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Abstract: The use of virtual reality technologies in the field of cultural heritage can play a central role in 
enhancing visitors’ experience and accessibility of artifacts and artworks. However, the virtual museum (VM), 
other than being captivating, should be inclusive, ensuring equal participation and learning opportunities 
for all people, including those with disabilities. Accordingly, the integration of visual stimuli with tactile 
information by means of haptic technology can provide an innovative medium to experience VM contexts, 
enhancing the quality visitors experience, especially with reference to people with vision impairments or 
blindness, according to a universal design perspective. Though haptic devices could represent an asset for 
cultural heritage fruition and education, only a limited number of studies considered their application to 
enhance the VM visitors’ experience so far, while their suitability for people with vision impairments or 
blindness is far from being properly investigated. Therefore, this study aims at bridging this research gap, 
illustrating the methods and results of a co-design process of a VM application integrated with a haptic 
interface involving people with vision impairments or blindness. The developed application consists of a 
multi-modal system that integrates haptic feedback with audio and visual information, geared toward 
providing the most comprehensive and engaging experience possible for users with vision impairments or 
blindness. Results provide a first trajectory for the definition of design guidelines to develop accessible and 
usable VM applications for this target group based on an inclusive perspective, offering useful insights for 
further research and future works on this topic. 

Keywords: Virtual Reality Technologies, Cultural Heritage, Accessibility, Haptic Technology, Visual Impairment, 
VM Applications, Guidelines, Leisure 

Introduction 

The field of cultural heritage has undergone significant transformations driven by the 
constant and rapid evolution of information and communication technologies (ICT), 
promoting innovation in the cultural sector (Bekele et al. 2018; Borowiecki and Navarrete 
2016; Llamazares De Prado and Arias Gago 2020; Sylaiou and Papaioannou 2019). In this 

sense, such trajectories question the traditional practices and principles of the museum, 
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enhancing its social and cultural role, purpose, and community value (Bakhshi and Throsby 
2011; Nielsen 2014; Rizzo 2016). This shift, often referred to with the term “new museology,” 
is characterized by a revaluation of traditional museum practices and a renewed focus on 
accessibility and inclusivity elements (Chong et al. 2021; McCall and Gray 2014; Macdonald 
and Fyfe 1996; Vergo 1989).  

Traditional museology considers museums as physical spaces dedicated to the 
conservation and classification of artifacts (McCall and Gray 2014). In this perspective, virtual 
museums (VMs) would only represent a technological advance that offers new ways of 
engaging with cultural, historical, and scientific exhibits without particular commitments to 
society and directed to a general idea of audience. On the other hand, new museology 
challenges this viewpoint, advocating for a more inclusive approach that acknowledges the 
diverse needs of modern society (McCall and Gray 2014; Morse 2021; Ross 2004). This 
includes the use of technology as a means through which accessibility can be increased, 
creating cultural content and environments that can be enjoyed by all people, anywhere, 
regardless of individual characteristics and needs (Agostinelli et al. 2023; Chiatti et al. 2023; 
Culture24 2023; Giaconi et al. 2021, 2024; Paladini et al. 2023). In this sense, the use of 
advanced technologies such as virtual reality (VR) and augmented reality (AR), when 
informed by universal design frameworks (Persson et al. 2015; Story et al. 1998), can generate 
museum experiences that transcend physical, sensory, and cultural barriers, enhancing the 
social value of contemporary museums.  

As the shift toward new museology represents a significant step forward in making cultural 
and historical knowledge more accessible, it also poses challenges and questions to be addressed. 
For instance, the processes and solutions that can ensure the inclusiveness, quality, and 
authenticity of virtual experiences need to be identified (Creed et al. 2023). As researchers and 
cultural institutions navigate this evolving landscape, it appears crucial to combine research and 
innovation, enhancing the value and relevance of museums in contemporary times. 

The current recommendations for ensuring accessibility within VR environments are 
largely oriented toward the gaming sector (Heilemann et al. 2021) and do not sufficiently 
address the unique needs of individuals with vision impairments or blindness (WHO 2023) 
in the context of VM environments. A limited provision of studies considered VR’s 
accessibility for people with vision impairments or blindness through the assessment of force 
feedback integration. However, such studies either focus on general experimentations rather 
than context-oriented ones (e.g., Kreimeier et al. 2020; Roberts et al. 2002) or aim at 
investigating other specific dimensions, such as spatial orientation (Morański and Materka 
2014) or VR gaming (e.g., Schneider et al. 2018; Wedoff et al. 2019). As highlighted in Dudley 
et al.’s review (2023), the main challenges of achieving inclusion in VR technologies also 
involve the nearly total absence of guidelines for their development. The authors linked that 
gap to the variety of available hardware and software as well as the lack of specific 
competences and knowledge on accessibility principles by designers and developers, as 
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related literature shows (e.g., Lukava et al. 2022). The lack of directions for inclusive VR 
development directly reflects the lack of directions for inclusive VR integration in multiple 
contexts, especially cultural ones. As the direct involvement of people with disabilities is a 
feasible and effective path to develop accessibility solutions (Shogren et al. 2022; Sitbon and 
Farhin 2017), the need to conduct empirical participatory research acquires paramount 
importance for the achievement of inclusive environments, whether virtual or physical. 
Indeed, the total absence of studies regarding VR’s accessibility for vision impairments and 
blindness in cultural contexts generates a lack of comprehensive frameworks for the creation 
of VM environments that are tailored to these specific needs. 

