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Abstract: This article presents a guided virtual reality (VR) simulation for the assembly of a robotic arm, 
developed in Unity 3D using the VR Builder framework. The simulation is designed for educational 
and training purposes, targeting engineers and technical professionals seeking an interactive 
understanding of mechanical assembly processes. It runs on the Meta Quest 3 headset in full VR 
mode, using controllers for object interaction. The primary aim is to demonstrate how immersive 
environments can enhance comprehension of part functionality and assembly order through 
intuitive interaction and audio guidance. The simulation consists of a short assembly sequence 
involving the basic components of a robotic arm. As the user progresses through the steps, audio 
instructions are triggered automatically to explain each part's name, purpose, and placement. These 
instructions are generated using text-to-speech tools, ensuring clarity and consistency. Although 
the simulation covers a simplified process, it serves as a proof of concept for more complex systems 
with larger assemblies. By combining spatial interaction with contextual audio cues, the simulation 
offers an engaging training method that can be expanded for industrial or educational use. The 
project also explores the practical potential of VR-based instruction for environments where hands-
on access to real equipment is limited. Future development will focus on integrating hand-tracking 
to provide a more natural and accessible user experience.
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1. Introduction

Virtual reality (VR) has become an increasingly important tool in industrial training, 
offering safe, cost-effective, and immersive environments where operators can practice 
assembly, maintenance, or troubleshooting tasks without real-world risks. While many 
VR simulations focus on accurate 3D modeling and interactive functionality, an equally 
critical element for effective training is audio guidance. Clear and well-structured 
instructions can significantly improve the learning experience by providing immediate 
feedback, guiding users step by step, and reinforcing the meaning and purpose of 
individual components [1].

The importance of audio guidance becomes even more apparent when considering 
the diversity of trainees. Not all operators share the same background knowledge, learning 
speed, or familiarity with the machinery. Visual instructions alone may be insufficient, 
especially in complex assemblies where understanding both procedural steps and the 
functional roles of parts is essential. Audio guidance helps overcome these barriers by 
combining instruction with explanation, ensuring that users not only know what to do 
but also why each step matters [2].

Despite these advantages, implementing audio instructions in VR simulations is 
not always straightforward. Developers must choose between generating speech 
dynamically, which ensures flexibility but may be limited in voice quality, or preparing 
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pre-recorded audio, which allows for greater 
customization but increases production time. 
This article presents two practical approaches to 
integrating audio guidance into Unity VR projects, 
using a robotic arm assembly simulation as a case 
study. The goal is to demonstrate how structured 
audio can enhance training effectiveness and serve 
as a foundation for larger, more complex applications 
in the future [3].

2. Methods of Implementation 
The integration of audio guidance into VR 

simulations requires a clear design strategy to ensure 
that instructions are delivered at the right time and in 
the right format. In Unity, there are multiple ways to 
achieve this, but in practice, two methods stand out 
as practical and accessible for developers: generating 
audio dynamically with the operating system’s built-
in text-to-speech engine, or pre-generating audio 
files externally and importing them into the project.

Both methods follow a similar overall workflow: 
a step or event is completed within the simulation, 
which triggers the playback of the corresponding 
audio instruction. The difference lies in how the 
audio is created and managed. The built-in text-to-

and customization.
To illustrate the decision-making process and 

workflow, Fig. 1 presents a flowchart comparing 
the two implementation strategies. This diagram 
highlights the parallel steps and the points at which 
the two approaches differ.
2.1 Windows Built-In Text-to-Speech (TTS) Integration

The first approach uses the built-in text-to-
speech functionality available in the Windows 
operating system. In this method, the text of the 
instruction is written directly in the Unity project 
(Fig. 2). When the user completes a step in the VR 
Builder framework, the text is sent to the Windows 
TTS engine, which generates speech dynamically. 
This audio is then played through an AudioSource 
in Unity [4].
–  Advantages: Quick to implement, flexible, no need to pre-record 
audio. Any changes to instructions can be updated instantly by editing 
text.
–  Limitations: Limited voice quality and naturalness; availability of 
voices depends on the operating system; requires the application to 
run on Windows.

Figure 1: Workflow of audio guidance implementation methods

Figure 2: Text-to-Speech Settings in Unity

2.2 External TTS to MP3 Integration
The second approach uses external text-to-

speech software or online services to generate 
speech from text. The resulting audio files are 
saved in MP3 format, named according to their 
corresponding steps, and imported into Unity (Fig. 
3). Each MP3 file is linked to an AudioSource and 
triggered automatically when the step is completed 
in VR Builder [5].
–  Advantages: High-quality voices, customizable tone, speed, and 
language options. The resulting audio can be reused across projects.

speech option prioritizes speed and flexibility, while 
the external MP3-based approach prioritizes quality 
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–  Limitations: Requires additional time to generate and manage 
audio files. Editing instructions involves regenerating audio files.

Both methods are compatible with the step-and-
chapter structure of VR Builder. The system ensures 
that once a step is completed, the corresponding 
audio instruction is triggered automatically, 
providing immediate guidance for the next action 
[6].

instructions provide both procedural guidance 
(e.g., which part to pick up, where to place it) and 
conceptual explanations (e.g., the function of the 
part, why it is positioned at a specific location).

The robotic arm simulation is structured as a 
sequence of individual steps, each representing a 
specific action in the assembly process. Users must 
complete each step before the corresponding audio 
instruction is triggered, ensuring that guidance is 
delivered at the correct moment and reinforcing 
correct task execution. This behaviour is consistent 
across both audio implementation methods, 
whether using built-in Windows text-to-speech or 
external pre-recorded MP3 files.

Steps are organized in a logical order, with each 
one connected to the next, forming a continuous 
workflow. The step connections ensure that 
instructions are delivered sequentially, preventing 
users from skipping actions and supporting a clear 
learning path. Fig. 5 illustrates how the steps are 
arranged and linked within Unity using VR Builder, 
showing the automatic triggering of audio as user’s 
progress through the simulation.

Figure 3: MP3 Integration into Unity

3. Practical Demonstration in Unity VR
To demonstrate the two approaches to audio 

implementation, a short VR simulation was created 
in Unity, focusing on the basic assembly of a robotic 
arm (Fig. 4). The project was developed using the VR 
Builder framework, which structures the simulation 
into steps and chapters. Each step represents a 
single action performed by the operator, and once 
the step is completed, the corresponding audio 
instruction is triggered automatically [7].

The virtual environment was designed for 
the Meta Quest 3 headset and is fully immersive, 
using controllers for interaction. At the start of the 
simulation, the operator teleports to the designated 
workspace, where all robotic arm components are 
placed on a table. Each part is labelled with a virtual 
name tag to support recognition and orientation. 
As the operator proceeds through the steps, audio 

Figure 5: Sequence of Steps

Figure 4: Basic Assembly of a Robotic Arm
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4. Conclusions 
This article presented two practical approaches 

for integrating audio guidance into Unity-based VR 
simulations, demonstrated through a robotic arm 
assembly scenario. Both methods—using built-in 
Windows text-to-speech and external pre-recorded 
MP3 files—enable stepwise audio instructions 
that provide users with procedural guidance and 
conceptual understanding of component functions. 
By linking audio playback to the completion of 
specific steps, the system ensures that trainees 
receive instructions at the right moment, enhancing 
learning efficiency and comprehension.

The case study illustrates that even a relatively 
simple simulation can serve as a scalable framework 
for more complex industrial applications, including 
multi-part machinery or larger training programs. 
The structured step-and-chapter approach, 
combined with automated audio, demonstrates 
how VR simulations can bridge the gap between 
visual interaction and conceptual learning.
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