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Introduction

In this work, we present an Augmented Reality Theatre System, exemplifying the benefits of using
new technologies for enhancing audience engagement and directors’ creative practice. Our work aims
to improve accessibility for an international and diverse audience through personalized captions and to
creatively support a new generation of directors through hybrid multimedia. To achieve that, we design
and develop a system using augmented reality (AR) and machine learning (ML) technologies. In this
paper, we present the personalized captions feature of the system. This work has been undertaken in
the context of VOXReality (www.voxreality.eu), a European Union-funded Research and Innovation
Action.

Motivation

Our goal is to make the theatre-going experience more accessible to a wider audience through
the provision of accurate, real-time, customizable captions, translated into the viewer’s preferred
language. This is an especially relevant need for cultural works in languages with small speaker
communities, like Greek, and even more important for historical works, such as Ancient Greek plays. To
support this goal, we opted to use AR for content delivery following literature recommendations, and
ML for the generation, synchronization and translations of the captions to provide automation as well
as extended language support over the current practice.

Related Work & Background

The established practice for theatre caption delivery has two formats: open captions, displayed on
large screens or projected on stage, and closed captions, delivered on viewers' smartphones or
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dedicated devices. Closed captions offer improved accessibility because they can support customization
options. Closed captions delivered in AR can offer an improved user experience by allowing the user to
focus on a single visual frame, potentially reducing mental workload (Rzayev et al., 2018, 2020). Related
work in AR captioning for theatre includes the SmartSubs' project by Institute of Informatics &
Telecommunications (IIT) at NCSR Demokritos, and the Thearto Project? which also investigated
audiovisual effects in the performance. The Royal National Theatre in London, UK has already
established a monocular AR closed captions system as part of their public accessibility initiative®.
Industry solutions that support ML generated AR captions, like XRAI4 are also appearing. This work aims
to improve closed AR captions for theatrical performances by investigating optimized ML workflows
and extended user customization options for AR display.

System Description

Our system uses a server-client architecture adopting a secure WebSocket protocol for
communication between server-client and a secure REST API for communication with the ML models,
developed in VOXReality (Maniatis et al., 2023). The server directs the audio signal from the stage’s
microphones to the ML model and distributes the text responses to the XR clients in the audience for
AR display. The ML model (Issam et al., 2024; Maka et al., 2024) uses a transformer architecture and
performs audio transcription and text matching to provide pre-formatted captions, ensuring the least
latency and best accuracy, in addition to executing translation demands. All VOXReality ML models can
be found available online, promoting Open Science®.
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Figure 31. System Architecture for AR Theatre.

Figure 31 describes the system architecture. The AR application allows the user to customize the
caption display extensively for improved readability and additionally displays audiovisual effects, as
designed and orchestrated by the theatrical director. Figure 32 presents screenshots of the AR
application user interface for caption customization and placeholder AVFXs that were used during
evaluation.
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Figure 32. Left: screenshot from AR customization UI. Right: screenshot from caption display
Evaluation

The first user evaluation was completed in May 2024 in Athens, Greece with 12 users recruited
through email invitations with users attending a live performance of an excerpt of the Ancient Greek
play ‘Hippolytus’ by Euripides. The focus was on estimating users’ behavioural intention toward this
system. Alongside that, other parameters of usability (System Usability Scale (Lewis, 2018), NASA Task
Load Index (Hart, 1986) and Simulator Sickness Questionnaire (Kennedy et al., 1993)) were evaluated,
and a semi-structured interview in pairs of participants was performed to capture more nuanced
feedback. Application data logs were used to contextualize user responses and were complemented by
facilitator observations. Questionnaire results were analysed using statistical analysis and the interview
transcripts using thematic analysis (Clarke & Braun, 2017). The second user evaluation will be delivered
in May 2025 and will be advertised for user recruitment on public communication channels.

Results & Discussion

Despite being at an early technical and aesthetic level, the initial evaluation was decisively positive
with users stating that they would be interested in attending this form of theatre in real conditions and
that they saw practical benefit and artistic merit in the provided features. Negative feedback was focused
on the technical performance of the system and the learning curve of the AR application. Table 4
presents a summary of key results focusing on the custom Behavioural Intention Questions - the
extended results of the full evaluation are beyond the scope of this paper. Redesign for pilot 2 will
address the initial user feedback and provide a renewed evaluation.

Table 4. Pilot 1 results on Behavioural Intention Questions

Question Mean Standard Deviation Median
Recommend AR theatre 4.3 1 5
Prefer dynamic subtitles 3.3 0.9 3.5
Prefer static subtitles 3.8 1 4
Would like more VFX 4.5 0.7 5
General Experience rating 4.3 0.5 4
Conclusion

This work showcases the potential of augmented reality and machine learning to address the needs
of diverse audiences and offer a more inclusive augmented theatre experience. The initial evaluation of
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our system demonstrated promising user engagement and interest, while also revealing areas for
technical improvement. The redesign of the system for the next pilot will aim for improvements in
latency, accuracy and translation quality for the ML components, and a more user-friendly experience
for the AR components. As we move toward the next iteration of user testing, outcomes are expected
to advise theatres’ guidelines for performances of international appeal, provide tested technical
solutions for wider adoption, and future research recommendations for blending cultural heritage with
cutting-edge technology.
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