1.1

Virtual reality (VR) has emerged as an innovative technology that offers immersive and
interactive experiences across various domains, including entertainment, education,
training, and healthcare. In recent years, VR gaming has gained significant popularity,
captivating players with its ability to transport them into virtual worlds and provide a
heightened sense of presence and engagement. Central to the success of VR games is
the design and implementation of effective interaction modes that allow players to in-
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Abstract. Virtual reality (VR) games have gained significant popularity in recent
years, offering immersive and interactive experiences. The success of VR games
relies heavily on innovative interaction modes that enhance player engagement
and immersion. This paper explores the concept of innovative interaction modes
in VR games and their impact on player experiences. We examine various forms
of interaction modes, including gesture-based controls, motion tracking, and hap-
tic feedback, and analyze their effectiveness in enhancing gameplay. Further-
more, we discuss the challenges and opportunities in designing and implementing
innovative interaction modes. Through a comprehensive review of existing re-
search and case studies, this paper provides insights into the potential of innova-
tive interaction modes to revolutionize the gaming industry. The findings under-
score the importance of continuous innovation and experimentation to create
compelling and immersive VR game experiences. By understanding and lever-
aging these innovative interaction modes, game developers can deliver more en-
gaging and memorable gameplay, transforming the way players interact with vir-
tual worlds. In this study, we conducted a prototype system to evaluate the impact
of innovative interaction modes on player engagement and gameplay experiences
in VR games. We developed two different interaction modes: gesture-based con-
trols and in-game control tool.
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Introduction

Background

teract with the virtual environment and game mechanics.



The traditional modes of interaction in video games, such as keyboard and mouse or
gamepad controls, may not fully leverage the immersive potential of VR. As a result,
game developers have been exploring and implementing innovative interaction modes
to enhance the player experience and create more intuitive and immersive gameplay.
These interaction modes utilize the unique capabilities of VR devices, such as hand
tracking, gesture recognition, motion controllers, and haptic feedback, to enable natural
and immersive interactions within the virtual world.

The objective of this research paper is to explore the concept of innovative interac-
tion modes in VR games and examine their impact on player engagement and gameplay
experiences. By understanding and evaluating the effectiveness of these modes, game
developers can make informed decisions in designing and implementing VR games that
provide captivating and immersive experiences for players.

Specifically, this paper aims to:

e Identify and categorize different types of innovative interaction modes used in VR
games.

e Assess the impact of these interaction modes on player engagement, presence, and
enjoyment.

e Examine the challenges and opportunities in designing and implementing innovative
interaction modes in VR games.

e Provide insights and recommendations for game developers to create compelling and
immersive VR gaming experiences.

The study of innovative interaction modes in VR games holds significant relevance and
implications for the gaming industry, academic research, and the broader field of virtual
reality. By investigating and understanding the impact of these modes, this research
contributes to the advancement of VR game design and provides valuable insights for
game developers, researchers, and practitioners.

Furthermore, this research contributes to the academic discourse on VR gaming and
interaction design. By examining the impact of innovative interaction modes, this study
expands our understanding of the factors that contribute to player engagement and im-
mersion in virtual environments. The findings can serve as a foundation for further
research in this area and stimulate discussions on the design and implementation of
interaction modes in VR games. The rest of this paper is organized as follows: In the
next section, we review relevant literature on VR gaming and the importance of inter-
action modes in enhancing player experiences. This is followed by a theoretical frame-
work that conceptualizes innovative interaction modes and discusses their significance
in VR game design. The methodology section details the research design, participant
recruitment, and data collection procedures. Subsequently, we present the results of our
study, followed by a discussion of the findings and their implications. Finally, we con-
clude the paper by summarizing key findings, highlighting contributions to the field,
and providing recommendations for future research and game development practices.



2 Related Work

2.1 Background

Virtual reality gaming has gained significant attention in recent years due to its potential
to provide highly immersive and interactive experiences. VR technology offers a sim-
ulated environment that enables users to interact with three-dimensional virtual worlds
using specialized headsets and controllers. This immersive nature of VR gaming holds
promise for creating more engaging and realistic gameplay experiences [1].

