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Abstract

In the evolving landscape of digital childhood, ensuring safe environments within the Extended Verse (XV) is essential for preventing trauma
and fostering positive experiences. This paper proposes a conceptual framework for the integration of advanced emotion recognition
systems and physiological sensors with virtual and augmented reality technologies to create secure spaces for children. The author presents
a theoretical architecture and data flow design that could enable future systems to perform real-time monitoring and interpretation of
emotional and physiological responses. This design architecture lays the groundwork for future research and development of adaptive,
empathetic interfaces capable of responding to distress signals and mitigating trauma. The paper addresses current challenges, proposes
innovative solutions, and outlines an evaluation framework to support an empathic, secure and nurturing virtual environment for young
users.
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1. Introduction

The United Nations Convention on the Rights of the Child stands as a cornerstone in safequarding the well-being of children
worldwide. With its 54 articles encompassing every aspect of a child’s life, the Convention establishes a comprehensive framework of
civil, political, economic, social, and cultural rights!'l. These rights, universal and indivisible, apply to every child without
discrimination and place a responsibility on adults and governments to ensure their fulfilment. As we venture into the realm of
extended reality and virtual worlds, it becomes imperative to translate these fundamental rights—including the right to play, freedom
of expression, safety from violence, and protection of identity—into new digital landscapes.

The Extended Verse’s (XV) immersive nature amplifies user experiences, both positive and negative. Its heightened sense of presence
can deepen learning and social connections, but it also intensifies the impact of harmful encounters, potentially leading to lasting
traumal>’l, This dichotomy necessitates a proactive approach to safeguarding children in these digital realms.

This research explores innovative solutions at the intersection of technology and child protection within the XV and proposes
integrating advanced emotion recognition systems with physiological sensors to create intelligent, responsive, empathic
environments. The framework aims to detect and mitigate potential threats in real-time, fostering a safe space for young users to
explore, learn, and interact.

By leveraging machine learning and adaptive interfaces, we envision a framework that not only shields children from harm but also
enhances their digital experiences. This paper outlines a methodology for developing and evaluating a protective system, considering
both the technical challenges and the ethical implications of implementing such technologies in children’s digital lives.

Through this research, we aim to contribute to the creation of a more secure and enriching XV, where the potential of immersive
technologies can be harnessed for the benefit of young users, without compromising their safety or well-being.

2. Related Works

The rapid advancement of digital technologies has given rise to a complex landscape of immersive experiences, blending physical and
virtual realities. This text explores the concept of the XV, situating it within the broader context of virtual, augmented, and mixed
realities, as well as spatial computing technologies. This exploration serves as a foundation for understanding the challenges and
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opportunities presented by these evolving digital environments.

This complex landscape necessitates a clear definition of the XVI‘. XV is contextualized within the broader spectrum of virtual,
augmented, mixed realities and spatial computing technology, providing a framework to explore the future of digital interactions.
Virtual Reality (VR) immerses users in fully digital environments through specialized equipmentl®l. Augmented Reality (AR) overlays
digital content onto the real world without physical interactionl®. Mixed Reality (MR) enables interaction between real and virtual
objects!’l. XR, commonly known as extended reality, serves as a broad term encompassing various concepts, AR and VRI®l. According
to the framework presented by Rauschnabel et al., XR is more accurately used to denote xReality, with “x” representing a spectrum of
realities such as augmented, assisted, mixed, virtual, atomistic virtual, holistic virtual, or diminished!® . In this framework, VR
involves creating an artificial, user-centric environment that is enclosed in a 3D space, distinct from the physical world!®l. User’
experiences in VR range between atomistic and holistic virtual realities!®. AR is described as a hybrid experience where virtual
elements are contextually integrated with the user’s real-time physical environment through computing devices. This integration
results in a coexistence of digital and physical content, closely tied to the user’s surroundings!®Sl

Furthermore, the metaverse, as a concept, has emerged as a collective virtual shared space, created by the convergence of virtually
enhanced physical reality and physically persistent virtual spacel!®-!1], The World Economic Forum defines the metaverse as a future
persistent and interconnected virtual environment where social and economic elements mirror reality. Users can interact with it and
each other simultaneously across devices and immersive technologies while engaging with digital assets and property!'?.. Mann et al.
introduced the “XV” to describe a comprehensive vision of the digitally enabled realities, including VR, AR, MR and XR experiences.
The concept of XV, uses the analogy of “atoms versus bits” to highlight a significant paradigm shift!*. This shift reflects the transition
from a world dominated by physical atoms to one increasingly defined by digital bytes. The term XV provides a broader framework
for understanding the future of virtual worlds as a blend of organic (atoms) and computer-generated (bits) realities in which the
physical and the digital are blurred. The concept of XV is of value because it encompasses not only immersive technologies AR, VR,
MR, XR and the metaverse, but also a wider range of shared perceptual experiences, such as shared events, share experiences,
visceral movement, non-verbal communication, and emotional resonance of the human experiencel’l. It suggests an expansive,
collaborative sensory realm that mirrors the potential of shared experiences. In the context of children’s experiences, the shared
digital environment of the XV can enhance the ways they connect and play with others, regardless of physical location!!3.
Additionally, in these shared virtual spaces, children can use their bodies as direct interfaces for communication. With facial and
full-body tracking, interactions in the digital environment can mimic face-to-face communication, making it easier and more natural
for them to connect and express emotions. This includes the ability to express emotions and social engagement in social VR, as well
as use nonverbal communication methods like gestures, on one end such as fist bumps, high-fives, poking, to more personal shoulder
touches!!'!l, embraces, physical intimacy and sexual activities. The immersive nature of XV can make experiences feel more real and
impactfull!>16l,