To fill such research gaps, this study aims at deepening the understanding of accessibility 
requirements of VM applications that integrate haptic feedback to convey tactile and spatial 
information within virtual environments, allowing for the perception of physical sensations. 
Specifically, this study seeks to address the following research questions: 

▪ What common issues and unique challenges do different groups of individuals with
vision impairments and blindness encounter when using haptic technology in a
virtual museum application?

▪ What are the limitations of current haptic technologies in providing an accessible
and enjoyable virtual museum experience for individuals with vision impairments
or blindness?

▪ What innovative solutions can be developed through the integration of haptic
technology to address the needs of visitors with vision impairments and blindness in
a virtual museum setting?

To this end, an exploratory study on the co-design of a VM user interface with haptic 
feedback based on a force feedback device was carried out in collaboration with the Macerata 
branch of the Italian Union of the Blind and Partially Sighted People. In light of the co-design 
experience, this contribution explores and unveils the potentials and limitations of haptic 
technology based on force feedback within the context of VM applications. The final aim of 
this study is to design an accessible and inclusive VM application for visitors with and without 
disabilities. 

Research Background 

As noted by Schweibenz (2019), scholars are far from reaching a shared definition of the VM, 
discussing whether it represents a mere digital showcase or a truly independent realm of 
experience. Scientific perspectives on VMs focus on different aspects ranging from technical 
features (i.e., multimediality and digitalization) to visitors’ experience (i.e., immersion, 
availability, or engagement) (Latham and Simmons 2014). In the context of this study, we 
can interpret a VM as:  
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a digital entity that draws on the characteristics of a museum, in order to 
complement, enhance, or augment the museum experience through 
personalization, interactivity and richness of content. Virtual museums can perform 
as the digital footprint of a physical museum, or can act independently, while 
maintaining the authoritative status as bestowed by ICOM in its definition of a 
museum. In tandem with the ICOM mission of a physical museum, the virtual 
museum is also committed to public access; to both the knowledge systems 
embedded in the collections and the systematic, and coherent organization of their 
display, as well as to their long-term preservation. As with a traditional museum, a 
virtual museum can be designed around specific objects (akin to an art museum, 
natural history museum), or can consist of new exhibitions created from scratch 
(akin to the exhibitions at science museums). (V-MUST 2014) 

Consequently, multimedia tools and technologies represent a multitude of channels through 
which VMs1 can be created.  

In this frame of reference, extended reality (XR) technologies are transforming VM 
experiences, redefining how exhibitions are created and offered through innovative means. 
In particular, the use of immersive VR enables visitors to experience authentic digital 
representations of artifacts and gain information in entertaining ways (Lee et al. 2020), while 
offering access to otherwise unreachable locations or objects (tom Dieck et al. 2019). Leading 
institutions, such as the British Museum and Vatican Museum, introduced VM applications 
based on head-mounted displays (HMDs) to maximize visitors’ experience (Leopardi et al. 
2021). However, ensuring the inclusivity of VM solutions remains a challenging aspect, 
requiring adherence to accessibility guidelines, e.g., WCAG 2.1 (Rojas et al. 2020), and 
inclusive design principles (Keates et al. 2000), particularly for visitors with disabilities. 
Notably, current VR environments and technologies present several accessibility and 
usability barriers for individuals with visual impairments or blindness that should be properly 
addressed by scientific research (Creed et al. 2023, 2024).  

In recent years, scientific research has been investigating haptic technology’s potential to 
enhance accessibility for individuals with vision impairments and blindness, integrating it with 
various devices and across different contexts of applications. Haptic technology consists in the 
use of electromechanical devices to mediate interaction between users and virtual 
environments, enriching the sensory stimulation through the integration of the sense of touch 
(Sreelakshmi and Subash 2017). These devices, such as gloves, aim to optimize users’ reception 
and transmission of information. The potential of haptic technology lies in the simulation of 
tactile sensations in virtual environments through a force or vibration that is applied when the 
user comes into contact with a virtual object (Butler and Neave 2008; Srinivasan 1995). Such an 

1 https://www.britannica.com/topic/virtual-museum 
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object is often a polygonal mesh with a texture (Bergamasco et al. 2002). Tactile information 
that can be collected through haptic technology is not limited to objects’ shapes and surfaces 
but also concerns materials’ textures and consistency (Ceccacci et al. 2021). Manipulation and 
navigation of virtual objects occur with different degrees of freedom (DoF) depending on the 
type of haptic device implemented, which is also embodied in multiple types of equipment 
(e.g., joysticks, data gloves, skeleton devices, etc.) (Bergamasco et al. 2002). As a result, such a 
technology can increase the level of immersion and interactivity that a user can experience in 
virtual environments (Colwell et al. 1998; Komianos 2022; Mohammadi et al. 2016).  

Given its features, haptic technology has been largely employed in medical and industrial 
fields, with reference to robotics integration within professional fields (e.g., doctor training, 
operation training, or manufacturing) (Hoshyarmanesh et al. 2020; Laycock and Day 2003). 
Indeed, haptic devices can represent a useful means through which the accuracy and precision 
of procedural skills that require hand-eye coordination can be developed. Additionally, 
research on haptic devices has also explored the field of rehabilitation (e.g., Ferre et al. 2011; 
Lee et al. 2005; Oblak et al. 2010; Yunus et al. 2020) and serious games (e.g., Deng et al. 2014; 
Hou et al. 2014; Shazhaev et al. 2023). Research on haptic devices has recently spread in 

various fields, as the ongoing development of this technology is pushing toward its 
implementation in new areas (Iacob and Popescu 2019), including the field of cultural 
heritage enhancement (Bergamasco et al. 2002; Brewster 2017; Caldarelli 2023; Comes 2016; 
De Fazio et al. 2023; Giaconi et al. 2024).  

