in the case of the haptic device,
and UX score based on Attrakdiff2 questionnaire.

On the other hand, gamification does not seem to bring a significant increase in engagement and perceived
UX quality, compared to the haptic device per se. This may be due to the strong innovative character of the
technology itself in the application context considered, as demonstrated by the high HQ-S score. In fact,
haptic technology is a very different technology from classic interaction systems, such as the mouse or
joystick, which are more widespread and common to be found also in the context of cultural heritage. This
may affect the attitude towards haptic technology, which so far has been limited to very specific areas, such
as research laboratories or in the medical sector, and can influence the perception of visitors making them
unfamiliar and thus preventing them from being completely involved in the game. Future studies should be
carried out to better investigate these aspects.

In conclusion, it can be stated that haptic devices can represent valid tools for both communication and user
involvement within virtual museums, thus allowing to increase the number of exhibits that can be made
available to visitors. However, this study has some limitations. Only young people with experience in using
the mouse-based pc interface have been involved in the experiences. Other studies are needed to understand
whether the considered haptic application is suitable also for older people who are unfamiliar with the pc
interface. Moreover, several studies should be carried out to better understand how specific gamification
features can contribute to the users’ engagement with haptic VM applications.
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