Every day, millions engage with XV technologies, and projections indicate that the VR sector will expand to $20.9 billion by 2025,
while AR is expected to reach $77 billion. In 2022, global sales of VR headsets reached 8.8 million units, with Meta producing about
80% and ByteDance’s Pico headsets accounting for 10%. Other significant contributors to global sales include DPVR, HTC, iQIYI, and
Xreall'7l,

The demand for both VR and AR headsets is substantial. Meta has sold nearly 20 million Quest VR headsets to datel'sl. In May 2023,
Sony announced that its PSVR 2, a next-generation VR gaming headset, sold approximately 600,000 units in the first six weeks
post-launch, an 8% increase over its predecessor’s 450,000 units('?l. In the AR market, Xreal sold 100,000 devices in 2022 alone,
solidifying its status as the leading AR device company, with total sales exceeding 150,000 units!>°l,

Ownership of VR devices among children and young people is also on the rise. A Piper Sandler study from spring 2023, involving over
5,600 adolescents with an average age of 16.2 years, found that 29% owned a VR devicel?!l. This figure represents a 3% increase from
the previous year and a 12% rise since 2021, when a Common Sense Media survey reported that 17% of minors aged 8 to 18 owned a
VR headset[??.

The Institution of Engineering and Technology’s 2022 study also reveals that more than a fifth of 5 to 10-year-olds (21%) already have a
VR headset of their own or have asked for a similar tech present for their birthday or Christmas. Further, 15% of them were recorded
as saying they have already tried VR, while 6% said they use it on a regular basis!?.

Despite some scepticism regarding consumer engagement, interest in VR technologies continues to risel?’l. Meta, a dominant force in
the VR space, reported approximately 200,000 monthly active users in its virtual world, Horizon Worlds, by late 2022[8l, Although this
figure was below their internal goal of 500,000 users, it reflects a substantial user base exploring virtual environments. Meta has been
attempting to increase teenage XR usage in part by opening Horizon Worlds to children aged 13 to 17—children over the age of 13 are
already able to use Meta’s Quest headset!*!l,

AR is gaining traction, particularly in e-commerce with Snap’s AR-powered “Shopping Lens” have seen adoption, with over 250
million users interacting with these features more than 5 billion times between January 2021 and February 2022[%]. Pinterest’s “Try
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On” feature has also experienced growth, allowing users to visualize home decor items in their spaces before purchasing, with its
popularity more than doubling from 2020 to 2021[%°l. Users can engage with avatars, discuss products, and view items from multiple
angles, enhancing the shopping experience. Al-generated avatars capable of multilingual interactions further enrich this immersive
environment?7l,

Interest in virtual worlds such as Roblox, Minecraft and Fortnite continues to surge, with 350 million, 175 million and 75 million
monthly active users respectively!'%l. This growth is indicative of a broader trend where virtual worlds are becoming integral to
digital socialization and entertainment, particularly among younger demographics. The platforms’ success is mirrored by their
revenue generation and developer earnings, highlighting the economic potential of virtual worlds. Moreover, the launch of Roblox on
Meta Quest in October 2023[?%! further underscores the increasing demand for accessible and immersive virtual experiences.

Additionally, the collaboration between Disney and Epic Games marks a significant expansion in the realm of virtual entertainment,
as they aim to create an expansive game and entertainment universe connected to Fortnite. Disney’s investment of $1.5 billion in Epic
Games underscores the strategic importance of this partnership, which will leverage Epic’s Unreal Engine, a versatile 3D computer
graphics game used for creating video games, films, architectural visualizations, and other real-time applications, to integrate Disney
franchises such as Marvel, Star Wars, and Pixar into a persistent, open ecosystem. This initiative not only enhances the gaming
experience but also allows fans to engage with Disney’s stories and characters in innovative ways, reflecting the growing trend of
immersive digital worlds. The partnership builds on previous successful collaborations, including the Marvel Nexus War event in
Fortnite, and highlights Disney’s commitment to expanding its digital footprint through strategic alliances and cutting-edge
technology preparing to take, even its youngest users, into the XV[2%.,