Research in the field of VR gaming has focused on exploring various aspects of
player experiences, such as presence, immersion, enjoyment [2], and flow. Presence
refers to the feeling of being physically present in the virtual environment, while im-
mersion refers to the extent to which the user feels psychologically absorbed in the
virtual world. These factors contribute to the overall enjoyment and engagement of

players [3][4][5].
2.2 Interaction Modes in VR Games

Interaction modes play a crucial role in shaping the player's experience in VR games.
Traditional input methods, such as keyboard and mouse or gamepad controls, are often
inadequate for fully exploiting the immersive potential of VR. As a result, game devel-
opers have been exploring innovative interaction modes that leverage the capabilities
of VR devices, such as hand tracking, gesture recognition, motion controllers, and hap-
tic feedback [6][7].

Gesture-based controls allow players to use their hand movements and gestures to
interact with objects and navigate within the virtual environment. This mode enables
more intuitive and natural interactions, enhancing the sense of presence and immersion.
Motion controllers, such as handheld devices with built-in sensors [8][9], provide pre-
cise tracking of the player's hand movements, enabling realistic interactions and object
manipulation.

Voice recognition is another innovative interaction mode that allows players to use
voice commands to control the game. This mode offers hands-free interaction and can
be particularly useful in games that require verbal communication with virtual charac-
ters or complex command inputs.

Haptic feedback technology provides physical sensations [17] or vibrations to sim-
ulate the sense of touch and enhance the realism of interactions [10]. This mode can
add a new dimension to gameplay by providing tactile feedback, such as the sensation
of objects or virtual environments.

2.3  Impact of Innovative Interaction Modes on Player Engagement

Several studies have investigated the impact of innovative interaction modes on player
engagement and gameplay experiences in VR. Research has shown that these modes
can significantly enhance player immersion, presence, and enjoyment compared to tra-
ditional input methods.



Gesture-based controls have been found to provide a more intuitive and natural way
of interacting with the virtual environment. Players report a greater sense of agency and
physical presence [18], leading to increased engagement and enjoyment. The ability to
reach out and grab objects or perform gestures that correspond to in-game actions en-
hances the sense of embodiment within the virtual world.

Voice recognition has shown promise in enabling seamless and immersive interac-
tions. Players find voice commands to be convenient and immersive, as they can com-
municate with virtual characters or control the game without the need for physical input
devices. This mode can facilitate more natural and expressive communication in VR
games, enhancing the overall gameplay experience.

Motion controllers, with their precise tracking capabilities, offer realistic hand inter-
actions and object manipulation. Players feel a sense of control and agency as they
physically reach out and manipulate virtual objects. This mode enhances the immersion
and embodiment within the virtual world, leading to heightened engagement and en-
joyment.

Haptic feedback has the potential to enrich gameplay experiences by providing real-
istic tactile sensations [17]. Players experience a stronger sense of presence and immer-
sion when they can feel the virtual environment or receive feedback through vibrations.
Haptic feedback can enhance the realism of interactions and contribute to a more en-
gaging and immersive gameplay experience.

While there has been significant progress in understanding the impact of innovative
interaction modes in VR games, there are still gaps and limitations in the existing re-
search that warrant further investigation.

Firstly, many studies have focused on the immediate effects of different interaction
modes on player engagement and enjoyment during gameplay sessions. However, there
is a need to examine the long-term effects and sustainability of these modes over ex-
tended play durations. Understanding how players' experiences evolve and adapt over
time can provide insights into the long-term effectiveness and potential challenges as-
sociated with innovative interaction modes.

Secondly, most research has primarily examined the subjective experiences and per-
ceptions of players through self-report measures. While self-report measures offer val-
uable insights, objective measurements and performance metrics can provide a more
comprehensive understanding of player engagement and gameplay experiences. Incor-
porating physiological measures, eye-tracking, or behavioral analysis can offer addi-
tional quantitative data to complement the subjective feedback provided by players.
Furthermore, the majority of studies have focused on specific genres or types of VR
games, limiting the generalizability of the findings. Exploring a wider range of game
genres and contexts can provide a more comprehensive understanding of the impact of
innovative interaction modes across different game experiences. Additionally, investi-
gating the preferences and experiences of diverse user groups, including individuals
with varying levels of gaming experience or different demographic backgrounds, can
provide insights into the effectiveness and accessibility of these modes for a broader
audience [17] [18].