As the effectiveness of haptic technology use can vary across target groups and contexts of 
use, scientific research has explored its use in relation to the levels of accessibility and usability 
of devices and services for people with vision impairments or blindness, with the aim of 
understanding connected inclusion potentials and digital divide risks (Creed et al. 2023; 
Muhsin et al. 2023). Research has explored the integration of haptic technology in user 
interfaces (UI) across different contexts of use. For instance, Harrison et al. (2023) conducted a 
qualitative study regarding the perceptions of people with vision impairments on the use of 
haptic technology to improve the interface design of digital audio workstations. Cassidy et al. 
(2013) assessed the integration of haptic feedback prompts in an automated teller machine 
(ATM). Paratore and Leporini (2023), as well as Khusro et al. (2022), experimented with the 
integration of haptic feedback in smartphones through vibration patterns to support mental 
mapping for spatial orientation. In the same context, Voutsakelis et al. (2021) investigated the 
use of haptic devices to increase the accessibility of five smartphone applications (such as the 
games “Match the Pairs” or “Escape the Maze”). Considering the use of haptic technology to 
improve VR environments’ accessibility, Kreimeier et al. (2020) explored the use of data gloves 
to collect spatial and tactile information of simple tabletop virtual objects (such as geometric 
shapes). In the area of supporting VR spatial orientation, Zhao et al. (2018) assessed the use of 
a haptic and auditory cane, while Morański and Materka (2014) focused on the use of haptic 
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technology for obstacle identification. Lastly, in the area of accessible VR gaming, Wedoff et 
al.’s study (2019) combines audio with vibration cues in the virtual replica of an accessible game 
called “Showdown.” Schneider et al. (2018) developed a haptic device to facilitate interaction 
with VR moving objects for blind users, applied in sports or shooter games. Although the 
aforementioned studies show promising results and mark significant progress in the 
experimentation of haptic technology for accessibility, the research scenario appears to be 
fragmented across contexts of use and application scenarios and does not particularly focus on 
VR environments’ accessibility. Additionally, the absence of studies that frame such research in 
cultural contexts leaves the field of museum accessibility mostly unexplored. 

In the context of museums, the use of haptic technology has shown promising results in 
enhancing visitors’ experience by allowing them to interact with virtual exhibits with 
increased levels of immersion (Dima et al. 2014; Insko 2001; Karayilanoğlu and Arabacioğlu 
2017). For instance, the Manchester Museum incorporated the Probos haptic unit as a 
permanent feature in the offered museum paths (Karayilanoğlu and Arabacioğlu 2017; 
Reichinger et al. 2016). In the same line, the National Archaeological Museum of the Marche 
Region implemented a haptic application based on the haptic device Omega 6 to enhance 
the fruition modalities of its exhibits (Ceccacci et al. 2021). Additionally, the University of 
Southern California conducted experimentation with a Haptic Museum through the use of 
the Phantom and the CyberGrasp devices (McLaughlin et al. 2000), while the Bogotà 
Museum of Gold offers a virtual setup through which visitors have the opportunity to interact 
with virtual representations of real objects, engaging their senses of touch, hearing, and sight 
(Figueroa et al. 2009; Osorio et al. 2011). However, the development of the aforementioned 
solutions did not specifically acknowledge accessibility and usability requirements with 
reference to individuals with vision impairments or blindness.  

Given the lack of studies focusing on accessibility and usability of haptic devices to 
support VM experiences for visitors with vision impairments or blindness, research efforts 
should be directed toward filling this gap by providing reliable results and integration 
guidelines. Accordingly, addressing these gaps would foster the creation of accessible 
technologies to enhance visitors’ experience, ensuring equal participation opportunities for 
all people (UN 2006). 

Co-design of VM Application with Haptic Feedback 

Using a participatory research approach (Cornwall and Jewkes 1995; Hall 1975), involving 
three groups of participants with different types and degrees of vision impairments or 
blindness, the study seeks to identify the requirements, limitations, and opportunities for 
integrating force feedback-based haptic technology within a VM software application. 
Therefore, the expression “VM application” used by the authors refers to the software 
application developed in the study. In this context, the process of co-design can be defined as 
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a “process of joint inquiry and imagination” in which multiple participants take part in the 
design process to identify problems, develop solutions, and test them in order to “jointly 
bring about positive change” (Steen 2013, 27–28). 

In order to ensure that the familiarization of users with haptic technology would not 
influence the results of the assessments, participants were randomly assigned to three separate 
groups that contributed in different moments of the co-design process. In this sense, different 
participants took part in different stages of the co-design process to avoid familiarization 
drawbacks.  

Co-design sessions were held at the virtual laboratory of the Research Center of Teaching 
and Learning, Inclusion, Disability, and Educational Technology (TIncTec) at the University 
of Macerata and carried out by a research team composed of experts in special education and 
interaction design. Each co-design session lasted one day. Figure 1 presents an overview of 
the co-design process. Accordingly, this section is divided into six sub-paragraphs, illustrating 
each step of the co-design process. 