Electronic Arts (EA), a prominent entity in the digital entertainment industry, has established a substantial global presence in the
interactive gaming sector3°! with successful VR gaming offerings including EA SPORTS FC, Madden NFL, and Need for Speed
contributing to sports fandom!*'l. Recent data indicate that EA’s user base has reached approximately 500 million individuals
worldwidel*?l, EA reports 150 million monthly active users and 50 million daily active users, the average play time per user is
estimated at 2 hours per day. EA’s approach to virtual worlds encompasses persistent online environments, user-generated content
platforms, and evolving game ecosystems. These statistics underscore EA’s substantial market reach and provide context for the
company’s ambitious goal to double its global audience to over one billion users within a five-year timeframel*?.

Furthermore, the child’s experience of education has been significantly transformed by the rapid evolution of technology in recent
years. The advancements in VR, which have introduced novel methods for content engagement for both educators and students[-34,
The potential benefits of these technologies have been well-documented in academic literature. For instance, they have been shown
to alleviate speaking anxiety among language learnersl®>], foster creative and critical thinking skills*°l, and enhance overall
engagement in the learning processt®’.

There is a growing body of academic literature exploring the use of XV in paediatric healthcare. Studies have demonstrated that VR
can effectively reduce pain and anxiety in pediatric intensive care units, offering immersive distractions during medical procedures
and facilitating engagement in physical therapy for childrenl*®l. MR applications have been found to improve engagement and
therapeutic outcomes in paediatric patients, enhancing the overall healthcare experiencel*l. Additionally, XV technologies are
increasingly utilized in medical education, enhancing training and patient education not only improving medical education for
healthcare providers but also offering interactive and engaging forms of patient education tailored to children!“0-#2,

The integration of XV technologies in these areas of children’s lives suggests a future where digital and physical realities seamlessly
blend, offering enhanced learning experiences, improved healthcare outcomes, and potentially new forms of social interaction and
entertainment. As these technologies continue to evolve, they are likely to become increasingly integral to children’s daily
experiences, shaping their understanding of and interaction with the world around them.

2.1 Regulator landscape and challenges

The global regulatory landscape for XV technologies presents numerous challenges for governments worldwide. One primary
obstacle is the lack of consensus on defining these technologies, particularly the “metaverse”. A recent study revealed over thirty
distinct definitions, highlighting the complexity of regulating a concept that lacks a unified understanding!**l. Another significant
hurdle is the issue of jurisdiction. XV platforms operate across borders, while regulations are typically confined to specific
jurisdictions. This discrepancy results in uneven legal protections for users globally. For instance, European citizens benefit from
robust data privacy laws, whereas residents in certain U.S. states with limited data privacy legislation have minimal safeguards!*!l. The
question of legal jurisdiction over XR-related offenses, especially when perpetrators are in different countries, further complicates
matters*.

At the federal level in the United States, there is a growing appetite to regulate XV technology, with over 60 bills containing
references to virtual, augmented, or mixed reality introduced in Congress. However, there are currently no comprehensive laws or
regulations specifically addressing the unique privacy and content moderation challenges posed by XV technologies!‘®l. The federal
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privacy framework in the United States is characterized by a collection of domain-specific statutes, such as the Fair Credit Reporting
Act, HIPAA, COPPA, GLBA, and FERPA. These laws are limited in scope, focusing on specific types of data and purposes rather than
providing comprehensive protection for all information types. For instance, while XV technologies can gather extensive sensitive
health-related data, HIPAA does not cover this data unless it is used within healthcare or insurance contexts. Consequently, many XV
hardware and software companies, including health and wellness apps, fall outside HIPAA’s jurisdiction, leaving the data they collect
unprotected!*’). Similarly, federal computer crimes law provides little recourse for harms like sexual harassment and bullying in
virtual worlds!*8l. Experts argue that Congress should reinforce the Federal Trade Commission’s mandate to protect consumers
against unfair and deceptive practices by XV platforms or create a new specialized federal body to regulate the technology!*’l.

Recent congressional efforts to protect children online have led to the introduction of several bills, including the Protecting Kids On
Social Media Act, the EARN IT Act, and the Kids Online Safety Act (KOSA)°°52l, While KOSA makes some explicit references to XV
environments, the applicability of content moderation provisions to XV platforms remains unclear due to potential limitations in the
definitions of “content” and “covered platforms”>?l. These proposed regulations may conflict with existing children’s privacy rights
under the COPPA, potentially exposing children to further privacy risks through age verification or content scanning processes(>3.