Lastly, the design and implementation of innovative interaction modes require careful
consideration of technical constraints, such as hardware limitations, software compati-
bility, and development resources. Future research could explore the technical feasibil-
ity and challenges associated with implementing these modes in real-world game de-
velopment scenarios. Understanding the practical considerations and potential barriers
can assist game developers in effectively integrating innovative interaction modes into
their projects.

The existing research suggests that these innovative interaction modes can enhance
player immersion, presence, and enjoyment in VR games compared to traditional input
methods [16]. However, there are gaps and limitations in the current body of research,
such as the need for long-term investigations, objective measurements, wider game
genre exploration, diverse user group analysis, and consideration of technical con-
straints.

3 Theoretical Framework

The theoretical framework section aims to provide a conceptual foundation for under-
standing the role and significance of innovative interaction modes in VR game design.
It explores theoretical perspectives and frameworks that inform the design and imple-
mentation of these modes, as well as their influence on player engagement and game-
play experiences.
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Fig. 1. The theoretical framework

3.1 Presence and Immersion

Presence and immersion are two key concepts that underpin the theoretical framework
of this study. Presence refers to the subjective feeling of being physically present in a
virtual environment, while immersion refers to the extent to which an individual be-
comes psychologically absorbed in the virtual world. These concepts are fundamental
to understanding the impact of innovative interaction modes on player experiences.
According to the presence theory, a high level of presence is essential for creating a
sense of realism and engagement in virtual environments. It is influenced by various
factors, including sensory feedback, interactivity, and the extent to which the virtual
world aligns with users' expectations and cognitive processes. The use of innovative



interaction modes can enhance the sense of presence by providing more natural and
intuitive ways of interacting with the virtual environment.

Immersion, on the other hand, is associated with the depth and richness of the virtual
experience. It involves the feeling of being fully engrossed in the virtual world and
losing awareness of the physical environment. Innovative interaction modes can con-
tribute to immersion by enabling more realistic and embodied interactions, enhancing
the player's sense of agency and involvement within the virtual environment.

3.2 Flow Theory

Flow theory, developed by Csikszentmihalyi, provides insights into the psychological
state of optimal engagement and immersion in an activity[11]. Flow is characterized by
a deep sense of focus, enjoyment, and a feeling of being fully absorbed in the task at
hand. It occurs when the challenges presented in the activity match the individual's
skills and abilities.

In the context of VR gaming, innovative interaction modes can facilitate the experi-
ence of flow by providing a seamless and intuitive interaction process. When the play-
er's actions and inputs align with the virtual environment's feedback and challenges, a
state of flow can be achieved. This leads to enhanced enjoyment, sustained engagement,
and a sense of accomplishment.

Embodiment and agency are key aspects of player experiences in VR games and are
closely related to the effectiveness of innovative interaction modes. Embodiment refers
to the feeling of being physically present and connected to a virtual body or avatar. It
involves the perception of bodily sensations, movements, and interactions within the
virtual environment[12][13][14].

Innovative interaction modes, such as gesture-based controls and motion tracking,
enable a greater sense of embodiment by allowing players to use their own body move-
ments to interact with the virtual world. This embodiment can enhance the player's
sense of presence and immersion, as they perceive the virtual body as an extension of
their own. Agency, on the other hand, refers to the sense of control and influence over
the virtual environment. Innovative interaction modes that offer precise tracking and
responsive feedback enable players to have a greater sense of agency, as their actions
directly impact the virtual world. This sense of agency contributes to player engage-
ment and satisfaction.

3.3  Cognitive and Emotional Engagement

Cognitive and emotional engagement are important dimensions of player experiences
in VR games. Cognitive engagement involves mental processes such as attention, prob-
lem-solving, and decision-making. Innovative interaction modes can enhance cognitive
engagement by providing more intuitive and immersive interactions that require active
mental involvement.