 

 

Figure 1: Flow Chart of VM Application Design Process 

Preliminary Prototype Construction 

The preliminary prototype construction was carried out to support the identification of key 
requirements concerning the accessibility and usability of the VM application for visitors with 
vision impairments or blindness. The software application similar to that described in Ceccacci 
et al. (2022) was developed as the preliminary prototype of the VM application by a design team 
composed by VR applications developers and experts in interaction design. The preliminary 
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prototype was developed in Unity 3D,2 using the 3D Systems Openhaptics Unity Plugin.3 This 
application allows users to engage with virtual objects using a virtual probe; that is to say, a 
simulated stylus synchronized with the haptic device handpiece (see Figure 2). When the stylus 
comes into contact with the virtual object, the haptic device provides force feedback to the user, 
simulating the sensation of the collision with the virtual object’s surface and the resistance of 
the virtual material. This feedback is achieved through the mechanical actuators of the device, 
following the action-reaction principle. Additionally, by pressing the button on the device 
handpiece, the user is able to “attach” the virtual probe to the virtual object at the point of 
contact. This enables the manipulation of the virtual object within the virtual environment by 
moving or rotating the handpiece along or around the three axes (x, y, z).  

The preliminary prototype assessment aims at supporting the understanding and 
definition of users’ needs, gathering insights into the specific requirements and challenges 
faced by individuals with vision impairments or blindness during the interaction with virtual 
objects using a force feedback haptic device.  

 

 

Figure 2: Haptic Device Touch X 

Requirements Discovery  

The requirements discovery involved a group of five participants (three women and two 
men), aged between 34 and 54 (M = 42; SD = 8.203) with different levels of vision 
impairments or blindness: one with total blindness, three with moderately severe vision 
impairment, and one with mild visual impairments (Italy, Law No. 138, 2001). Their feedback 
contributed to the requirement discovery in order to improve the initial design solution 
following an incremental process. The evaluation activities consisted of two consecutive 
phases that took place on the same afternoon. 

In the first phase, participants were asked to interact with the preliminary prototype 
using the six DoF high fidelity force feedback Geomagic Touch X by 3D system4 to navigate 

 
2 https://unity.com/. Accessed July 31, 2024. 
3 https://assetstore.unity.com/packages/tools/integration/3d-systems-openhaptics-unity-plugin-134024. Accessed July 
31, 2024. 
4 3D System, Touch X. https://www.3dsystems.com/haptics-devices/touch-x/specifications. Accessed July 31, 2024. 
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or manipulate virtual objects displayed on a Philips Led 24” full HD computer monitor while 
seated at a height-adjustable desk to ensure maximum comfort during interaction (Figure 2, 
on the right). Each user was taught how to use the haptic device to explore the surface of a 
virtual object and how to move and rotate it in space. This approach aimed to familiarize the 
participants with the haptic interface and with the actions they could perform with it, such 
as exploring and manipulating virtual objects (Covarrubias et al. 2013). Afterward, 
participants were given time to interact freely with the device. Overall, each interaction 
session lasted for ten to twelve minutes approximately. 

The second phase started immediately after the first phase and consisted of a focus group 
(Liamputtong 2011) aimed at exploring participants’ experiences and opinions regarding 
their interaction with the haptic device. The focus group was conducted in an informal way. 
Discussion was stimulated through a semi-structured interview (Table 1). The questions 
aimed at eliciting valuable insights to inform the co-designing process and ensure that the 
preliminary prototype could be optimized for the unique needs of people with vision 
impairments or blindness, according to an inclusive design approach. This inclusive approach 
aligns with the broader research focus on developing assistive interfaces and technologies for 
the visually impaired, including the use of haptic feedback devices and distance transforms 
(Carneiro and Velho 2004; De Fazio et al. 2023).  

 

Table 1: Semi-Structured Interview Topics 

Section Interview Topics 

Background 

Information 

a) Information about the participant’s age, gender, and level of vision 

impairment or blindness. 

b) Information about the participant’s experience with haptic feedback 

technology, particularly in the context of virtual environments. 

Haptic 

Feedback 

Evaluation 

c) Participant’s perspective on the efficacy of haptic feedback in enabling 
the conceptualization of 3D objects within the VM application. 

d) Challenges or limitations experienced by the participant in using haptic 
feedback for interacting with virtual 3D objects. 

User 

Experience 

e) Participant’s preferences for the design regarding interaction paradigms to 
ensure optimal accessibility within the VM application with haptic feedback. 

f) Participant’s preferred feedback mechanisms for interacting with the VM 
user interface and with the 3D objects using haptic technology. 

Conclusion 
g) Summary of key points discussed and collection of additional thoughts 

or questions. 
 

The feedback provided by the people involved in the co-design activities yielded 
interesting results. Despite their medium level of digital competence and limited familiarity 
with haptic technology, all participants expressed a high level of interest and engagement 

209

D
ow

nl
oa

de
d 

on
 T

hu
 J

ul
 0

3 
20

25
 a

t 1
7:

09
:4

7 
U

T
C



THE INTERNATIONAL JOURNAL OF THE INCLUSIVE MUSEUM 

 
 
 

with the concept but encountered some difficulties in the conceptualization of the shape of 
the virtual archeological finds. However, there was positive feedback in terms of participation 
and personal commitment. In particular, the interaction with the haptic device engaged all 
the participants and encouraged their active involvement in the interaction with the virtual 
objects. This confirms what was observed also in Ceccacci et al. (2022, 2023) and Jamil et al. 
(2018). However, while the prototype was shown to effectively enable people with mild and 
moderate vision impairments to interact with digital objects, it did not fully support the 
understanding of 3D objects’ shape in the case of people with blindness. Notwithstanding, 
all the participants expressed high expectations for VM applications that integrate haptic 
technologies, as all of them reported that the proposed haptic technology allowed them, for 
the first time, to interact in some way with digital objects. Thus, this expectation highlights 
the current unmet need for effective solutions that can enable people with vision 
impairments or blindness to use VM solutions. The focus group results also highlight one 
critical aspect: relying solely on haptic feedback is insufficient to efficiently locate a virtual 
object through the virtual probe, especially for people with blindness. In particular, 
participants suggested implementing an acoustic map to support users during their 
navigation of the virtual space with the haptic probe, facilitating the localization of objects. 