The United Kingdom’s approach to regulating XV technologies and metaverse-like environments is primarily centred around the
Online Safety Act (OSA), which targets social media companies and user-generated content platforms, “user-to-user service[s]”,
defined as “internet service[s] by means of which content that is generated directly on the service by a user of the service, or
uploaded to or shared on the service by a user of the service, may be encountered by another user, or other users, of the service”, but
it is unclear if XR services like social VR worlds meet this definition>!). However, the bill’s applicability to XV platforms remains
ambiguous. The Institution of Engineering and Technology has argued that while the act applies to immersive environments, its
current content definition fails to adequately address the breadth of live activities occurring in XV spaces or protect users from
harmful immersive digital experiences!>®l. Even if the OSA is deemed applicable to XV environments, compliance with certain
provisions may prove challenging, particularly in moderating inherently visceral and ephemeral experiences within the complexity of
XV spaces.

Australia’s regulatory approach to XR technologies is primarily driven by the eSafety Commissioner!®®l, The Commissioner has
identified various risks associated with XV, including cyberbullying, privacy intrusions, addiction, and potential sexual harassment in
immersive experiencesl>®l. In response, the Commissioner’s Office has launched several initiatives: public awareness campaigns to
educate parents about safe gaming environments, a “Safety by Design” program requiring XV developers to prioritize user safety, and
resources for individuals affected by virtual harms°7l

The European Union’s Better Internet for Kids strategy, adopted in May 2022 as the digital arm of the 2021 EU Strategy on the Rights
of the Child, outlines a comprehensive approach to enhancing online safety for childrenl>®l. This multifaceted strategy encompasses
several key initiatives: the development of an EU code of conduct on age-appropriate design, aligned with existing regulations such
as the Digital Services Act, General Data Protection Regulation, and Audiovisual Media Services Directive; the establishment of a
European standard for online age verification; the enhancement of child helpline services to address cyberbullying; the promotion of
media literacy campaigns targeting children, parents, and teachers; and the co-funding of Safer Internet Centres in Member States to
raise awareness and foster digital literacyl>®l.

Ultimately as the landscape of XV technologies continues to evolve, policymakers face ongoing challenges in balancing child
protection with privacy concerns, suggesting a need for further refinement of proposed legislation!*‘l.

2.2 Potential risks in the XV

Children may be drawn to non-child-friendly VR spaces within platforms due to curiosity, peer influence, and the allure of social
interaction, despite the minimum age requirement of 13 years. Platforms often lack strict age verification processes, allowing
underage access to environments that are for adult usage and exposing children to significant safety and privacy risks, including
inappropriate content and cyberbullying!!¥. As participation in XV environments continues to rise among younger populations, it is
imperative to implement robust safety protocols and parental controls to ensure a secure and positive experience for children!*’.
Additionally, understanding the perspectives of parents and guardians on the appropriateness of social VR for children is crucial in
developing effective safeguarding measures(®°l.

To uphold the rights of children as outlined in the United Nations Convention on the Rights of the Child (1989), it is crucial to prevent
trauma in both physical and virtual environments. As we extend these protections into the realm of XV worlds, we must address the
potential sources of trauma that can compromise these fundamental rights(®!l.

Trauma can be defined as psychological or emotional harm resulting from negative experiencesl®?l. Several potential sources of
trauma in the XV. These include sexual grooming, harassment, and assault in XV multi-user spaces, exposure to inappropriate content
such as underage access to VR pornography, and child sexual abuse simulations in VR, and child exploitation!®’l. Additionally,
avatar-based child sexual exploitation in VR environments poses a significant risk. Furthermore, the physical body disassociation and
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avatar transference experienced by usersl®* 7], which can amplify harm to children and offenders.

Despite the potential of XV, several challenges are apparent. One of the primary challenges is the current limitations for safety. Many
existing platform safeguards rely on user-driven reporting and community moderation, which are often insufficient to protect from
harm!°%° and a lack of support for parents and educators to support prevention!’%:712l,

By recognizing and addressing these potential sources of trauma, we can better ensure that children’s rights are preserved in digital
landscapes. This proactive approach aligns with the Convention’s mandate to protect children’s rights universally and without
discrimination. Recent studies have shown the potential of digital games and virtual reality applications in child abuse prevention
and education!’?l. Additionally, online education for healthcare and social service providers has been developed to improve
recognition and response to child maltreatment!’?. Implementing trauma-informed practices in virtual environments, similar to
those used in schools!’4, can further support children’s well-being in these new digital frontiers.