Emotional engagement, on the other hand, refers to the player's emotional responses
and attachment to the virtual experience. Innovative interaction modes that elicit emo-
tional reactions, such as joy, excitement, or fear, can enhance the emotional engagement



of players. This emotional engagement contributes to the overall enjoyment and mem-
orable experiences in VR games.

4 Proposed Interaction mode and Prototype System

4.1 Theoretical Framework

The theoretical framework provides a conceptual lens for understanding the impact of
innovative interaction modes in VR games. It explores key theoretical perspectives such
as presence, immersion, flow theory, embodiment, agency, cognitive engagement, and
emotional engagement. These concepts help frame the understanding of how innovative
interaction modes influence player experiences in VR games.

The proposed interaction mode has two key parts, all shown in Figure 2:

¢ Gesture-based controls: offer the benefits of providing a more embodied interac-
tion experience, allowing users to engage in actions and expressions that are closer
to real-world counterparts. This control method also offers increased freedom and
expressiveness, enabling users to interact with digital content, virtual worlds, or ap-
plications in a more natural and intuitive manner. Designing gesture-based controls
involves considerations for gesture recognition and interpretation to understand the
user's intentions and translate them into appropriate actions. This involve technolo-
gies such as machine learning, computer vision, sensor technologies, and algorithms.

¢ In-game Control tool: has implications for gameplay mechanics, player immersion,
and overall game design. By accurately recognizing and responding to the player's
use of tools, the game can provide a more dynamic and interactive experience, al-
lowing players to fully utilize the available tools and enhance their engagement with
the game world. Proposed system implements specific algorithms to handle in-game
tool recognition based on the game's design and mechanics. This allows for more
precise and context-aware interactions, enabling players to fully leverage the func-
tionalities and possibilities offered by the in-game tools.
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Fig. 2. Game system architecture

4.2  Prototype Implementation

In the hardware and software architecture, it includes a virtual reality (VR) headset, the
game program main body, and Arduino sensing devices. Our project implements the
following features:

Arduino Communication Module.
VR Control Module.

Character Control Module.

UI Module.

Monster AI Module.

Arduino Interfacing Devices: Utilizing Arduino devices to interface with Unity for

achieving a multiplayer-operable VR effect. To connect Arduino to Unity, follow these
steps:

1.

Ensure that your Arduino board is properly connected to your computer and func-
tioning correctly. Make sure you have the correct drivers installed and the Arduino
IDE set up.

. Create a new project or open an existing project in Unity.
. Download and install the Arduino connection package for Unity. You can find the

relevant package from platforms like the Unity Asset Store or GitHub. These pack-
ages typically provide APIs and tools for communication with Arduino.

. Create a script in Unity for serial communication. You can use the C# programming

language to write this script. This script will handle the communication with Ar-
duino, such as reading or writing data.

. Set up and manage the serial communication using the SerialPort class in Unity. This

class provides a range of methods and properties to communicate with Arduino
through the serial port.

. Use your script in Unity to configure the parameters for serial communication, such

as the serial port number, baud rate, and data format.

. Use the appropriate methods in your script to send or receive data to/from Arduino.

You can send commands to Arduino through the serial communication and read sen-
sor data or other feedback from Arduino.

. Test and validate the connection. Run your Unity scene or application to ensure that

Unity can communicate correctly with Arduino. Check for any communication er-
rors or warnings in Unity's console or logs.
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Fig. 3. Proposed communication module.

5 Conclusion

In this study, we explored the impact of innovative interaction modes in VR games,
specifically focusing on Gesture-based Controls, In-game Control tool, and Handheld
Controllers. The findings of this research contribute to our understanding of player ex-
periences and provide insights for game designers and developers in creating immersive
and engaging VR gaming experiences.

In conclusion, this research contributes to the field of VR game design by examining
the impact of innovative interaction modes on player engagement, immersion, and pres-
ence. By considering the strengths and limitations of different modes, game designers
can create more immersive and captivating experiences for players. Future research
should continue to explore and refine interaction modes to enhance player experiences
and push the boundaries of VR gaming. With the continued advancements in VR tech-
nology, there are exciting opportunities to create more immersive and interactive expe-
riences that captivate players and elevate the gaming industry.
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