Moreover, regarding the design of the VM user interface, the majority of participants 
suggested alternative means of interaction instead of the haptic device. In particular, they 
expressed their preference for the use of keyboard commands to interact with the VM user 
interface as they perceive them as more efficient and familiar to use for navigating and 
managing the proposed functionalities (e.g., selecting the language, choosing the digital 
object to interact with, and playing an audio-guide). Insights from the focus group activities 
were analyzed through the grounded theory method (Charmaz 2006). Figure 3 illustrates the 
conceptual organization of the insights and feedback on the preliminary prototype emerging 
from the focus group. 

 

 

Figure 3: Feedback from the Focus Group 

VM Prototype Design 

Requirements and suggestions, collected from participants, were incorporated by the design 
team in order to conceptualize a solution capable of accommodating the unique needs and 
preferences of individuals with vision impairments or blindness. The VM application 
prototype was developed in Unity 3D.  
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The VM application prototype presents a Main Menu that displays and enables the 
navigation of the VM library including four reproductions of exhibits stored in the museum 
(Figure 4), each accompanied by the name of the object. Moreover, the Main Menu allows 
users to choose the preferred language (Italian or English) and to exit the application. 

By selecting one of the digital objects proposed in the VM library, users access a new 
section (Figure 5) in which they can find: 

 

▪ A textual description of the object in easy-to-read format,5 placed in the top center of 
the screen; 

▪ A text-to-speech command, which converts the textual description to audio 
description, located at the top left of the screen (enabled by default); 

▪ The digital object that the user can navigate and manipulate by moving the virtual 
probe through interaction with the haptic device; 

▪ Two commands (located at the bottom left of the screen) that respectively allow the 
user to restore the object to its initial position and to enable or disable the acoustic 
map (enabled by default). When enabled, the acoustic map provides a beep signal 
with a frequency modulated by the distance of the virtual probe from the object’s 
surface, aiding users in orienting themselves within the virtual space. The frequency 
is higher when the probe is far from the object and lower when it is very close. The 
signal ceases when the virtual probe comes into contact with the virtual object; and, 

▪ A command (located at the bottom right of the screen) to return to the Main Menu. 
 

 
Figure 4: VM Application Main Menu 

 

 
5 Easy-to-read language supports the understanding of information for people with intellectual disabilities. Easy-to-
read guidelines can be found at: www.inclusion-europe.eu/easy-to-read/ 
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Figure 5: Section of VM Application related to the Krater 

 

The VM application prototype interface is compliant with the W3C Accessibility 
Requirements for People with Low Vision 6  and Web Content Accessibility Guidelines 
(WCAG) 2.2 guidelines7 so that it is fully operable using both a mouse and a keyboard. It 
implements a screen reader capable of supporting people with vision impairments or 
blindness in navigating all the information and selecting the provided functionalities. 

Concept Improvement 

A total of five participants (two men with total blindness, one woman with partial blindness, 
and one woman and one man with moderate to severe vision impairment), aged between 30 
and 64 (M = 50; SD = 15.165) were involved in this activity. The evaluation section was carried 
out similarly to the procedure used for the first co-design activity: participants, after an initial 
individual training and familiarization phase, were briefed on the main features offered by the 
VM application and its functioning modalities. Afterward, they were left free to explore it.  

Following the familiarization and free interaction phase, participants were involved in an 
informal usability test. One at a time, they were asked to achieve the following specific tasks, 
related to the navigation and use of the main functionalities provided by the VM application: 

 

▪ Change the set language (English) to Italian 
▪ Find object X within the VM library 

 
6 https://www.w3.org/TR/low-vision-needs/  
7 https://www.w3.org/TR/WCAG22/ 
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▪ Select object Y from the VM library 
▪ Manipulate and navigate object Y using the haptic device 
▪ Start the audio description of the examined object 
▪ Return to the main selection menu 

 

Once all participants completed the activities, they were involved in a focus group, which was 
conducted following the same procedure used for the preliminary prototype assessment (i.e., 
informal focus group and use of the semi-structured interview reported in Table 1).  

Finally, to obtain a quantitative measure of the VM application prototype usability, the 
System Usability Scale (SUS) questionnaire was administered (Brooke 1996, 2013). This tool 
was used to assess participants’ perceived ease of use and overall functionality of the VM 
application prototype. The questionnaire includes ten statements: 

 

1. I think that I would like to use this system frequently. 
2. I found the system unnecessarily complex. 
3. I thought the system was easy to use. 
4. I think that I would need the support of a technical person to be able to use this system. 
5. I found the various functions in this system were well integrated. 
6. I thought there was too much inconsistency in this system.  
7. I would imagine that most people would learn to use this system very quickly.  
8. I found the system very cumbersome to use. 
9. I felt very confident using the system. 
10. I needed to learn a lot of things before I could get going with this system).  

 

Participants were required to rate their agreement with each statement on a Likert scale 
from 1 to 5, where 1 corresponds to “strongly disagree” and 5 corresponds to “strongly agree.” 
The SUS was chosen due to its widespread use and its ability to facilitate comparisons with 
existing results and products. 