2.3 Framework for safe XV experiences

XV technologies offer innovative solutions for trauma prevention in virtual environments through advanced emotion recognition
systemsl’>7°l, These systems utilize algorithms to analyze facial expressions, voice tones, and physiological signals, identifying and
responding to distress in real-time. The integration of physiological sensors, such as heart rate monitors and galvanic skin response
sensors, with machine learning algorithms enhances accuracy and enables adaptive responses to mitigate potential traumal’.78l,
Machine learning algorithms also analyze patterns of behavior and interactions within virtual environments, identifying potential
risks and flagging them for investigation!’-*%l. By leveraging large datasets of user interactions, these algorithms can recognize subtle
indicators of harmful behavior, such as grooming or harassment, and take proactive measures. For instance, studies have explored
the use of wearable devices that monitor emotional states by analyzing physiological data in real-time, enabling applications in
various settings, including workplace stress management and mobile advertising!®'-*3l. This integration of physiological signals with
user interfaces aims to create responsive systems that can adapt to users’ emotional states, thereby improving user experience and
emotional well-being[®*l. This approach not only enhances safety but also provides valuable insights into user interactions, informing
the development of effective safety measures and supporting crime investigation in immersive environments[®3l.

Incorporating features that promote positive social interactions and skill development further enhances children’s safety and
well-being in XV, This includes designing activities and experiences that encourage cooperation, empathy, and resilience, as well
as providing tools and resources for children to learn and practice healthy coping strategies. By fostering a supportive and nurturing
virtual environment, children can build the skills and confidence needed to navigate the challenges of the XV safelyl”!l,

Integrating XV safety into educational resources and training programs for professionals, such as teachers and law enforcement, is
crucial to address the multifaceted influences of key stakeholders. Facilitating cross-sector collaboration across domains like
education, health, criminal justice, academia, and industry helps develop a collective understanding and response to XV-related
risksl7'l,

Designing adaptive and empathetic interfaces supports the creation of safe and supportive XV for children>’", One strategy for
mitigating distress and potential trauma is implementing adaptive content moderation using Al-driven systems to monitor
interactions and identify harmful behaviour. When such behaviour is detected, the system can intervene by removing offending
content, issuing warnings to perpetrators, or providing support to affected users!’%.

This framework integrates cutting-edge technologies, such as emotion recognition and adaptive content moderation, with
user-centric design principles and cross-sector collaboration®>#% Figure 1, Figure 2 and Figure 3 are original contributions developed
by the author to address gaps in existing evaluation frameworks for children’s safety in XV environments. Figure 1 presents a
comprehensive visual representation of the XV Framework, designed to evaluate and enhance the experience of children in extended
virtual environments. At its core, the framework emphasizes a holistic approach to XV interaction, balancing safety measures with
user empowerment. Key elements include mechanisms for collecting and integrating feedback from multiple stakeholders, including
parents and educators, ensuring a well-rounded perspective on the child’s virtual experience. The framework’s structure illustrates
the complex interplay between various factors influencing a child’s engagement with XV platforms, from initial interaction to
long-term developmental impacts. By visualizing these relationships, Figure 1 sets the stage for a nuanced understanding of how
different aspects of virtual environments contribute to overall user safety, comfort, and positive outcomes. This diagram serves as a
foundational tool for researchers, developers, and policymakers working to create and assess child-friendly virtual spaces, offering a
structured approach to navigating the multifaceted challenges and opportunities presented by emerging XV technologies.
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Figure 1. Data flow diagram, interconnected components of the XV evaluation framework for children. XV: extended verse.

Child-Reported Safety and Comfort

Physiological Indicators of Stress

Frequency and Severity of Negative
Experiences

Engagement and Retention Rates

Positive Social Interactions

Skill Development and Learning
Outcomes

Effectiveness of Adaptive Responses

Child Empowerment and Control

Parental and Educator Feedback

Input Description

Collecting feedback from children regarding their
feelings of safety and comfort within virtual
environments.

Monitoring physiological responses such as heart rate
variability and galvanic skin response to detect signs of
stress or distress.

Tracking the occurrence and intensity of negative
experiences reported by children.

Measuring how often and how long children engage
with the VR platform, considerations of balanced
approaches, indications their comfort and interest
and/or indications of excessive use.

Assessing the quality and frequency of positive social
interactions within the virtual environment.

Evaluating the educational and developmental benefits
gained from using the VR platform.

Measuring how well the system's adaptive responses
mitigate distress and prevent trauma.

Assessing the extent to which children feel empowered
and in control of their virtual experiences.

Collecting insights from parents and educators
regarding the perceived safety and benefits of the VR
platform.

Figure 2. Key performance inputs for assessing child safety and well-being in XV platforms. XV: extended verse.
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Description

Safety and Comfort Index (SCI) A composite score based on child-reported feelings of
safety and comfort, physiological indicators of stress, and
the frequency and severity of negative experiences.

Engagement and Retention Rate The percentage of active children who regularly engage

(ERR) with the VR platform over a specified pernod Higher
engagement and retention rates indicate comfort and
interest.

Positive Interaction Ratio (PIR) The ratio of positive social interactions to total

interactions within the virtual environment. Assesses the
quality of social interactions.

