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Abstract
Ensuring accessible, meaningful, and autonomous museum experiences for blind and low-vision (BLV) visitors
remains a persistent challenge. In response, cultural institutions increasingly seek to integrate digital and
multimodal technologies to enhance accessibility and enrich museum experiences. This paper outlines the design
of an interactive tangible system that will enable BLV visitors to explore 3D-printed replicas of museum artefacts
and access contextual information through two complementary modalities: (1) structured, curator-approved
pre-recorded audio descriptions (AD) triggered by a button press, and (2) open-ended voice queries answered
by a dedicated conversational artificial intelligence (AI) agent. The system consists of a rotating wooden base
containing four tactile artefacts, each associated with an individual sensor that automatically play an initial AD
when lifted. Visitors may then request additional information at any point via an integrated button, which either
delivers layered narrative AD or initiates a voice-based question for AI-generated responses. The forthcoming
study will involve BLV participants and will investigate three core questions: the usability and clarity of the
interaction sequence (tactile exploration, button activation, and voice recording), user preferences between
structured narration and open conversational access, and participants’ perceived autonomy and self-efficacy
when engaging with the system. Data will be gathered through structured observations, pre- and post-interaction
questionnaires, and qualitative interviews. This research aims to advance understanding of how tangible interfaces
and conversational AI can support more inclusive, engaging, and user-directed museum experiences for BLV
audiences.
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1. Introduction

Museums serve as key cultural institutions, offering spaces for learning, reflection, and shared cultural
engagement [1]. Ensuring that these environments are accessible to all visitors is therefore a central
responsibility. Yet for blind and low-vision (BLV) individuals, who constitute an estimated 2.2 billion
people worldwide [2], museum visits remain challenging, as exhibitions continue to rely heavily
on visual modes of interpretation. This results in persistent barriers and low participation rates
among BLV communities [3]. Over the past decade, research has increasingly focused on developing
multimodal, user-centered solutions that support accessible museum experiences [4, 5]. A recent
systematic review by Avni et al. [6] maps the landscape of technologies and frameworks developed to
enhance the museum experience for BLV visitors, providing a foundation for the present work. Studies
emphasize that effective interpretation for BLV visitors must integrate touch and audio as multisensory
exploration fosters perception, memory, and spatial understanding [7]. Advances in digital fabrication
have further enabled the creation of tactile replicas and bas-reliefs that support hands-on engagement
with artworks and artefacts [8, 9, 10], while narrative “tactile kits” combining structured audio layers
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with 3D models increasingly allow visitors to explore material culture at their own pace [11, 12].
Audio Description (AD) remains a cornerstone of accessibility, translating visual content into verbal
form [13]. However, traditional AD, typically delivered through static, pre-recorded scripts, is time-
consuming to produce, limited in personalization, and unable to address visitors’ spontaneous questions
or interpretive needs [14, 15, 16]. Digital platforms have since introduced layered AD and interactive
tactile-audio systems [17, 18, 19], but recent advances in AI, particularly generative AI (GenAI), present
new opportunities for scalable, adaptive, and conversational forms of access. AI-driven systems may
generate draft descriptions, provide contextual information on demand, or support follow-up dialogue
through conversational agents [20, 21, 22]. Nonetheless, these technologies also raise concerns related
to accuracy, curatorial integrity, and ethical use [23, 24].

Against this backdrop, the present study will investigate BLV visitors prefer to access supplementary
information about tactile museum artifacts. For the purpose of the study, “EMusA” — a multimodal
interaction prototype was developed. It combines tactile and two different audio-based interaction
methods. The study will compare two fundamentally different interaction paradigms: a closed, curator-
approved modality based on pre-recorded extended audio (hereafter referred to as narrative-based),
and an open, conversational modality in which visitors ask free-form spoken questions processed by a
generative AI system (hereafter referred to as a conversational AI system). Through this comparison,
the study will examine differences in usability, interpretive autonomy, and overall user preference. The
findings are expected to contribute to ongoing efforts to design inclusive, trustworthy, and multimodal
museum technologies. This paper presents the system design and the planned evaluation protocol; the
user study is currently ongoing and is reported here as forthcoming work to invite early feedback from
the community.

2. EMusA Development

The system was developed through a co-design process involving the local museum, members of the
BLV community, and graduate students from the Information Systems and Occupational Therapy
departments at the University of Haifa. Guided by participatory and user-centered design principles, the
project was situated within a multidisciplinary course that treated the museum as a “living laboratory” for
accessibility innovation. Stakeholders contributed at each stage, from conceptual framing to prototyping
and content development, ensuring that the resulting interface aligned with both curatorial standards
and the experiential needs of BLV visitors. The prototype centers on the exhibition theme Women’s
Status in Antiquity and consists of a rotating wooden stand containing four 3D-printed tactile replicas
drawn from the museum’s archaeological collection (Figure 1). Each replica is housed in an individual
compartment and can be lifted for hands-on exploration. A microswitch beneath each compartment
detects object removal and triggers a pre-recorded AD, providing an immediate, stable baseline of
accessible information. The kit supports two distinct modes of interaction, which the study will compare
empirically. (1) The first mode: Narrative Mode — offers structured, curator-approved ADs. For two
of the artifacts, users may receive additional layers of information by pressing a physical button on
the front panel; each press reveals a new thematic layer, such as historical context, material culture
associations, or interpretive insights. This linear, progressively layered design reflects established best
practices in AD and emphasizes accuracy, coherence, and curatorial fidelity. (2) The second mode
supports a more open-ended interaction paradigm using a conversational AI system. For the remaining
two artifacts, pressing the same button activates a speech-to-text prompt that invites visitors to ask a
free-form question. The query is processed by a generative AI model trained on museum-approved
textual sources relating to women’s roles and material culture in antiquity. The system then returns
a spoken, contextually relevant response. Unlike the fixed layers of Narrative Mode, this interaction
offers adaptive, visitor-driven exploration and allows BLV users to follow their own curiosities or seek
clarification in real time.