As Table 2 shows, the overall usability perceived by users during task execution is highly 
variable. This variability is closely linked to users’ visual abilities and their familiarity with 
ICT technologies. The average perceived usability score is 75, which aligns with the findings 
of Bangor et al. (2009). Therefore, the system can be considered user-friendly and effective for 
its intended purpose. 
 

Table 2: Evaluation of Perceived Usability by Users Assessed Using the SUS 
Diagnosis (L. 138/2001) ICT Familiarity SUS 

Total blindness Medium 75 

Total blindness High 80 

Moderate to severe vision impairment Medium-low 65 

Moderate to severe vision impairment Medium-low 70 

Partial blindness High 85 
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Observations made by participants in the focus group highlighted how a virtual assistant 
capable of facilitating interaction with objects, by verbally describing the part being touched, 
could support the conceptualization of the shape of objects. This feedback (which reached 
shared consensus among participants) underlines the importance of auditory guidance in 
enhancing the user experience (UX) and suggests the potential value of integrating a virtual 
assistant within the application to provide detailed descriptions of objects and facilitate 
navigation for individuals with vision impairments or blindness. In this sense, the 
implementation of an auditory guide that would provide navigation cues as an improvement 
of the acoustic map was identified by participants as the main design solution to refine the 
VM application prototype.  

Prototype Refinement 

The research team decided to simulate and test the operation of the audio guide using the 
Wizard of Oz methodology (Helgert et al. 2024; Schlögl et al. 2013) since this solution 
required a shorter development time. Indeed, the Wizard of Oz prototyping technique 
enables the simulation of the functionality of the voice assistant before its full 
implementation, allowing for user testing and feedback without the need for a fully 
developed system. According to the methodology, a participant plays the role of the audio 
guide, providing support to the user’s navigation and potentially improving the systems’ 
intuitiveness, accessibility, and interactivity through voice commands.  

The Wizard of Oz prototyping technique served as a valuable tool to replicate the interaction 
and functionalities of the voice assistant in a controlled setting. This method provided insights 
into how users might interact with and benefit from the voice assistant, informing further 
adjustments before the full implementation of the feature (Schlögl et al. 2013). 

Final Evaluation 

The final evaluation involved two groups. Group 1 consisted of eight individuals with vision 
impairments or blindness (one man and one woman with total blindness, one man with 
partial blindness but experiencing total blindness during the experiment, one man with 
severe vision impairment, three women with moderately severe vision impairment, and one 
woman with mild vision impairment) aged between 38 and 74 (M = 53.37; SD = 12.35). 
Group 2 consisted of individuals without vision impairments or blindness and was composed 
of four women and four men, aged between 28 and 64 years (M = 45.25; SD = 11.92). The 
involvement of a group of participants without disabilities allows for the assessment of the 
overall usability of the application and comparison of experiences between users with and 
without vision impairment or blindness. This can lead to a better understanding of the needs 
of both user groups and broader improvements in the overall UX. 
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The evaluation section was carried out similarly to the procedure used for the first two 
co-design activities. During the tests, a test conductor assumed the role of the audio guide, 
effectively simulating the anticipated functions of the voice assistant, using the Wizard of Oz 
prototyping technique (Helgert et al. 2024), in order to direct the user’s actions during the 
interaction with the object while also explaining the characteristics of the object itself.  

For this session as well, once all participants completed the activities, they were engaged 
in a focus group. Furthermore, in pursuit of a comprehensive assessment of the VM 
application prototype UX, the SUS was administered alongside a qualitative structured 
questionnaire investigating four distinct dimensions of the UX (Ceccacci et al. 2021): 
education, entertainment, escapism, and aesthetics (Table 3). The response options range 
from 1 to 5 on a Likert scale, where 1 stands for “not at all” and 4 stands for “very much.” 
Each dimension is examined with four questions, so the obtainable value ranges from a 
minimum of 4 to a maximum of 20, with an average value of 12. This scale can be used to 
gauge user feedback ensuring that the responses are clear and easy to interpret. 

 

Table 3: Questionnaire Regarding the Four Dimensions of  
UX Defined by Pine and Gilmore (1999) 

Dimension Question 

Education 

1. To what extent did the entire experience stimulate your curiosity? 

2. How much did the entire experience increase your desire to learn more about 

the artifact? 

3. To what extent did this experience increase your attention to the details of the 

artifact? 

4. How much did you learn about the artifact from this experience? 

Entertainment 

5. To what extent would you like to repeat this experience? 

6. To what extent did this experience emotionally stimulate you? 

7. How much did you enjoy yourself during this experience? 

8. To what extent was this experience unusual for you? 

Escapism 

9. To what extent did you lose track of time? 

10. To what extent did you lose track of where you are? 

11. To what extent did you feel out of touch with reality? 

12. To what extent do you feel you were not the one interacting with the artifact? 

Aesthetics 

13. To what extent do you feel this experience was better than what you would 

have had with the real artifact? 

14. How pleasant was it to experience this technology? 

15. How attractive did you find the virtual artifact? 

16. How attractive did you find the technology you experienced? 
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In the last focus group, participants with vision impairments or blindness highlighted how 
they effectively interacted with the keyboard and appreciated the guidance provided by the 
auditory cues. Additionally, participants agreed on the idea that a virtual assistant, by verbally 
describing the part being touched, could facilitate the interaction with objects and their shape 
conceptualization. This highlights the importance of auditory guidance in enhancing UX and 
suggests the potential value of integrating a virtual assistant within the application to facilitate 
virtual environments navigation for individuals with vision impairments or blindness.  