Skill Development Score (SDS) A measure of the educational and developmental benefits
gained from using the VR platform. Based on
assessments of skill development, learning outcomes,
and feedback.

Adaptive Response Effectiveness The percentage of distress signals successfully mitigated
(ARE) by the system's adaptive responses. Evaluates real-ime
monitoring and intervention strategies.

Child Empowerment Index (UEI) A measure of how empowered and in control children feel
while using the VR platform, based on child feedback and
customization options.

Parental and Educator Satisfaction The percentage of positive feedback from parents and
(PES) educators regarding the safety and benefits of the VR
platform.

Figure 3. Performance metrics for evaluating child safety in XV platforms. XV: extended verse.

Figure 2 and Figure 3 illustrate key performance inputs and metrics designed to assess child safety and well-being in XV platforms.
The development process involved identifying critical inputs such as children’s feedback on safety, physiological stress indicators,
and engagement rates, as well as synthesizing these into metrics. This proposed framework is adaptable and scalable, evolving with
the understanding of children’s experiences in XV.

Figure 2 details the inputs that focus on evaluating children's experiences within virtual environments. They include gathering
feedback on how safe and comfortable children feel, monitoring physiological stress indicators like heart rate and skin conductivity,
and tracking the frequency and severity of negative experiences. Additionally, inputs measure engagement and retention rates to
gauge children’s interest, assess the quality of positive social interactions, and evaluate the educational and developmental benefits
gained. The effectiveness of the system’s adaptive responses in mitigating distress is also measured, along with assessing children’s
sense of control and empowerment in the virtual space. Lastly, inputs incorporate feedback from parents and educators on the
perceived safety and benefits of the platform for children.

Figure 3 presents a proposed framework of novel composite metrics, designed to quantitatively assess the efficacy, safety, and
developmental impact of virtual environments for children. These metrics synthesize established methodologies with innovative
evaluative constructs to provide a multidimensional analysis. The Safety and Comfort Index integrates self-reported safety data,
physiological stress biomarkers, and negative experiential indicators, drawing on trauma-informed diagnostic frameworksl[°? and VR
risk assessment methodologies!’-7!l. The Engagement and Retention Rate quantifies platform usage frequency and consistency,
informed by studies on user engagement dynamics*! and retention optimization strategies in digital ecosystems!*?. The Positive
Interaction Ratio evaluates the quality and frequency of social interactions, leveraging research on children’s behavioral patterns in
VRI'Yl and parent-aware social VR frameworks[®’l, The Skill Development Score measures educational and developmental outcomes,
grounded in evidence-based research on XR-enhanced pedagogical interventionsl**l and therapeutic applications in paediatric
healthcarel8l. The Adaptive Response Effectiveness assesses the system’s capacity to mitigate distress, incorporating advancements in
affective computing and emotion recognition within immersive environments[’?! and real-time adaptive emotional interfaces®’l. The
User Empowerment Index quantifies perceived agency and control, informed by principles of human-computer interaction and
digital autonomy!'?l and frameworks for children’s digital rights[®'l. Finally, the Parental and Educator Satisfaction captures
stakeholder approval, integrating insights from studies on perspectives of VRI’?l and the conceptualization of child-friendly XV
environments(®’l.

The method and integration into a cohesive evaluation framework presented represent a novel approach in the field of trauma
prevention in virtual worlds. As the complexities of child safety in increasingly immersive digital environments are navigated, these
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metrics aim to provide researchers, developers, and policymakers with a tool for measuring the well-being of children in the XV.
Conceptual Use Case 1: Virtual Classroom Safety Enhancement

In an XV classroom setting, the framework’s emotion recognition systems are integrated to monitor students’ emotional states. When
a student exhibits signs of distress, such as increased heart rate or negative facial expressions, the system alerts the teacher and
provides real-time interventions, such as calming exercises or one-on-one support. This approach can be improved over time to
understand the students’ ideal support plan. This proactive approach helps maintain a supportive learning environment, reducing
anxiety and improving student engagement and retention.

Conceptual Use Case 2: Safe Social Interaction in Online Gaming/Virtual Worlds

An online gaming platform or social virtual world for children implements the framework’s adaptive content moderation and positive
interaction metrics. The system identifies and mitigates harmful behaviors, such as bullying or harassment, by issuing warnings and
providing support to affected users. By promoting positive social interactions and skill development, the platform enhances
children’s safety and well-being, leading to higher user satisfaction and parental approval.

Conceptual Use Case 3: Trauma Support in Virtual Therapy Sessions

An XV program for children uses the framework’s physiological monitoring and adaptive response systems to tailor sessions to
individual needs. By continuously assessing stress indicators, the system adjusts the virtual environment to create a calming
atmosphere, facilitating effective therapy. This personalized approach empowers children, improves therapeutic outcomes, and
increases satisfaction among parents and therapists.