Designing EMusA as an intelligent conversational museum guide required orchestrating multiple
AI and system platforms within a unified interaction loop. The system combines OpenAI Whisper for



real-time speech recognition, GPT-4o for dialogue generation and reasoning, and multilingual text-to-
speech services (ElevenLabs and Narakeet), while continuously integrating asynchronous sensor events
from an ESP32 microcontroller. These components operate across heterogeneous layers — including
embedded firmware, a FastAPI-based backend, and a React web client — each introducing distinct timing,
state, and reliability constraints. Maintaining coherent, artifact-specific dialogue therefore depends on
tightly coupling physical interaction events with conversational context management and language-
aware response generation. This cross-platform coordination illustrates the complexity of deploying
conversational AI as an intelligent user interface embedded in a physically situated, accessibility-critical
museum environment.

Figure 1: A dual-modality AD system. Upon selecting an artifact, the system assigns the corresponding
compartment to one of two interaction modes: narrative playback or AI-based conversational interaction.

3. Study Design (Future Work)

The planned study will employ a mixed-methods, within-subjects design to examine how BLV museum
visitors will prefer to access supplementary information about tactile exhibits using a multisensory
interactive interface. The study will compare two modes of interaction: a closed Narrative Mode
modality, and an open conversational AI modality. Approximately thirty BLV participants will be
recruited to take part in this evaluation.

Before the interaction, participants will complete a demographic and background questionnaire
that will record age, gender, vision profile, age of onset of blindness or visual impairment, and Braille
literacy. The questionnaire will also assess prior familiarity with museum accessibility tools such as
tactile models, raised-line images, embossed books, and braille displays, as well as their experience
with screen readers, AD, voice assistants, and chatbot or AI-based systems. Participants will further
rate their general confidence in using digital technologies, their comfort with voice-based interactions,
and their expectations regarding clarity, accessibility, and autonomy during a museum visit. This pre-
intervention phase will establish baseline characteristics and capture participants’ initial expectations
prior to encountering the system. Participants will be encouraged to explore the objects freely and to
engage with the information pathways according to their preferences. To avoid response bias, they will
receive a neutral explanation of the study’s purpose without disclosing the specific research question
being examined.

After completing the interaction, participants will fill out a detailed post-intervention questionnaire
evaluating their experience with both interaction modalities. They will assess perceived usability,
clarity of operation, ease of triggering information, and the extent to which the audio instructions were
understandable. They will also report how effectively each modality supported their understanding



of the exhibits, whether they felt in control of the pace and depth of information, and whether the
system addressed their personal needs as BLV visitors. Additional items will measure feelings of self-
efficacy, including perceived independence during use, confidence in requesting additional information,
and the likelihood of using similar technologies in future museum contexts. Participants will finally
compare their actual experience with their initial expectations and provide qualitative feedback through
open-ended questions regarding what they enjoyed, what they found challenging, which elements they
would improve, and which type of interaction they preferred.

All interactions with EMusA will automatically logged, enabling qualitative analysis through the
capture of time-stamped interaction events per artifact, user-initiated queries, system errors, and
overall engagement patterns to support detailed examination of user behavior. The collected data will
subsequently be analyzed using quantitative and qualitative approaches. Likert-scale responses will
be examined to compare usability, comprehension, and self-efficacy across the two modalities, and
engagement while open-ended responses will be thematically analyzed to identify recurring needs,
preferences, and barriers. This study will allow us to characterize how BLV visitors engage with closed
versus open information structures in a multisensory interactive museum environment and will inform
the design of future accessible, conversational, and tangible museum interfaces.

4. Expected Outcomes

We expect that BLV participants will find the use of 3D-printed tactile artifacts engaging and experi-
entially enriching, contributing positively to their overall museum experience. The combination of
a physical interaction button and speech-based input is anticipated to be intuitive and comfortable,
drawing on participants’ prior familiarity with voice-controlled interfaces. We further hypothesize that
participants with previous experience using conversational AI systems (e.g., smart voice assistants such
as Alexa or Siri) will demonstrate more fluent and natural interaction patterns in the conversational
AI mode compared to participants with limited prior exposure to such technologies. During AI-based
interaction, we expect visitors to primarily ask artifact-related and contextually relevant questions,
indicating appropriate use of the system rather than exploratory or off-task behavior. Finally, we antici-
pate variability in user preferences between interaction modes: while some participants may favor the
clarity and structure of pre-recorded narrative descriptions, others are expected to prefer the flexibility
of open-ended conversational interaction that allows deeper inquiry and personalized exploration. This
contrast will provide insights into how different interpretive strategies support autonomy, engagement,
and learning in accessible museum interfaces.
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