The findings are further corroborated by the results of the SUS scale. In general, no 
statistically significant differences were observed between the two groups in relation to the 
usability of the VM application prototype. For Group 1, the average perceived usability score 
reaches 77 (minimum value: 70, maximum value: 90). Similarly, for Group 2, the average 
score is 79 (minimum value: 70, maximum value: 95). 

Although the sample size of the assessments is very limited, the UX data reveals that in 
Group 1 the standard deviation shows greater variability. Notably, the dimension with the 
highest mean judgement is education (6.06). On the other hand, the dimension with the 
lowest mean judgement is entertainment (2.81). In contrast, the mean judgement recorded 
by the other group is generally lower, ranging from 3.4 in the education dimension to 1.77 
in the aesthetics dimension (Figure 6).  

Figure 6: Standard Deviations of UX Dimensions for Groups 1 and 2 

Regarding the level of satisfaction reported by users on the overall quality of the 
experience, users with vision impairments or blindness highlighted significant enjoyment. 
Specifically, most of them stated that they had fun and learned something new. Some users 
reported low levels in the perception of the escapism dimension. Some found that the 
experience met their initial expectations, while others perceived challenges and limitations, 
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especially individuals with severe vision impairments and total blindness. Others experienced 
frustration, considering the technology as more suitable for sighted individuals. Some 
participants appreciated the experience but suggested improvements, such as stronger visual 
contrast in the UI and implementation of additional audio tools. Lastly, many participants 
expressed complete satisfaction and viewed the technology as an important support tool for 
individuals with vision impairments or blindness. One participant described the experience 
as highly engaging while another wished for more time to interact with the technology, 
recognizing its potential in various contexts of use. 

Discussion 

Through iterative co-design activities and prototype improvements, the study underscores the 
importance of ongoing refinement and integration of user feedback to optimize accessibility 
and usability of haptic technology within a VM application software. Despite participants’ 
moderate digital competence and limited familiarity with haptic technology, their high level 
of interest and engagement, along with positive feedback and expectations for the app, 
underscore its inclusive potential. 

The initial adaptation of interaction interfaces for the virtual environment was crucial to 
enhance usability and accommodate users’ unique needs. Key aspects such as the necessity 
for acoustic mapping, audio guidance, and alternative control methods like keyboard 
commands emerged during the co-design process, emphasizing the importance of a 
multifaceted approach to accessibility. 

Although haptic technology may not fully convey 3D object understanding, results show 
how it has the potential to effectively engage participants, promoting active involvement in 
the virtual environment. Iterative co-design sessions and prototype improvements, including 
the incorporation of a voice assistant through the Wizard of Oz technique, further enhanced 
accessibility and user-friendliness. 

The results obtained from both the SUS and the UX evaluations suggest that users find 
the VM application prototype (integrated with a haptic interface and a voice assistant) easy 
to use, engaging, informative, and aesthetically pleasing. With reference to the scarce 
perception of escapism in the experience, such a result could be connected to the 
experimental conditions and the low level of immersion provided by the application. The 
overall positive reception suggests that the haptic VM application prototype with a voice 
assistant effectively meets the needs and expectations of its target users, particularly those with 
vision impairments or blindness.  

The following design guidelines can be extrapolated from the results obtained: 
 

▪ W3C accessibility requirements and WCAG 2.2 guidelines should be followed so 
that the VM interface is usable with both mouse and keyboard and compatible with 
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screen readers to ensure the accessibility of the VM interface for people with vision 
impairments or blindness. 

▪ Haptic devices based on force feedback and point contact are not accessible for 
people with visual impairments, as haptic information per se does not enable users 
to orient the virtual probe in the virtual environment to detect the virtual objects. 

▪ The feedback provided by haptic devices based on point contact force feedback does 
not in itself support the conceptualization of 3D objects’ shapes in the case of users 
with vision impairments or blindness. 

▪ To help users orient themselves and locate virtual objects within the virtual space, 
acoustic feedback, such as an acoustic map (e.g., use of frequency-modulated sounds 
based on the distance between the virtual probe and the objects) or voice feedback 
provided by a voice assistant (e.g., using cardinal directions and distances to guide 
movements and confirm correct actions) should be provided. 

▪ The feedback provided by haptic devices based on point-contact force feedback, 
combined with the guidance of a voice assistant that gives continuous feedback as 
the user explores the object and describes what they are touching in real time, can 
support the conceptualization of the shape of 3D objects in the case of users with 
vision impairments or blindness. 

▪ To support the acquisition of familiarity with the haptic interaction device, a practice 
phase should be included to help users understand how to explore and manipulate 
objects using the haptic feedback system. 
 