While the proposed conceptual use cases highlight the benefits of the framework, it is important to consider how monitoring might
influence user behavior and adoption. Research in emotion recognition systems suggests that continuous monitoring can affect the
authenticity of emotional responses[®2%°l, Younger children may perceive the system as supportive, but older children and teenagers
might view it as intrusive, potentially leading to altered behaviour or attempts to circumvent the system. Studies on physiological
signal-based emotion recognition highlight the importance of balancing detection accuracy with user comfort®3l, Future iterations of
the framework should explore customizable monitoring levels that consider age-appropriate autonomy while maintaining safety.

2.4 Evaluation metrics and validation

To effectively integrate the proposed system into an existing XV framework, it is necessary to leverage modular design principles that
allow for seamless incorporation of emotion recognition systems and physiological sensors!®’l. This can be achieved by developing
APIs that facilitate communication between the XV platform and the emotion recognition modules, ensuring real-time data exchange
and adaptive responses. Additionally, the integration process should include a comprehensive testing phase, where the system is
evaluated within controlled environments to assess its performance and reliability!®®]. This testing should involve scenarios that
mimic real-world interactions, allowing for the identification and resolution of potential issues before full deployment. By utilizing
iterative testing and feedback loops, the system can be refined to ensure optimal functionality and user experiencel®’.,

Furthermore, collaboration with stakeholders, including educators and child psychologists, as well as policymakers, regulators and
internet crimes against children specialists can provide valuable insights into the system’s effectiveness and areas for improvement,
ensuring that the integration continually enhances the safety and engagement of the XV environment for children!’!l. For designers to
incorporate the proposed factors into their systems, designers and researchers should adopt a holistic approach that integrates
emotion recognition, physiological monitoring, and machine learning for behaviour analysis, as outlined in the framework. This
approach aligns with the principles of Child’s Rights by Design!®l, emphasizing children’s right to protection in digital environments.
Implementing adaptive content moderation and fostering positive social interactions supports the Safety by Design framework!’!l,
which prioritizes user safety in the development process. Designers can facilitate skill development and cross-sector collaboration by
creating interfaces that respond dynamically to users’ needs, embodying the concept of Thriving by Design!®?l. Practical
implementation could involve developing APIs for emotion recognition integration, creating dashboards for real-time physiological
data analysis, and establishing guidelines for adaptive content moderation based on machine learning insights. By incorporating
these elements, designers and researchers can create safer, more empathetic digital environments that protect and empower
children in XV.

The XV Safety Framework for Children presents a comprehensive approach to creating secure and empowering digital environments
for young users. The following steps outline a potential implementation process to support safety measures effectively integrated into
XV platforms and continuously improved based on continual feedback and evolving best practices. This approach aligns with the
guidelines provided by the Organisation for Economic Co-operation and Development (OECD) on digital safety and child protection!*3l.

* Ensure legal compliance: Adhere to data protection and online safety regulations (e.g., GDPR, COPPA) by implementing robust data
handling practices, obtaining necessary consent, and ensuring transparency in data collection and usage. Regularly update policies
to align with evolving legal standards, protecting children’s privacy and maintaining stakeholder trust.
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« Foster positive interactions: Create activities and features that encourage cooperation, empathy, and skill development, supported
by educational resources.

« Prioritize user empowerment: Develop features that give children appropriate control over their digital experiences, enhancing
their sense of agency and safety.

» Provide comprehensive training: Offer educational programs for developers, moderators, and other stakeholders on implementing
and maintaining these safety measures.

« Establish cross-sector partnerships: Facilitate collaborations between technology companies, researchers, policymakers, and child
protection experts to share knowledge and resources.

 Integrate emotion recognition APIs: Implement robust APIs that seamlessly connect with existing platforms, ensuring real-time
processing of emotional data.

» Deploy physiological monitoring: Utilize wearable devices to track key physiological indicators continuously, providing data for
adaptive responses.

* Develop behavior analysis algorithms: Create machine learning models that analyze user interactions to identify and mitigate
potential risks in real-time.

» Conduct regular safety audits: Implement a system for ongoing evaluation of the framework’s effectiveness using the proposed
metrics (e.g., Safety and Comfort Index, Engagement and Retention Rate).

* Iterate and improve: Continuously gather feedback from users, parents, and experts to refine and enhance the framework’s
components.

The strategic implementation process supports legal compliance, fosters positive interactions, and empowers users while
continuously refining the framework through feedback and collaboration, in line with OECD guidelines.

3. Ethical Considerations

The integration of advanced emotion recognition systems, physiological sensors, and machine learning algorithms presents a
potential approach to creating safer virtual environments for children in the XV. By enabling real-time monitoring and adaptive
responses to potential threats, these technologies can help mitigate the risks of trauma and negative experiences in XV. Significant
challenges remain, the reliability of proposed data measures is critical to the success of any framework designed to enhance safety in
XV. Ensuring accuracy involves rigorous testing and validation of data collection methods, as well as continuous monitoring to
identify and correct any discrepancies!®l. The establishment and use of standardized protocols and benchmarks can help maintain
consistency and reliability across different platforms and applications!’l. Furthermore, incorporating feedback loops that allow users
to report inaccuracies or issues can improve the overall robustness of the data measures.

Combining and interpreting data measures effectively will require sophisticated modelling tools, such as causal loop diagrams, which
could visualize the relationships between different variables and identify potential feedback loops!”?l. The consideration of such tools
can help researchers and developers understand the complex interactions within XV and make informed decisions about system
design and policy implementationl°”l. Additionally, employing machine learning algorithms to analyse large datasets can uncover
patterns and insights that inform the development of more effective safety measures!“sl.

To evaluate the effectiveness of the proposed framework it will be essential to conduct empirical studies and pilot programs that test
its implementation in real-world settings[°’l. These studies should measure key performance indicators, such as user satisfaction,
safety incident rates, and system responsiveness, to assess the framework’s impact!['°’], vValidation techniques, such as A/B testing or
randomized controlled trials, could provide robust evidence of the framework’s efficacy and identify areas for improvement!'°!l,

Research indicates that blockchain can preserve the privacy of data providers by implementing privacy-preserving methodologies
during data storage, management, and query processing!'?. The relationship between privacy and anonymization in blockchain
technologies can be explored for the framework for a decentralized database alternativel'3104, Research highlights its potential to
enhance data security, transparency, and user control through decentralized storage solutions like the InterPlanetary File System and
smart contracts(!®l. Additionally, the convergence of blockchain with VR and AR technologies has been identified as a promising
enabling efficient data management and secure interactions['°°l, While these applications are still in their early stages, they
demonstrate the feasibility of integrating blockchain into XV frameworks, paving the way for future advancements. However, while
blockchain can improve user control and usability of data, it raises ethical, legal, and social implications that need to be
addressed!'%7l,
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4. Technical Challenges

Acknowledging the theoretical nature of the presented framework, the implementation will involve specific technical components
and evaluation protocols that are not considered within the breadth of this paper. The proposed framework does not yet exist and
presents significant technical challenges that warrant careful consideration by future researchers. The integration of sensors and
data collection systems in XV environments requires careful consideration of latency issues and calibration requirements. The
processing and analysis of multimodal data streams present substantial technical hurdles, particularly in maintaining real-time
performance while ensuring data privacy and security. The system must handle large volumes of physiological and behavioural.
These challenges are compounded by the need to balance local processing capabilities with cloud-based solutions. Success in
implementing this framework will require collaborative efforts across multiple disciplines, including computer science, psychology,
and human-computer interaction!®l. This framework serves as a call to action for researchers to contribute to the development of
practical solutions that can effectively protect children in XV environments while maintaining engaging and beneficial experiences.

5. Conclusion and Future Directions

In conclusion, the proposed framework for creating safe environments for children in the XV represents a novel approach for digital
safety and empowerment, specifically for child XV experiences. By integrating cutting-edge technologies with a multidisciplinary
approach, the framework addresses the critical need to prevent trauma and foster positive development in XV.

The deployment of advanced monitoring and intervention technologies in the XV to enhance child safety necessitates a thorough
examination of ethical implications. While the primary objective is to safeguard children, it is imperative to balance this with the
preservation of privacy, autonomy, and the child’s right to play, explore and learn free from harm!'. Key ethical considerations
include ensuring that the collection and utilization of emotional and physiological data are conducted transparently, securely, and
strictly for their intended purposes. Developing age-appropriate methods for obtaining meaningful consent from children and their
guardians is essential to uphold ethical standards. Regular audits of Al systems are necessary to prevent and address biases that may
unfairly target or overlook specific groups of children. Clear communication with users regarding the operation of safety systems and
the circumstances under which interventions occur is vital. Establishing mechanisms for oversight and redress in instances where
the system errs or causes unintended harm is critical. Ensuring that safety measures respect diverse cultural norms and values across
global user bases will be required.

Incorporating diverse perspectives from children, parents, and educators is crucial for refining and validating the XV safety
framework. This user-centric approach will support the implemented solutions to be not only technologically sound but also
acceptable to the end-users.

The collaborative efforts of educators, policymakers, industry leaders, and child protection experts are essential in implementing all
solutions, ensuring that the XV becomes a secure and enriching environment for young users, for years to come. As society continues
to navigate the complexities of the digital frontier, this framework serves as a guide, paving the way for a future where children can
explore, learn, and thrive safely in the digital world.
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