To ensure personalization in voice assistant feedback based on users’ navigation strategies, a 
proper vocal assistant agent application could be implemented using Unity 3D, exploiting the 
capabilities of actual large language models, such as ChatGPT. For example, the interaction 
between the user-controlled virtual probe and a virtual object surface can be captured by a Unity 
script, triggering a description request to ChatGPT. Accordingly, ChatGPT can process the 
prompt and generate a detailed text description of the surface. The description could include 
information about texture, shape, and other relevant characteristics, which is crucial for users with 
vision impairments or blindness to understand what type of object they are interacting with. Once 
the text description is ready, it can be forwarded to a text-to-speech engine (e.g., Microsoft 
Cognitive Services, Google Text-to-Speech, or Amazon Polly), converting it into an audio clip 
with the spoken version of the description, allowing the user to hear the features and details of 
the surface. As Unity receives the audio clip from the text-to-speech engine and plays it through 
the application’s audio system, the user is given the chance to hear a detailed verbal description of 
the surface, enhancing their ability to conceptualize the object’s characteristics through auditory 
feedback. As suggested by recent research results (e.g., Vasic et al. 2024; Garcia et al. 2024), the 
choice of implementing such solutions could provide benefits in terms of automatization, 
personalization, and cost-effectiveness in comparison to the recording of a traditional audio guide. 
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Although users generally found the experience with the developed VM application 
prototype enjoyable and informative, challenges and suggestions for improvement were 
noted. In particular, such aspects concern immersion and suitability for vision impairments 
or blindness. Further refinement and integration of user feedback are essential to optimize 
the accessibility and inclusivity of such applications, ultimately providing a more enriching 
experience for all visitors. 

With reference to the study’s limitations, it is important to acknowledge that the findings of 
this research may not provide a comprehensive representation due to the relatively small sample 
size of participants. The limitation of the sample size underscores the need for further and 
continued exploration and validation in the field of accessibility and usability for individuals 
with vision impairments or blindness. Future studies with expanded participant pools can 
provide a more comprehensive understanding of the effectiveness and impact of haptic 
technology in enhancing VM experiences for individuals with vision impairments or blindness. 

Conclusion 

This study demonstrated how the use of haptic technology in museums can represent a 
solution to improve visitor experience for all people. The findings from this study emphasize 
the importance of combining the expertise of technologists, designers, and people with 
disabilities to promote inclusive processes in museum contexts. By engaging individuals with 
vision impairments or blindness, our research team was able to gain insights into their unique 
needs and challenges, shaping a method to improve VM application accessibility.  

Through the integration of haptic technology into museum exhibits, museums can create a 
more inclusive and captivating environment for all audiences. This approach not only has the 
potential to facilitate individuals with vision impairments or blindness in exploring and 
appreciating three-dimensional objects through the sense of touch but also allows a broader 
spectrum of visitors to engage with and learn from museum collections. Additionally, haptic 
technology opens the possibility of remotely exploring artworks and artifacts through tactile 
experiences, enabling visitors to participate in interactive encounters guided by museum staff. 
As museums aim to enhance accessibility and inclusivity, the incorporation of haptic technology 
represents a significant step toward ensuring that every visitor can actively engage in museum 
experiences with higher levels of participation, learning, enjoyment, and aesthetic pleasure.  

Research demonstrates the potential of haptic technology in increasing accessibility for 
people with vision impairments or blindness (Muhsin et al. 2023; Vercellone et al. 2018). In 
this sense, by implementing haptic devices, museums can improve accessibility for people 
with vision impairments or blindness while providing unique and memorable experiences. 
Haptic applications can be used both on-site and remotely, offering versatile solutions to 
enhance museum experiences. Within museum paths, the implementation of interactive 
stations equipped with haptic devices can provide haptic experiences alongside the visit. 
Additionally, the increasing accessibility and availability of haptic devices in the market paves 
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the way for the development of web-based VM applications. These applications would allow 
users to interact with digital copies of archaeological artifacts from the comfort of home, 
using haptic-compatible devices, to ensure museum access even for people not being able to 
visit the museum in person, significantly expanding accessibility and promoting inclusion. 

However, there still are several challenges to be addressed, such as the need for more 
mobility, transparency, and universality in haptic technology solutions (Muhsin et al. 2023). 
Many existing studies in this area focus on specific contexts, particularly in the fields of 
education (Minogue and Jones 2006) and creative expression (Harrison et al. 2023). Although 
these studies demonstrate the potential of haptic technology in increasing accessibility for 
people with vision impairments or blindness, they inevitably provide limited guidance on the 
integration of accessible haptic interfaces. The rapid expansion of the global haptic technology 
market underscores the critical need for establishing guidelines and recommendations to 
ensure the effective utilization of haptic devices in museums. These guidelines are essential to 
guarantee the benefits of haptic technologies in enhancing visitors’ interactions with cultural 
and artistic heritage in a meaningful and inclusive manner. Additionally, research should 
address the requirement for affordable and adaptable haptic interfaces. Consequently, further 
research is needed to address perceptual, technological, and methodological issues in the 
development and implementation of haptic technology solutions for people with vision 
impairments or blindness. The design of multi-modal experiences may help to address some of 
these challenges (Muhsin et al. 2023; Paratore and Leporini 2023). 

In today’s digital age, technology offers transformative potential for our engagement 
with cultural institutions like museums. Yet, it is crucial to ensure that these advancements 
encompass thoughtful considerations on cultural heritage’s educational value, and overall 
accessibility and inclusivity.  

In this sense, it is important to notice how museum accessibility is not a mere checkbox: 
beyond the fulfillment of standards and general requirements, there is a call for tools and 
solutions that can support the creation of meaningful experiences for all visitors. Accordingly, 
collaborative endeavors in which researchers and individuals with disabilities work together 
represent a viable resource to refine and implement guidelines, maximizing the potential of 
innovative technologies. In particular, the adoption of participatory approaches constitutes an 
effective means for social inclusion and active participation, empowering individuals with 
disabilities while shaping inclusive environments (Ceccacci et al. 2022; Giaconi et al. 2021, 2024). 
By pursuing these future directions, the field of accessible museum applications can evolve, 
enabling people with disabilities to fully participate in and enjoy our shared cultural heritage. 
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